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Abstract. The purpose of this work is to emphasize the importance of thermal
insulation in the conditions of a modern city and to offer a more natural alternative to
existing materials. The constant growth of the urban population leads to an increase
in the demand for housing. Young people move to cities for new opportunities, which
leads to increased energy consumption, which has a direct negative impact on the
environment. This endless cycle is mostly about efficiency. Improving the thermal
properties of each house will make it possible to create an economically efficient
system suitable for use in all existing housing, we would achieve a great percentage
of saved money on heating and cooling, as well as reduce our dependence on fossil
fuels, which in turn allows to save much more on infrastructure, specified equipment
and subsidies for this industry.

This research employs a comprehensive methodology by analyzing existing
works on urban «heat island» effect and it's mitigation, as well as data on creating
a more sustainable water management systems and examples of using vertical
gardening in construction for both newly built and existing housing.

The results of the study illustrate the significant improvements in thermal
insulation that can be achieved by integrating vertical gardens into urban structures.
Through a combination of experimental data and existing implementations, it has
been observed that the presence of vertical gardens leads to a noticeable increase of
heat insulation. These results highlight the potential of incorporating vertical gardens
as a sustainable solution to enhance the thermal performance of urban buildings.

This scientific novelty of this research contributes to the scientific literature
by offering a new perspective on the role of vertical gardening in urban thermal
insulation. The identification of optimal plant species and configurations for specific
urban contexts adds a new dimension to sustainable urban design, emphasizing
the importance of green infrastructure in addressing contemporary environmental
challenges.

The practical implications of this research are substantial for architects, urban
planners, and policymakers. The findings provide actionable insights into leveraging
vertical gardening as a sustainable strategy to reduce energy consumption, retrofit
existing buildings to meet the criteria for sustainable housing and mitigate the urban
«heat island» effect.
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INTRODUCTION

Global energy consumption is estimated
to reach 580 Terajoules this year, which is an in-
sane number, considering that 83% of it comes
from fossil fuels. [1] And most of this energy is
consumed by regular households by heating and
cooling. This humber will only increase, consid-
ering that world-wide urbanization will continue
growing. Most of it comes in the form of cre-
ating sub-urban areas as it commonly appears
throughout North America - one/two story build-
ings for one family. The other form is mostly de-
scribed as «15 minute cities», where we have
densely built-up residential areas in close prox-
imity to commercial and recreational zones with
a strong reliance on high voltage grid and great
need for a centralized heating system, which is
widely used on the European continent. Both
variants have their pros and cons, but one pa-
rameter holds still - energy consumption. When
you have an American style neighborhood, each
household has to rely on its own supply of heat
and as of now, it mostly comes in the form of
gas furnaces. In Europe, it is necessary to have
at least one thermal power plant in the vicinity
of the city, and it is provided by burning coal
and scrap. And this without taking into account
how much electricity is being used in summer
time to provide cooling. To mitigate that, coun-
tries are creating a system of subsidies to en-
courage people to alter their consumption pat-
tern by installing heat pumps, solar panels and
insulation on houses, which costs a lot even
with the help from the government. To meet the
goals of reducing our consumption, firstly we
have to adopt the new strategy of creating “net
zero” homes and retrofitting existing buildings
to new standards. And to make it much more af-
fordable, especially in developing countries, the
solution might be in vertical gardening, which
can work as a standalone insulator for an apart-
ment, as well as a thermal damper with a city-
scale use. This feature can insure the stability
of the grid, exponentially reduce our reliance
on fossil fuels and most importantly - create a
comfortable and cost-effective environment in-
side ever-growing urban areas.

ANALYSIS OF PREVIOUS RESEARCH

Vertical gardening was mostly considered
as a good aesthetic choice for creating fresh,
memorable and unique design for facades of
new buildings. Only recently it has come to at-
tention by many world architects as a cheap and
easily implementable solution for renovation of
old buildings and designing new ones.

By analyzing existing research, we can
differentiate the key factors in adopting vertical

gardening as the main strategy for reaching our
global net-zero goals:

- The effectiveness of vertical gardening
as an insulator and its comparison with the
standard insulations.

- The effect of widespread use of vertical
gardening on the urban “heat island” effect and
its economic benefits

- Mid- and long-term benefits of reducing
energy consumption of residential buildings on
the economy.

GOALS

This work emphasizes on the benefits
of using vertical gardening with or instead of
standard insulation by analyzing world's en-
ergy consumption patterns and the experience
of using vertical gardening around the world.
One of the objectives is to offer a viable solution
to the problem of existing housing and create a
pattern of how to retrofit new technology to old
buildings.

RESULTS AND DISCUSSION

As it was previously mentioned, urbaniza-
tion grows exponentially, as more people from
rural areas are moving to the cities, and the de-
mand for affordable housing meets the supply
of both old and newly built apartment blocks.
Today, some 56% of the world’s population -
4.4 billion inhabitants - live in cities. This trend
is expected to continue, with the urban popula-
tion more than doubling its current size by 2050,
at which point nearly 7 of 10 people will live in
cities. [2] And as of now, people mostly live in
apartment buildings or single-family homes that
are almost half a century old. A substantial share
of the stock in Europe is older than 50 years with
many buildings in use today that are hundreds
of years old. More than 40% of our residential
building have been constructed before the 1960s
when energy building regulations were very lim-
ited. [3] By comparison, in the US home con-
struction has decreased by 55% nationwide with
almost 3 million people born in 2020 and only
912 thousand single-family homes built [4].

The demand for housing is only growing
and with it grows the consumption. Global en-
ergy demand grew by 2.9% in 2018 and in a
business as usual scenario, by 2040 global en-
ergy consumption will reach 740 million tera-
joules - equivalent to an additional 30 percent
growth [1]. And if we take into account, that
most of this energy is used just for heating and
cooling, we can understand how much money
and resources can be saved by insulation alone.

Different insulators provide different
R-value, which is a measurement of how
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Average energy use in the home

Space heating 61

. Water heating 23
‘ Lighting & appliances 13

Cooking 3

UK Average

re for Alternative Technology

Fig. 1. Average energy consumption
by UK household [5]

resistant the material is to heat flow. Materials
with a higher R-value are more effective at insu-
lating than those with a lower R-value. And all of
those have different prices for installation. Some
common types of thermal insulation and their
approximate costs (in US dollars) are included
in table 1.

And it's important to note that the thicker
the insulation, the better it reduces heat flow [6].

In this case, the main advantage of ver-
tical gardening is that it requires less expenses
on installation as with time, the module that
covers 4 square feet of space can expand to
8-12 square feet, simply due to the growth of
installed plants. The thickness of that vegetation
cover will grow as well, creating more pockets of
air inside of it, which greatly reduces heat-loss.
The only downsides to it would be the need for
creating an additional irrigation system for the
modules and that the expected effects of the in-
sulation would depend on the speed of growth of
the used plants.

But both these problems can be easily
solved by creating a self-sustained gravita-
tional irrigation, as it was used in «One Central
Park», which saves around 30% of energy on
cooling with all its vegetation [7], as well as by
using the fast growing and temperature resilient
plants like Lonicera sempervirens, that can grow
at the rate of 5 meters per year and can with-
stand the temperature deviations from -15°C to
+30°C [8]. This can be a cost effective way of

improving old housing, as the facades can be
easily covered with plants and multistory build-
ings could benefit from it by saving on the instal-
lation and sewage maintenance. [9] The other
key benefit of using vertical gardening is the ef-
fect it has on the urban «heat island» effect.

Fig. 2. One Central Park, Sydney

Structures such as buildings, roads, and
other infrastructure absorb and re-emit the
sun’s heat more than natural landscapes such
as forests and water bodies. This leads to a
growing ambient temperature inside the cities,
which causes significant damage to the health
of people and vegetation inside the city. For
the most populated cities (that is, the top 5%),
the effects of urban heat islands add 1.72°C,
2.08°C and 2.35°C to the temperature increase
due to global climate change in 2015, 2050 and
2100, respectively. These estimates are 0.70°C,
0.84°C and 0.93°C for the median cities. About
20% of these cities could experience a total
warming higher than 4°C in 2050 and about
25% could warm more than 7°C by the end of
this century. [10] This can affect the economy

Table 1

Some common types of thermal insulation and their approximate costs (in US dollars)

Material Price (per square foot) R - Value (per inch)
Fiberglass batting $0.50 to $1.00 3.5-3.7 [15]
Cellulose $0.50 to $1.00 3.2-3.8 [15]
Foam $1.00 to $2.00 6.5-7 [16]
Mineral wool $1.00 to $2.00 4.2 [17]
Radiant barriers $0.50 to $1.00 Don't has it's own, as it only refracts temperature [18]
Aerogel $2.00 to $5.00 10.3 [19]
Cork $1.50 to $3.00 3.6 - 4.2 [20]
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at scale, as higher temperature increases de-
mand for cooling, which in turn demands more
energy. This can affect lives of every individual,
as immense heat may reduce their productivity
at best and lead to serious damage to health
at worst.

To mitigate this effect, it is required to
use new materials, which reflect solar radi-
ation instead of absorbing it. But this in turn
requires additional expenses on adapting the
existing facades to new standards, excluding
the apparent need for insulation. And vertical
gardening can provide both, and insure the low
heat transfer of the building as well as miti-
gating the heat absorption, as plants use all
this solar heat for the photosynthesis. And if
it's used at scale it creates a cascade effect on
the overall environment.

Most importantly, mitigating the «heat is-
land» effect can greatly reduce our electricity
consumption pattern. For an average house-
hold (in Melbourne, Australia), the temperature

reduction of 1.15°C in the city can save $37 per
year, which is not much, but at scale it can lead
to the millions of dollars saved for each city.
[11] Not only that, but vertical gardening has
a direct effect on the city’s water management.
The modules, as well as the plants themselves
can accumulate the rainwater, which in turn
helps to relieve the sewage systems in times of
massive rainfalls. Studies show that 25 square
foot (2.3 square meter) greenwall systems re-
tain on average 2.5 gallons (9.4 liters) of water
a day. [12] These numbers can differ drastically
with use of bigger plants (like Parthenocissus
tricuspidata ‘Veitchii” or Lonicera semper-
virens).

With those vertical systems, cities can re-
duce the pressure on the sewage systems, as
more water would evaporate and stay in a more
natural environment. This provides additional
savings, as processing of sewage water can cost
from $3 to $5 per 1 liter to the city [13] in US
and around €168 per inhabitant in EU [14].

Fig. 4. Using Parthenocissus tricuspidata 'Veitchii’ for vertical gardening in Kyiv
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CONCLUSIONS

The cost effectiveness of using vertical
gardening for insulation can be described as a
mid- and long-term investment, which can pos-
itively affect the overall economic behavior of
every city. Benefits for single-family houses are
not as drastic, as with densely populated areas,
but they still provide the proper thermal isola-
tion and rainwater management to consider it
as a viable alternative to the classic insulation.
For the cities it is paramount to use his tech-
nology, as urban areas will continue to expand.
It is necessary to accumulate research on which
strategy to use for each country, as we have
to take into account the climate parameters of
each nation as well as their cultural heritage
and economical structure. For different climates
we have to use different plants for them to pro-
vide the best insulation and to be as mainte-
nance-free as possible.

As we discussed previously, with in-
creased population the demand for electricity
will increase as well, which leads to bigger con-
sumption of fossil fuels, which affects the global
temperature of the planet, which leads to the
amplification of urban «heat island» effect. This
cycle has to be stopped or at least slowed, and
adopting renewable energy would not work as
a standalone solution. We have to change our
perception of the urban landscape in order to
improve our environment as well as our econ-
omies.
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AHOTALIA

JintenH b.b., Kocuk O.I. BUKOPpUCTaHHSI BEPTHUKaJIbHOIro O3€J/IEHEeHHS
AJIS1 NOKpaLWjeHHS TernJioi30/8Yii y MICbKNX yMOBaXx.

Meta pob0oTu — nNiaKpeCc/INTN Ba)>K/INBICTb TEMJ10i30/15Lii B yMOBax Cy4acHoro mMicta
i 3anpornoHyBatu 6ifibLl NPpUPOAHY asbTEPHATUBY ICHyrOYMM Mmartepianam. [locTiniHe
3pPOCTaHHSI MICbKOro HAaceseHHs rpu3BoAnTb A0 306i/IbLUEHHS MONUTy Ha XUTJIO.
Monoab nepeixkaxae A0 MICT y MowyKax HOBUX MOX/IMBOCTEH, WO MPuU3BOANTb [0
36i/IbLUEHHS CITOXXNBAHHS €HEPril, IKe Ma€ rnpsiMmnil HeratuBHMWI BIJINB Ha HABKOJTNLLIHE
cepegoBuuye. Llei HECKIHYEHHUI UMK 34€06i/1bLOoro CTOCYETbCS €e@dEKTUBHOCTI.
lMoninweHHss TernoBux B/ACTUBOCTEN KOXHOro OyAWHKY AacTb 3MOry CTBOPUTU
EKOHOMIYHO eEeKTUBHY cuUCTeMY, NpUAATHY A/18 BUKOPUCTAHHS Y BCbOMY iCHYHOYOMY
XKUTAI, | UMM MU [OCSrHEMO 3HAYHOro BifCOTKa €KOHOMIl KOLITIB Ha OMNasieHHs Ta
OXOJIO/DKEHHS, @ TaKOX 3MEHLUMMO 3aJ/1eXHICTb BiJ BUKOIMHOIO raszausa, Lo, CBOE
4yeproro, 4acTb 3MOry 3Ha4yHo 6ifbLie 3aolaagnTy Ha iHpacTpyKTypi, cneyiasibHoMy
obniagHaHHIi Ta cybcuaiax Ans Uiei ranysi.

Y UyboMy A0OCAIAXKEHHI 3aCTOCOBaHO KOMI/IEKCHY METOAOJIOrII0 LU/ISIXOM aHasizy
iCHYt0UMX pOBIT LL0AO €PEKTY MICbKOIro «TErMJI0BOr0 OCTPOBAa» Ta MOro roM’sKLIEHHS, a
TaKoX AaHuX LWoa0 CTBOPEHHS 6ilbLU CTaINX CUCTEM yrpas/liHHS BOAHUMU pecypcamm
Ta NpUKAaAiB BUKOPUCTAHHSI BEPTUKAsIbHOrO O3€/1€HEHHS B OyAiBHUUTBI 5K 475
HOBO36y/0BaHOro, TaK i /181 BXe iCHyK4YO0ro XuTsa.

Pe3ynbratn [OCNIAXKEHHS [IIOCTPYIOTb 3HayHe [0/1iMNLEeHHS Tersa0i3054ii,
AKOro MOXHAa AOCAITU LWJ/IAXOM [HTerpauii BepTUKaslbHOro0 O3€/IEHEHHS Yy MIiCbKi
CTPYKTYpH. 3aBAsSIKN MOEAHAHHIO €KCrIEPUMEHTAa/IbHUX AaHMNX Ta iICHytouYnx peasizayi
6ys10 BuSABAEHO, WO HAasIBHICTb BEPTUKAlZIbHUX CaAdiB rpu3BoAUTL A0 [MOMITHOMO
nigsniyeHHs Ttersioizonadii. Ui pe3ynbtatv nigKpecstooTb MOoTeHUias BKJ/IHOYEHHS
BepTUKasIbHUX cafiB SIK CTasloro pilleHHs 4715 MOoJlinieHHs Tern/10Bmnx xapakrepucTnk
Micbkux 6yaiBesib.

HaykoBa HOBM3Ha LibOro AOC/A)XEHHSI pObUTb BHECOK Yy HayKOBY N1iTEpatypy,
rpOoroHYyYY HOBMIMOI/isi4Ha pOJib BEPTUKA/IbHOIMO 03€/1€EHEHHS Y MICbKiV TEMJ10i30/15L.
BuzHauyeHHs1 onTuMasbHUX BUAIB | KOHQIrypauii poc/imH 47151 KOHKPETHNUX MICbKUX
YMOB A043€ HOBUI BUMIp A0 CTaJIoro MiCbKOro An3arHy, nigKpec/rooyYn BaXK/INBICThb
3e/1eHOI iHQPaCTPyKTypu y BUPILLEHHI Cy4acCHUX €KOJI0rYHUX rpobsiem.

MNMpaKkrnyHe 3Ha4YeHHSs1 LbOro [OC/iXKEHHS € BaX/MBuUM [J1s apXiTeKTopis,
MiCTOBYAIBHUKIB Ta MOJITUKIB. Pe3ynbtatu AOCHIAXKEHHS AarTb  PaKTUYHI
pekomeHaauii o0 BUKOPUCTAHHSI BEPTUKA/IbHOIO 03€/IeHEHHS SIK CTaslol cTparerii
47151 3MEHLLEHHS CIIOXKUBAaHHS €HEPrii, MogepHizauii icHyroumnx 6yaiBesb BigrioBigHO 40
KpUTEPIIB CTasioro XuTsa Ta oM siKLLIEHHS €(PEKTY MICbKOro «TersioBOro OCTpoBa».

Knw4oBi croBa: BepTukasibHe 03€/IEHEHHS, MICbKMH OCTpiB Tersaa, i30/15uis,
eHepro3bepexxeHHsl, Mo4EPHI3aLlis.
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