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Abstract— As modern buildings become more airtight to improve energy efficiency, indoor air quality can decline due to reduced ventilation 
and increased energy use. Plants offer a viable solution to this problem by enhancing indoor air quality through CO2 reduction, humidity 
control, and pollutant filtration, while also providing cooling and psychological benefits. The primary mechanisms involved are photosynthesis, 
which absorbs CO2 and releases oxygen, and transpiration/evapotranspiration, which cools indoor environments and improves air quality. 
Recent advancements in vertical greenery systems (VGS) have significantly enhanced indoor phytoremediation by optimizing space and 
plant biomass. VGS can reduce indoor temperatures by up to 6°C, decrease cooling energy consumption by up to 58.9%, and lower CO2 
levels by up to 17%, offering considerable environmental and economic benefits. The effectiveness of VGS depends on factors such as plant 
species, light conditions, and CO2 levels, with optimal lighting and substrate moisture improving CO2 assimilation and cooling effects. 
However, challenges such as high initial costs, maintenance requirements, and climate-specific performance issues persist. This review 
examines the mechanisms by which plants regulate temperature, humidity, and CO2 levels, evaluates the effectiveness of VGS, and 
discusses factors influencing their performance. It also addresses the current limitations of VGS and provides recommendations for future 
improvements. 

Index Terms—Plants, Vertical Greenery Systems, Energy Efficiency, CO2 reduction, Cooling effects 
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1 INTRODUCTION                                                                     
S climate change exacerbates extreme temperatures, urban 
environments face increasing challenges, including 
heightened energy use for cooling buildings. In contem-

porary society, individuals spend approximately 80-90% of 
their time indoors [1]. This trend, combined with the ongoing 
energy crisis and the expansion of enclosed spaces, has led to 
elevated levels of indoor air pollutants, which can be two to five 
times more concentrated than those found outdoors, and in ex-
treme cases, up to 100 times higher [2], [3]. While ventilation is 
a common approach to improving indoor air quality, it often re-
sults in significant heat loss and may be insufficient, particu-
larly in winter [4].  

The energy demands of buildings have surged, increasing by 
93% from 1917 to 2014, with buildings now accounting for ap-
proximately 40% of global energy consumption [5]. In Europe, 
buildings contribute 36% of total greenhouse gas emissions, pri-
marily due to energy consumption for heating, cooling, and air 
purification [6]. Indoor air quality issues also include elevated 
CO2 levels; the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE) recommends a maxi-
mum indoor CO2 concentration of 1000 ppm, yet actual levels 
often exceed 2000 ppm and can reach up to 5000 ppm [7], [8]. 
Relative humidity (RH) further affects indoor air quality: low 
RH (<30%) can cause eye irritation and dryness, while very low 
RH (<10%) can lead to discomfort, and high RH (>60%) can pro-
mote mold growth and damage building materials. Maintain-
ing RH between 40-60% is generally advised [9].  

The increasing severity of urban problems due to climate 

change underscores the need for effective solutions. Urban 
green spaces, such as vertical greenery systems (VGS), offer 
promising strategies for addressing these issues. VGS, which in-
clude various plant species, contribute to cooling through shad-
ing and evapotranspiration, enhance air quality by absorbing 
pollutants, and aid in carbon capture and storage [10], [11]. 
These systems not only improve urban climates and energy ef-
ficiency but also reduce greenhouse gas emissions [12], [13]. 
Additionally, plants in VGS help regulate CO2 levels, maintain 
appropriate humidity, and offer psychological and aesthetic 
benefits by reducing stress and enhancing emotional well-being 
[14], [15]. This review examines the role of VGS in energy sav-
ings, focusing on their mechanisms for cooling, CO2 removal, 
and overall improvement of indoor environments. It also ad-
dresses the current limitations of VGS and provides recommen-
dations for future improvements. 

 

2  MECHANISMS OF PLANT-BASED CARBON REMOVAL 
AND ENVIRONMENTAL REGULATION 

Plants play a vital role in improving indoor air quality, en-
hancing human productivity, and reducing stress [4]. The 
plant's capacity to mitigate CO2 levels and regulate environ-
mental conditions is mediated through the processes of photo-
synthesis, transpiration, evapotranspiration, and evaporation. 

 
2.1 Photosynthesis 

Photosynthesis is a vital biological process where light en-
ergy is converted into chemical energy, enabling plants to ab-
sorb CO2 and release O2 [13].  Plants act as natural carbon sinks 
by capturing carbon dioxide through this process and storing it 
in their tissues for varying periods. This stored carbon can ei-
ther be transformed into humus or retained within the plant 
material [16]. Carbon sequestration refers to the long-term 
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storage of carbon dioxide in plants, which helps mitigate the 
effects of climate change and air pollution [17].  

Photosynthesis not only produces O2 but also generates neg-
ative air ions (NAIs), which aid in air purification and dust ab-
sorption. For instance, Shiue [18] demonstrated that NAIs can 
effectively control ultrafine aerosol pollutants in controlled en-
vironments. However, under indoor conditions, plants produce 
only a small amount of NAIs. Enhancing the production of 
fresh air rich in NAIs using plants presents a significant chal-
lenge. Among these ions, superoxide (O2˙−) is the primary NAI 
and is more stable than other ions [19].  

Factors such as light intensity, CO2 concentration, and tem-
perature influence the rate of photosynthesis. Effective photo-
synthesis requires adequate light, which can be limited in in-
door settings. Light conditions significantly affect CO2 absorp-
tion and O2 release. Plants need light levels above the compen-
sation point—where photosynthesis and respiration rates are 
balanced—to maintain their biological functions and improve 
air quality [20], [21]. Excessive temperatures above 30°C can re-
duce photosynthesis rates in species such as Quercus suber [10]. 
While elevated CO2 levels can enhance photosynthesis and O2 
release, the benefits are dependent on light quality and CO2 
concentration [22]. Optimal photosynthesis conditions—tem-
peratures between 21–25°C, light fluxes of 100–500 lx, and 
wavelengths between 400–700 nm—support CO2 sequestration, 
slow global warming, and maintain ecological balance [19].  

2.2 Transpiration and Evapotranspiration 
Transpiration is the process by which plants release water 

vapor from their leaves into the atmosphere, contributing to the 
cooling of the surrounding environment [23]. This process also 
includes guttation, where liquid water is expelled through spe-
cialized plant pores. This process, which involves water moving 
from the roots to the leaves and evaporating into the atmos-
phere, also aids in regulating indoor relative humidity [24].  

Transpiration plays a crucial role in regulating the energy 
and mass balance within enclosed environments. It influences 
plant production by affecting the exchange of energy through 
radioactive and convective transfers. During transpiration, ab-
sorbed solar energy is partly converted into latent heat as plants 
work to maintain a stable, moderate temperature within their 
canopy. The efficiency of this process is influenced by factors 
such as radiation, vapor pressure deficit (VPD), temperature, 
humidity, and plant type [19]. 

Evapotranspiration combines transpiration and soil evapo-
ration, further enhancing cooling by removing moisture from 
soil surfaces and plant tissues [25]. Figure 1 illustrates the mech-
anisms of evapotranspiration in plants. Increased evaporation 
through evapotranspiration can reduce building energy de-
mands by moderating temperature fluctuations in both sum-
mer and winter [26]. Additionally, evapotranspiration contrib-
utes to atmospheric convection and cooling, while purifying the 
air by removing water vapor [27]. Boysen et al. [28] found that 
moisture fluxes could be enhanced, leading to additional cool-
ing effects. Overall, plant evapotranspiration not only cools the 
plants but also improves air convection and quality [27]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE. 1. THE PROCESS OF EVAPOTRANSPIRATION IN PLANTS, HIGH-
LIGHTING THE RELEASE OF WATER VAPOR FROM LEAVES INTO THE ATMOS-
PHERE AND THE ROLE OF GUTTATION IN EXPELLING LIQUID WATER 
THROUGH SPECIALIZED PORES.  
 

3 POTTED PLANTS IN CARBON SEQUESTRATION AND 
ENVIRONMENTAL REGULATION 

NASA's 1989 Clean Air Study highlighted the significant air-
purifying potential of indoor plants, demonstrating their ability 
to remove volatile organic compounds (VOCs) and CO2 while 
releasing oxygen [29], [30]. Over the past 30 years, numerous 
studies have confirmed these findings, showing that indoor 
plants effectively improve air quality, reduce urban air pollu-
tion, enhance humidity levels, and lower temperatures [31]. 
While advanced ventilation systems are one approach to en-
hancing indoor air quality, simpler solutions like houseplants 
have also proven beneficial [32], [33], [34], [35]. 
Research has shown that various indoor plants reduce CO2 lev-
els. For instance, Ficus benjamina reduced CO2 from 2,000 ppm 
to about 480.74 ppm in one hour [4]. Dracaena ‘Janet Craig’ has 
been reported to reduce CO2 and CO levels by approximately 
10% in air-conditioned spaces and 25% in naturally ventilated 
spaces [36]. 

Further studies have identified Epipremnum aureum as partic-
ularly effective in purifying low-concentration CO [37]. Ventila-
tion enhances the pollutant removal efficiency of plants; Epi-
premnum aureum absorbs CO2 more effectively in ventilated 
chambers, particularly two hours after exposure to cigarette 
smoke [38]. The effectiveness of plant-based air purification 
also varies with the substrate used. Soil has been found most 
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effective at removing formaldehyde (~0.07–0.16 m³/h), while 
peace lilies (0.01 m³/h) and Boston ferns (0.02–0.03 m³/h) are 
more efficient at reducing CO2 concentrations [39]. 

Additionally, Areca Palm can block solar radiation when 
placed near double windows in winter, reducing heating needs 
while maintaining indoor humidity by around 50% [40]. Sea-
sonal studies of Ficus and Epipremnum in naturally ventilated 
offices revealed that these plants emit between 35 g (winter) and 
58 g (summer) of moisture per day. Despite this, air exchange 
rates often have a more significant impact on humidity than 
plant transpiration alone [33]. Han et al. [35]  also indicated that 
window ventilation can be more effective than plant transpira-
tion for cooling and humidity control, with the proximity and 
number of plants influencing their effectiveness. 

4  VERTICAL GREENERY SYSTEMS 
Advancements in plant technology have led to the develop-

ment of vertical greenery systems (VGS), which offer significant 
advantages over traditional potted plants for indoor environ-
mental improvement. Unlike passive potted systems, which re-
quire many plants and are limited by air circulation, VGS opti-
mize space and increase plant biomass exposure, thereby en-
hancing pollutant removal efficiency [13], [41], [42]. 

Vertical greenery systems—commonly referred to as green 
walls, bio-walls, and vertical gardens—have proven to be 
highly promising in urban environments. They improve water 
and air quality, manage stormwater effectively, reduce temper-
atures, and lower carbon emissions. Additionally, these systems 
help mitigate the urban heat island effect, thus contributing to 
urban sustainability [14]. Green walls provide benefits such as 
reduced wall temperatures through shading and wind barriers, 
decreased solar absorption, and improved thermal insulation 
from vegetation and growth substrates. They also enhance mi-
croclimate regulation and increase biodiversity [43], [44], [45]. 
Vertical greenery systems are categorized into two types: green 
façades and living walls [46].  

Green façades use climbing plants on walls or supporting 
structures and cover surfaces more slowly with fewer plant spe-
cies. In traditional green facades, the plants use the envelope as 
supporter material and growing media stays on the ground. 
[47], [48]. Compared to green facades, living walls necessitate 
additional essential materials, including support structures, 
growth substrates, and irrigation systems, to sustain a variety 
of plants. Consequently, the maintenance costs for living wall 
systems are considerably higher. However, living walls gener-
ally offer superior performance relative to green facades due to 
the use of pre-cultivated plants and their adaptability. Moreover, 
if issues with the plants arise, pre-cultivated plants can be easily 
replaced [14], [49]. The primary types of living walls are classi-
fied as continuous and modular systems, with the key distinc-
tion being the type of growing medium used. Continuous sys-
tems do not require traditional growing media, as they utilize a 
geotextile membrane as an alternative to soil. In these systems, 
plants are cultivated using hydroponic techniques facilitated by 
irrigation [23]. Figure 2 illustrates the green wall systems in de-
tail. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

FIG 2. THE COMPONENTS AND STRUCTURE OF A GREEN WALL. 
 
 

4.1 Effectiveness in Humidity Regulation 
Vertical greenery systems positively impact indoor humidity 

levels, which are optimal between 30% and 70% for spaces like 
classrooms and hotels. Studies have shown that green walls can 
increase relative humidity slightly, which often suffices for hu-
man comfort. For instance, Poórová et al. [50] reported that a 
room with a green wall had a relative humidity of 30.1%, com-
pared to 28.7% in a room without. Fernández-Cañero [51] found 
that green walls reduced room temperatures by 4°C to 6°C 
while increasing humidity over four months. 

 
4.2 Effectiveness in Temperature Regulation 

Vertical greenery systems offer substantial thermal ad-
vantages, including reduced energy consumption for cooling. 
Research consistently demonstrates their effectiveness in low-
ering indoor temperatures and cooling energy use (Table 1). 
Cheng et al. [52] found that vertical greening significantly miti-
gates heat flux and lowers indoor temperatures, leading to re-
duced air conditioning energy use. Supporting these findings, 
Coma et al. [44] reported a 58.9% reduction in cooling energy 
use with green walls, and double-skin green façades achieved a 
33.8% decrease. In Genoa, Italy, green façades led to a 26% re-
duction in summer energy consumption [53]. Dahanayake and 
Chow [43] reported exterior surface temperature reductions of 
up to 26°C in hot climates, with a 30% reduction in cooling en-
ergy use. Li et al. [54] further observed that partial greening in 
Ningbo, China, resulted in overall energy savings of about 28%. 

Additional studies highlight the cooling benefits of VGS. 
Jiang and Tang [55] found that extensive green roofs combined 
with night ventilation significantly reduced indoor 
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temperatures. Yang et al. [56] noted temperature reductions of 
0.6–1.1°C in double-skin green façades, and Sudimac et al. [57] 
observed reductions of 0.56–14.3°C in wall surface tempera-
tures. Afshari [58] estimated cooling load reductions of 5–8% 
and urban temperature decreases of 0.7–0.9°C. 
Indoor temperature management also benefits from VGS as 
well. Fernández-Cañero et al. [51] found a 4°C average indoor 
temperature reduction near an 8 m² living wall. Poórová et al. 
[50] recorded maximum temperatures of 35.5°C in classrooms 
with green walls, compared to 37.2°C without. Wang and Witte 
[59] projected up to 25.1% cooling electricity savings in Los An-
geles due to vegetation cooling. Abdo and Huynh [60] showed 
that VGS could reduce ambient temperatures by 0.5°C–3°C, de-
pending on whether active or passive strategies were employed. 

 
 

TABLE 1 
A COMPREHENSIVE OVERVIEW OF THE AIMS, KEY FINDINGS, AND 
COOLING EFFECTS OBSERVED IN VARIOUS STUDIES ON VERTICAL 

GREENERY SYSTEMS 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.3 Effectiveness in CO2 Reduction 
Vertical greenery systems also impact indoor CO2 levels and 

associated energy consumption. Tudiwer and Korjenic [11] 
found VGS could reduce CO2 levels by about 3.7%, though this 
reduction was accompanied by increased relative humidity. 
Meng et al. [61] demonstrated that integrating VGS with air 
conditioning systems led to a 10% reduction in CO2 levels. Re-
cent studies show that VGS can lower the need for fresh air and 
reduce ventilation energy consumption by 12.7% to 58.4%, with 
CO2 reductions of 12% to 17% [62], [63]. Poórová et al. [50] 
found a 14% lower increase in CO2 concentration with green 
walls compared to classrooms without. Yungstein and Helman 
[15] reported a 5% reduction in CO2 and a 20% energy saving in 
Heating, Ventilation, and Air Conditioning (HVAC) systems 
due to VGS, with reduced air circulation requirements.  

Overall, these studies illustrate that VGS can play a crucial 

role in reducing indoor CO2 concentrations and lowering en-
ergy consumption associated with ventilation. While VGS effec-
tively contribute to CO2 sequestration and energy savings, their 
impact on relative humidity must be considered to ensure bal-
anced indoor environmental conditions. 

5  PARAMETERS INFLUENCING VERTICAL GREENERY 
SYSTEM EFFICIENCYEQUATIONS 

The efficiency of vertical greenery systems in indoor envi-
ronments is influenced by various parameters, including plant 
species, light conditions, and CO2 levels. Different plant species 
have varying capacities for CO2 assimilation and cooling effects 
through photosynthesis and transpiration, which are also de-
pendent on indoor light and CO2 conditions [21]. 

 
5.1 Lighting and Substrate Conditions 

Optimal lighting and substrate moisture are crucial for max-
imizing the effectiveness of VGS in reducing indoor CO2 levels 
and moderating temperature. Low light and dry substrates can 
limit plants' ability to sequester CO2 and affect indoor relative 
humidity through reduced transpiration [10]. Indoor light lev-
els are typically 100 times lower than outdoor levels, ranging 
from about 1–50 μmol m−2 s−1 [64], [65]. Higher indoor light lev-
els, around 30–50 μmol m−2 s−1, are suggested to improve occu-
pant comfort [66]. 

Dominici et al. [21] observed that many plant species used in 
VGS experienced suboptimal lighting, resulting in negligible 
CO2 removal in typical workplace settings. Torpy et al. [67] eval-
uated CO2 assimilation for eight common indoor plant species 
by analyzing light response curves and light compensation 
points (LCPs). Their findings suggest that while some CO2 se-
questration is feasible under current indoor lighting, enhanced 
lighting levels could improve the efficacy of these plants in car-
bon capture. In a follow-up study, Torpy et al. [7] identified that 
the LCPs for these species ranged from 10 to 15 μmol m−2s−1 pho-
tosynthetic photon flux density. Given that these levels are typ-
ical of natural light conditions in many offices, CO2 absorption 
may be limited, with plants often releasing more CO2 than they 
capture. 

 
5.2 Plant Species and Environment 

Pennisi and Iersel [68] studied CO2 assimilation in 17 house-
plant species under different light levels and found that larger 
woody plants, such as Ficus benjamina, performed better in CO2 
absorption compared to smaller herbaceous species. Yungstein 
and Helman [15] assessed the carbon assimilation rates of six 
indoor plants—Peperomia obtusifolia, Tradescantia spathacea, Chlo-
rophytum comosum, Spathiphyllum wallisii, Aeschynanthus radi-
cans, and Philodendron hederaceum—under varying light condi-
tions and CO2 levels. They found that Spathiphyllum wallisii and 
Chlorophytum comosum had high assimilation rates under low 
light, and all species, except Philodendron hederaceum, were ef-
fective at high CO2 levels when light was adequate. Tradescantia 
demonstrated the highest cooling effect through transpiration. 

Charoenkit et al. [12] investigated the relationship between 
plant coverage, Leaf Area Index (LAI), and the cooling effect of 
green walls. They found a moderate positive correlation 

Reference Aims of Research Key Findings 
Cheng et al. 

(2010) 
 

Compare vertical greening with 
traditional concrete walls. 

Vertical greening more effective at reducing heat flux and indoor 
temperatures. 
Demonstrated effectiveness in reducing heat flux of vertical 
greening. 

Coma et al. 
(2017) 

Assess cooling energy savings 
of green walls and DSGF. 

Green walls reduced cooling energy use by 58.9%; DSGF by 
33.8%.  
No additional heating energy required. 

Katia Perini et al. 
(2017) 

Evaluate summer energy 
consumption with green 
facades. 

Buildings with green facades experienced a 26% reduction in 
summer energy consumption. 
Focused on seasonal energy savings. 

Li et al. (2019) Analyze effects of partial 
horizontal and vertical 
greening. 

Reduced cooling and heating loads by 8.8% and 1.85%, 
respectively, with potential overall savings of 28%. 

Jiang and Tang 
(2017) 

Study effects of green roofs 
combined with night 
ventilation. 

Significant reduction in indoor temperatures and heat gains on 
sunny days. 
Benefits of combining green roofs with night ventilation. 

Dahanayake and 
Chow (2017) 

Assess VGS impact on exterior 
temperatures and cooling 
energy. 

Reduced exterior surface temperatures by up to 26°C; 30% 
reduction in cooling energy consumption. 
Noted potential winter drawbacks. 

Yang et al. (2018) Evaluate cooling performance 
of DSGF on a university 
campus. 

Observed temperature reductions of 0.6–1.1°C, and up to 2.7°C 
in operative temperature. 
Focused on cooling performance in a campus setting. 

Sudimac et al. 
(2019) 

Measure temperature reduction 
of vegetation walls. 

Reduced external wall surface temperatures by 0.56–14.3°C. 
Significant range of temperature reduction. 

Afshari (2017) Use a model to estimate cooling 
load reductions. 

Estimated cooling load reductions of 5–8% and urban air 
temperature drops of 0.7–0.9°C. 

Poórová et al. 
(2020) 

Compare indoor temperatures 
with and without green walls. 

Maximum air temperature with green wall was 35.5°C, 
compared to 37.2°C without. 
Observed temperature difference in a classroom setting. 

Fernández-Cañero 
et al. (2012) 

Measure temperature reduction 
near an indoor living wall 

Average temperature reduction of 4°C near an indoor living wall 
of 8 m². 
No air circulation in the test area. 

Wang and Witte 
(2022) 

Model cooling electricity 
savings in Los Angeles. 

Maximum cooling electricity savings of 25.1% due to vegetation 
cooling. 
Focused on modeled savings in a specific location. 

Abdo and Huynh 
(2021) 

Evaluate temperature reduction 
with active vs. passive VGWs. 

VGWs reduced ambient temperatures by 0.5°C–3°C, depending 
on active or passive systems. 
Differentiated between active and passive systems. 

 
Reference Aims of Research Key Findings 
Cheng et al. 

(2010) 
 

Compare vertical greening with 
traditional concrete walls. 

Vertical greening more effective at reducing heat flux and indoor 
temperatures. 
Demonstrated effectiveness in reducing heat flux of vertical 
greening. 

Coma et al. 
(2017) 

Assess cooling energy savings 
of green walls and DSGF. 

Green walls reduced cooling energy use by 58.9%; DSGF by 
33.8%.  
No additional heating energy required. 

Katia Perini et al. 
(2017) 

Evaluate summer energy 
consumption with green 
facades. 

Buildings with green facades experienced a 26% reduction in 
summer energy consumption. 
Focused on seasonal energy savings. 

Li et al. (2019) Analyze effects of partial 
horizontal and vertical 
greening. 

Reduced cooling and heating loads by 8.8% and 1.85%, 
respectively, with potential overall savings of 28%. 

Jiang and Tang 
(2017) 

Study effects of green roofs 
combined with night 
ventilation. 

Significant reduction in indoor temperatures and heat gains on 
sunny days. 
Benefits of combining green roofs with night ventilation. 

Dahanayake and 
Chow (2017) 

Assess VGS impact on exterior 
temperatures and cooling 
energy. 

Reduced exterior surface temperatures by up to 26°C; 30% 
reduction in cooling energy consumption. 
Noted potential winter drawbacks. 

Yang et al. (2018) Evaluate cooling performance 
of DSGF on a university 
campus. 

Observed temperature reductions of 0.6–1.1°C, and up to 2.7°C 
in operative temperature. 
Focused on cooling performance in a campus setting. 

Sudimac et al. 
(2019) 

Measure temperature reduction 
of vegetation walls. 

Reduced external wall surface temperatures by 0.56–14.3°C. 
Significant range of temperature reduction. 

Afshari (2017) Use a model to estimate cooling 
load reductions. 

Estimated cooling load reductions of 5–8% and urban air 
temperature drops of 0.7–0.9°C. 

Poórová et al. 
(2020) 

Compare indoor temperatures 
with and without green walls. 

Maximum air temperature with green wall was 35.5°C, 
compared to 37.2°C without. 
Observed temperature difference in a classroom setting. 

Fernández-Cañero 
et al. (2012) 

Measure temperature reduction 
near an indoor living wall 

Average temperature reduction of 4°C near an indoor living wall 
of 8 m². 
No air circulation in the test area. 

Wang and Witte 
(2022) 

Model cooling electricity 
savings in Los Angeles. 

Maximum cooling electricity savings of 25.1% due to vegetation 
cooling. 
Focused on modeled savings in a specific location. 

Abdo and Huynh 
(2021) 

Evaluate temperature reduction 
with active vs. passive VGWs. 

VGWs reduced ambient temperatures by 0.5°C–3°C, depending 
on active or passive systems. 
Differentiated between active and passive systems. 
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between plant coverage and LAI with cooling performance. 
Plants with coverage above 100% and LAI above 3 showed ef-
fective thermal performance, while those with coverage above 
95% excelled in carbon sequestration. Dense foliage and me-
dium-sized leaves were associated with better temperature re-
duction, whereas woody plants, with higher carbon content, 
were most effective for carbon sequestration. 

 

6  CURRENT LIMITATIONS AND FUTURE OUTLOOKS 
Vertical Greenery Systems (VGS) encounter several key limi-

tations affecting their effectiveness and implementation. A pri-
mary challenge is maintenance; VGS require regular care, includ-
ing plant health management, irrigation, and pest control, which 
can raise operational costs and complicate their upkeep [69]. Ad-
ditionally, the high initial costs of VGS, due to specialized infra-
structure and installation requirements, can be prohibitive, espe-
cially for smaller projects or in financially constrained regions 
[70]. Climate and environmental conditions significantly impact 
VGS performance. Extreme temperatures or low sunlight can 
hinder their effectiveness, necessitating careful selection of plant 
species and system design to match local climates for optimal 
performance and durability [71]. Performance variability is also 
a concern; the benefits of VGS, such as energy savings and CO2 
reduction, can differ widely depending on design and location, 
highlighting the need for customized solutions and further re-
search [72]. The additional load and moisture from VGS can af-
fect building structures, potentially requiring modifications. This 
structural impact must be considered during design and plan-
ning to prevent unforeseen issues [73]. 

Looking forward, technological advancements could address 
these limitations. Innovations in materials and construction 
methods may reduce initial costs and maintenance needs, while 
improvements in plant selection and irrigation could enhance 
system resilience. Cost-reduction strategies, such as economies of 
scale and more affordable materials, along with financial incen-
tives, could make VGS more accessible. Future research should 
focus on developing VGS adaptable to various climates and op-
timizing performance through standardized guidelines and 
long-term studies. Additionally, integrating VGS with minimal 
impact on building structures through lightweight materials and 
innovative mounting techniques will be crucial. In summary, 
while VGS offers significant environmental and energy benefits, 
overcoming current limitations through technological improve-
ments, cost reduction, climate adaptability, performance optimi-
zation, and structural integration will be essential for their 
broader adoption and effectiveness in future urban and architec-
tural applications. 
 

7 CONCLUSIONS 
In modern society, efforts to make buildings more airtight to 

save on energy costs can worsen indoor air quality, as ventilation 
systems often result in heat loss and high energy consumption. 
Plants can help improve indoor air quality by reducing CO2 lev-
els, controlling humidity, and filtering pollutants. They also offer 
cooling benefits and psychological advantages. Key mechanisms 

include photosynthesis, which absorbs CO2 and releases oxygen, 
and transpiration/evapotranspiration, which cools the environ-
ment and improves air quality. Technological advancements in 
vertical greenery systems (VGS), such as green walls, have ad-
dressed several limitations of traditional potted plants by en-
hancing indoor phytoremediation and optimizing space. VGS of-
fer notable benefits including improved indoor air quality, effec-
tive pollutant removal, and significant energy savings through 
cooling and humidity regulation. Studies show that VGS can re-
duce indoor temperatures by up to 6°C, cut cooling energy use 
by up to 58.9%, and lower CO2 levels by up to 17%, contributing 
to both environmental and economic benefits. These effects are 
primarily influenced by factors such as plant species, light condi-
tions, and CO2 levels, with optimal lighting and substrate mois-
ture enhancing CO2 assimilation and cooling effects, while larger 
woody plants and dense foliage are found to be most effective for 
carbon sequestration and temperature reduction. However, chal-
lenges such as high initial costs, maintenance requirements, and 
climate-specific performance issues persist. Future develop-
ments should focus on reducing costs, improving maintenance 
strategies, and optimizing system performance across diverse cli-
mates to fully realize the potential of VGS in sustainable architec-
ture and urban planning. 
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