
An experimental study on bioclimatic design of vertical greenery systems in the 

tropical climate 

Badrulzaman Jaafar
1
, Ismail Said 

1
, Mohd Nadzri Md Reba 

2
 and Mohd Hisham Rasidi 

1
 

1
 Department of Landscape Architecture, Faculty of Built Environment 

Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia 

2
 Institute of Geospatial Science and Technology (INSTeG), 

Faculty of Geoinformation and Real Estate, 

Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia 

Tel: +6013 6068 692, Fax: +603 7804 8909, E-mail: badrazj@gmail.com 

 

Abstract 

This paper presents the use of bioclimatic design using vertical greenery system (VGS) for building. The design refers 

to the temperature and humidity conditions that make human comfort and minimize energy consumption particularly in 

reducing the urban heat island effect. Using vertical plant in front of the building envelope decreases the surrounding 

temperature. It shows that the lower wind speed and higher humidity on microclimatic layer is characterized by a VGS 

that reduce energy consumption for cooling and heating of buildings. This means that the VGS acts as a wind barrier and 

verifies the effect of evapotranspiration from plants. In this study, the focus is on living walls and green facade conducted 

through free-standing in front of the inner layer of building corridor. It aims to measure the temperature and relative 

humidity in creating a thermal comfort environment. Two vertical greenery systems consisting of modular living wall 

and green cable facade were installed at the east-corridor wall along 3rd floor of a 5-storey building wall in Petaling Jaya, 

Malaysia. Two series of experiments were carried out for temperature and humidity using a Hobo U12-006. The results 

showed that the cooling effect of modular system is higher than cable system. It implies that the modular design and lush 

vegetation influence the effectiveness of VGS. 
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1 Introduction  

In the past, comfort is derived using natural resources. Now we tend to rely solely on mechanical systems, forget about 

the benefits of passive solar design and natural resources such as wind, water or sun. Bioclimatic design aims to build in 

harmony with the weather rather than in opposition to it. Bioclimatic design is characterized by a willingness to adapt to 

the environment. This type of design allows substantial savings in air conditioning and lighting. Just by correctly 

orienting the house, using insulation to its best advantage and correctly placing openings (windows and doors), you can 

save between 30% and 40% on energy bills. Then there are natural or passive air conditioning systems, some of which 

have been around for hundreds of years and offer savings without generating extra costs. In bioclimatic design, there are 

no set construction models. What works in one climate does not as a rule work in another. In warmer climates, the main 

facade is best oriented to the north and protected with shading elements. This condition is caused by the characteristics of 

the hot humid climate with summer temperatures (>20°C) and moderate to winter (>0
o
C). Annual precipitation and 



humidity are high with frequent rain shower. Freezing temperatures are uncommon, and relatively minor diurnal 

temperature fluctuations are typical (Harris and Dines, 1998). Thus, site planning and design should seek to increase 

shade, cooling from evaporation, and breezes. 

Living wall or green facade are very useful in warmer regions. They tend to be used on the western and southern 

facades of buildings, which receive the most sunlight (Ali-Toudert and Mayer, 2007) that is preventing the sun’s rays 

from hitting the dwelling directly. Moreover, the distance between the plant layer and the constructed wall serves as 

insulations: the vegetation cool the layer of air that is in contact with the wall of the house by means of evaporation of 

water on the surface of the leaves (Peck et al., 1999). In this way, the surface temperature of the wall falls and less heat 

transfers to the dwelling. On the north facade which is the coolest since it does not face the sun, the microclimate 

obtained between the two walls is ideal for ventilating the home with cool air. 

Rapid urbanization and the concern for climate change have led to a growing trend to bring nature into the cities 

(Chiang and Tan, 2009). Due to urbanization, urban heat island effects have become a serious problem. Greenery is 

expected to be an effective countermeasure, and much research is available regarding green roofs, green walls, street 

trees and parks. In Malaysia, the use of vertical green system (VGS) is still new and need more exposure to the best 

practice related to a method of increasing human comfort and reduces energy consumption. Therefore, the approach of 

the Look East Policy adopted by Malaysia since 1982 is able to provide the best examples of VGS practice in Japan. 
In Japan, vertical greenery system is widely used to reduce the urban heat island effect. This has been proved by the 

action of the Federal Government of Japan and major cities offer incentives to developers to install green facades, living 

walls and green roofs (Carpenter, 2008). Tokyo experienced poor air quality and climate change in the early 90s. The 

average temperature is now 5 degrees F (3°C) higher than it was 30 years ago. On tall buildings, the ratio of wall surface 

to roof area is much higher. In the 1990s, Japanese municipalities and agencies of the Federal Government are aware that 

the concrete high-rise buildings are the dominant form of urban development, which contribute to the Urban Heat Island. 

Therefore, the Japanese government has funded the installation work and research for lung Bio measuring 500 'long and 

40' high green walls. The results showed that 30 different green wall systems supplied by 18 different manufacturers in 

Japan have lowered the temperature of the building (Carpenter, 2008). Results of the study, the act were drafted by the 

Tokyo Metropolitan Government (TMG) in April 2001. It requires all roof and wall surface greened in any new 

construction projects with greater effect than 1,000 m2 (250m2 to public utilities).  

In this paper, experimental investigation of temperature and percentage of moisture at the surface of the VGS in front 

of the corridor is presented. The basic element of the study is a modular system and the cable system is installed next to 

each other. For this study, the ability to enhance the effect of high cooling by evaporation cooling achieved through a 

modular system. 

2 Literature Review 

The meaning of vertical greenery systems were collected from various research sources that produce significant 

picture on terminology of vertical greeery system. Peck et al. (1999) and Bass and Baskaran (2003) refers to the way in 

that the plants can be grown on, above, or in the walls of the building. This view is supported by Köhler (2008) and 

Dunnett and Kingsbury (2010) which states that vertical green is the result of greening vertical with plants, either rooted 

in the ground, the wall material itself or in modular panels attached to the facade to cover the building with plants and 

can be classified into the facade greening and living wall systems. Perez et al. (2011) have proposed a classification 

system called green vertical system. This proposal is consistent with Wong et al. (2009) and Cheng et al. (2010) refers 

vertical greenery system (VGS) is comprised of the green facade and living wall. In this classification, a significant 



difference between the vertical greenery system detailed comparisons can be made. It is through the construction of 

different methods, plant species are grown, and the support structure and the materials used are dominant. Vertical 

greenery system concepts can be divided into two main categories such as green facades (support system) and living wall 

systems (carrier system) according to their growing method. 

2.1 Temperature reduction by vegetation  

Studies on the effect of the use of plants in vertical greenery system are different according to its purpose. It includes 

how they control the amount of solar radiation, reducing the cooling load and improve internal and external thermal 

environment. Papadakis et al. (2001) showed that the solar radiation incident on the shaded by trees (100 W/m
2
) is far 

lower than the area without shade (600 W/m
2
). Stec et al. (2005) reported that the temperature of the different layers of 

the double-skin facade generally lower if the of plants is used instead of blinds in interior space. This is due to of plants 

surface temperature does not exceed 35
o
C compared blinds which recorded temperatures above 55

o
C. The installation of 

plants inside double skin facade can reduce the energy consumption of air conditioning system energy up to 20%. This 

study was strengthened by “Bioshader” experiment conducted by Miller et al. (2007) at the University of Brighton, 

United Kingdom, where it is reported that there is a temperature difference if double skin facade installed on the 

windows office, and have been compared with other office without plants. Results show a reduction of internal 

temperature measurement 3.5 - 5.6
o
C. Another study by Wong et al. (2010) on a free-standing wall in Hortpark 

(Singapore) with the type of vertical greening showed maximum reduction of 11.6 ° C. This indicates that the greened 

façade less heat adsorbed not greened façade and reveals itself in less heat radiation during the afternoon and evening. 

2.2 Humidity increase by evapotranspiration  

Evapotranspiration process of plants occurs through evaporation cooling of the leaves depends on the type of plant and 

exposure. It also includes the influence of climatic conditions. Dry environment or the effects of wind can increase the 

evapotranspiration of plants. In the case of vertical greenery systems, evaporative cooling from the substrate becomes 

important especially for the effect of substrate moisture (Pérez et al., 2011). Vertical greenery system can produce 

changes in ambient conditions (temperature and humidity) of green space between the screen and the wall of the 

building. This layer of air can produce a cooling effect on evaporation. Pérez et al. (2011) verified that a microclimate 

between the wall of the building and the green facade is created, and it is characterized by slightly lower temperatures 

and higher relative humidity. As a consequence, especially in warmer climates, the cooling potential can lead to 

significant energy savings for air conditioning (Alexandri and Jones, 2008). Sheweka and Mohamed (2012) found that 

high humidity offset the thermal comfort especially when temperatures are high and there is no wind to overcome 

thermal discomfort. Therefore, it is important to consider the location of the green wall in a closed place because it can 

affect the temperature and humidity. 

Evapotranspiration is the process by which water is transferred from the land to the atmosphere through transpiration 

from plants. It shows that plants provide a cool environment where the land and the plants become perfect insulator 

(Papadakis et al., 2001; Wong et al., 2003). Vertical greenery system is an excellent way of saving on air conditioning, 

and their advantages do not end there. It is one of the solution to improve the thermal performance of vertical greenery 

system is to cover them with vegetation. Living wall and green facade enhance thermal comfort in building environment 

both indoor and outdoor by reducing heat transfer to and from building envelope (Stec et al., 2005). They shade buildings 

from solar radiation, absorb solar radiation for photosynthesis and evapotranspiration, reduce solar reflection and 

re-radiation to atmosphere (Wong et al., 2010). 



3 Methodology  

An experimental approach used in this study consists of two panels vertical greenery system characterized as green 

facades and living walls are installed in front of the 5-storey office building corridor in Petaling Jaya, Selangor, Malaysia 

(Fig. 1). Two experiments were carried out to compare the air temperature and humidity in the internal corridor. The 

outdoor temperature and relative humidity were measured 30 cm from the facade using an HOBO U12-011 (Onset 

Computer Corporation, Massachusetts, USA) (Jim and He, 2011; Sunakorn and Yimprayoon, 2011) humidity and 

temperature data logger (+ 2.5% accuracy for RH and + 0.35
o
C accuracy for temperature). Measurements of temperature 

and relative humidity are made on the surface of the vertical greenery system in which it is facing towards the north. It is 

measured at two different points (1000 mm, 2000 mm from the bottom of the corridor) for each panel (living wall and 

green facade). These measurements were recorded with a data logger (Hobo U12-011 Temp\ RH, Onset Com, USA) 

every 30-minute period of time ranging from 27 - 31 May 2013.  

 

 

  

Fig 1. Vertical greenery systems 

4 Findings and Discussion 

This paper presents the results of experimental studies conducted for five days as the reference. The focus of this 

study is to obtain data on the effect of living walls and green facade in the internal corridor. In this study, the effects of 

temperature and relative humidity on experimental plots at the site were evaluated.  



4.1 Temperature 

Results in Table 1.1 show that the average temperature on the three plots is very different according to the type used 

of VGS. Results in modular system are lower (29.8
o
C) and living wall (30

o
C) compared to control (30.6

o
C). These results 

suggest that a decrease in temperature occurs in the use of vertical greenery system in the corridor. Maximum 

temperature taken from the living wall is 37.4
o
C, which is higher than the green facade at 33.9

o
C. This occurs because 

more sunlight can penetrate to living wall with cable system compared to green facade thickness and dense vegetation 

(Cheng et al., 2010). Thus, through the use of green facade with modular system, it verified more effective in providing a 

cooling effect. This is because the highest temperature was 45.8
o
C without any vegetation on the surface of the wall. It 

suggests that more heat energy into the non-shaded wall causes higher surface wall temperature (Papadakis et al., 2001).  

Table 1.1:  Comparison of temperature by vertical greenery system 

Type of VGS Max (
o
C) Min (

o
C) Mean (

o
C) Std.Dev. 

Control 45.814 24.171 30.628 5.948 

Living Wall System 37.453 25.965 30.014 2.793 

Modular System 33.966 26.329 29.842 2.183 

 

4.2 Relative Humidity  

There are significant differences derived from the study site. Table 1.2 shows the average percentage of relative 

humidity on three plots including the control. The study found that the use of green facade with a modular system 

produce high humidity (71.7%) compared to to the living wall system (70.3%). It happened because 5 - 30% of the 

remaining solar radiation is passing through the leaves and is affecting the internal climate of buildings when it passes the 

façade or roof (Perini et al., 2011). Both systems show similarities if referred to the maximum percentage of humidity, 

where the living walls (86.7%) and green facades (86%) compared to with the controls (96.7%). However, due to heavy 

rain, the percentage of humidity in the control record the highest reading. It is in line with studies by Sheweka and 

Mohamad (2012), which states that high humidity compensate thermal comfort especially when temperatures are high 

and there is no wind to overcome thermal discomfort. Therefore, it is important to consider the location of the green wall 

in a closed place because it affects the temperature and humidity. 

Table 1.2:  Comparison of relative humidity by vertical greenery system 

Type of VGS Max (%) Min (%) Mean (%) Std.Dev. 

Control 96.791 28.548 70.635 19.718 

Living Wall System 86.797 49.759 70.397 11.562 

Modular System 86.031 52.944 71.703 9.864 

 



5 Conclusion 

Vertical green system industry in Malaysia is in its infancy and it is important to ensure that the opportunities 

available for knowledge transfer and exchange. Expertise and knowledge of the has has proven effective within Japan. 

From the experimental results, it is clear that the temperature drop in the corridors occur in green facade compared to 

living wall. This is due to the moisture available in modular due to the stagnant watering. This situation contrary to the 

living wall system that uses a cable system can not absorb moisture. This research can be further developed to produce a 

more effective cooling method. It has the potential to be expanded for the validity of the temperature drop through the 

use of VGS. However, it can only be proven if the study period is longer than one month. This is due to the need to 

obtain patterns of temperature and humidity that influence the effectiveness of bioclimatic design. It also indirectly will 

provide space for discussion and study on the species and morphology of plants suitable for use in this method. Other 

parameters are proposed to be conducted specific studies are aesthetics, the thickness profile, weight, ease of 

maintenance, ease of construction, type of plant and the cost. 
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