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Abstract
The rapid development in developing countries causes decreasing in the green area
which leads to the environmental problem. Increasing heat transfer in the building
envelope push more energy, especially for air conditioning. Although vertical greenery
system is not a new concept, however, the building planners do not use it as one of
an alternative design for energy saving yet. This paper will present a study on the
office building with vertical greenery system as a building envelope in the tropical
area, Indonesia. Data collection was done during summer time, in October 2013. There
is two data analysis, based on the field measurement and Ecotect simulation. The
result indicates that during data measurement at 05.00 a.m – 06.00 p.m. chamber with
vertical greenery system has cooler surface temperatures and smaller in heat transfer.
The peak temperatures of the exterior and interior facade with vertical greenery system
are 29.13∘C and 25.41∘C, respectively. While for bare wall facade are 32.30∘C for
exterior facade and 30.79∘C for the interior facade. The results from the study proved
that applying vertical greenery system on the building facade can reduce the heat
transfer from the exterior facade to the interior facade

Keywords: building envelope, Ecotect simulation, surface temperature, vertical
greenery system

1. Introduction

Studies in urban climatology highlighted the variety of urban surface covering material
related to the energy balanced, both for macro and micro scale. The increasing of
building densities resulting in the higher temperatures in the urban area that leads
to Urban Heat Island (UHI) phenomenon [1–3]. It can be seen that the less greenery
aspect in the city, the demand for HVAC systemwill increase, especially in the hot-humid
climate area. In the other hand, most of the countries in the world, expected building
to realize energy efficiency through active or passive design strategies. Because the
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biggest percentage of energy consumption for any building in a hot-humid climate is
for air conditioning followed by artificial lighting [4].

Utilize the building facade area, vertical greenery system can be applied in the
whole building envelope of multi-story buildings to alter the microclimate problem
around the built environment [5]. Especially in dense urban area, where the area of
the wall of the high rise building promising a large portion for greenery area compare to
ground area and create potential benefits for cooling down the city scale [6, 7]. Further
information said that the large surface of the green facade could improve air quality,
urban biodiversity, and mitigation the effects of urban heat island [8–10].

Among the most important factors of vertical greenery, the system is the ability
to shade the building facade from direct solar radiation that affecting the thermal
performance of the building. It leads to the external surface temperature reduction
and consequently reduces cooling energy consumption. Furthermore, the heat transfer
mechanism on the facade with the vertical greenery system is different from the bare
wall, due to the interposition of the foliage between the outdoor environment and the
building envelope [11]. The outer layers of the foliage cover act like optical filters, while
the deeper layers act like insulation [12].

Numerous studies proved the ability of vertical greenery system to minimize energy
consumption in a building. First, a study conducted by [13], said that external shading
devices could either be made of building materials or living plants and could reduce
the indoor cooling load by 30% compared to the use of high-performance glazing [14].
A study in Penang also proved a reduction up to 6.4∘C for the facade with vertical
greenery system [15]. Another study conducted by Widiastuti et al. [16], explained that
longer thermal lag found in the facade covered by vertical garden and beneficial to
reduce cooling load during peak time.

The present paper aims to study the benefits of vertical greenery system as passive
design strategy based on the Ecotect simulation. Data measurement conducted from
one of the government buildings, PT. Pertamina located in Semarang City. The signifi-
cance of this research is to understand how the vertical greenery system can contribute
to lessening the cooling energy consumption.

2. Research Method
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2.1. Objek study

The investigation was conducted in Semarang city located at 6∘58’43.000”S and
110∘24’59.522”E using one of the facades in the building of PT. Pertamina can be seen
in Fig. 1. Data measurement conducted during summer time. The weather condition
is hot and humid with an average temperature of 28,8∘C. The lowest temperature
recorded at 26.6∘C while the highest temperature at 29,5∘C. The average humidity is
relatively high at 62.3%. It varies between 44% to 70%. The wind is dry and hot with the
average wind speed varies from 4.7 m/s – 7.6 m/s [17].

Figure 1: Location of data measurement, the office of PT. Pertamina [18, 19].

The kind of vertical greenery system is using a geo-textile system that consists of an
aluminum structure, a PVC panel and felt layers [16], can be seen in Fig.3. Based on
the observation, the plants are growing in the plant pockets which are always irrigated.
Plants selection used small shrubs that placed in plant pockets with automatic watering
system. At the top and side of the vertical garden is a flexible pipe for the irrigation.
The water flow through the nozzle and the distance between each nozzle is 15 mm. In
this study, the vertical greenery system is installed on an external not insulated wall on
the second floor.

This paper employs the quantitative approach for data collection through Ecotect
simulation. This programwas developed byDr. AndrewMarsh and SquareOne Research
Ltd. that was acquired by Autodesk [20]. The Ecotect analysis offers a wide range
of simulation and building energy analysis functionalities to visualize and simulate a
building’s performance within the context of its environment [21]. The program can be
used to create analysis model from scratch or to expand it from the imported data
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Figure 2: Detail of vertical garden model (a). Pocket plant and nozzle; (b). Irrigation pipe; (c). Types of the
plant in the vertical garden model [16].

and also can perform a large number of specific types of thermal, solar, lighting and
acoustical analysis [22].

The previous study conducted by Yin et al. [23] simulated a renovation of the existing
building using Ecotect. In this study, two aspects are mentioned, building envelope
material and indoor loads. The U-value as thermal resistance was used for steady-
state on the modeling/calculation. The U-value divided into old material and new mate-
rial for renovation suggestion. The old materials are u-value for existing brick walls
(1.232 W/m2K), non-insulated roof (3.3775 W/m2K) and old single glazed-window (5.5617
W/m2K). While for new materials, change old single glazed-window to be Low-Emissivity
(Low-E) double glazing. The conduction heat losses reduce around 2.867 kWh - 2.607
kWh. Furthermore, insulation materials were used to external walls that made the
conduction heat losses reduced around 2.867 kWh to 2.635 kWh. The result from
Ecotect simulation proved that building energy consumption can be reduced almost
38.387 kWh if existing building material changes into new materials that have good
insulation.

2.2. Method

Fig. 3 provides the steps of the method in this study. The measurement of the following
variables was done to make sure that the results are accurate and reliable on all
categories:
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1. Exterior and interior surface temperature

2. Exterior and interior space temperature

3. Exterior and interior humidity

4. Wind speed

The dependent variables are the temperatures and the humidities. The efficiency of
the vertical greenery system was determined according to their capability to reduce
the cooling load of the building in comparison with the bare wall condition. The less
energy needed to reduce the cooling load indicates the more efficient vertical greenery
system.

Figure 3: Workflow of research method in the study.

The object study selected for the simulation is a three stories office building located in
Semarang City [16]. The illustration can be seen in Fig. 4. A chamber in the second floor
used as a room with vertical greenery system and a chamber in the third floor used
as data measurement for bare wall model. The condition of the multi-story building
made the data related to wind speed difference between the second floor and third
floor. Possibility, the result will be different. Therefore, due to the dissimilar condition, it is
very unsafe to compare results directly. The chambers are equipped with windows in the
front and sides. However, during data measurement, the windows always closed. While
the vertical greenery system was using various types of plants as greenery elements
such as Phalaenopsis sp., Dracaena warneckii and some of the local climber plants,
can be seen in Fig. 5.

In this study, some of the measurement tools were used, like the following:

1. Hygro thermometers are used to measure air temperatures and air humidities on
the exterior and interior space placed at the middle of the chamber.
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Figure 4: Schematic representation of the object for data measurement.

2. 4 In 1 Environment Tester LM-8000 to measure wind speed near the facade at a
distance 50 cm.

3. Infrared-surface thermometer to measure the exterior and interior surface temper-
atures. To collect the accurate data, the facades surface, both exterior and interior
of chambers are divided into twenty-one measurement points. They are seven on
the bottom, seven on the middle and seven on the bottom. The data of surface
temperature are the average from the twenty-one measurement points.

While for data collected was done at 1-hour interval and the illustration of measure-
ment points can be seen in Fig. 6.

2.3. Ecotect simulation

To determine the effectiveness of the vertical greenery system, a strategy was intro-
duced based on Ecotect simulations to gather accurate value of heat transfer perfor-
mance on the object study. In this study, Ecotect program is used for analysis at the
stage of conceptual design (initial design). However, it also can be used for analysis at
the development stage of the building.

The simulation process involves the application of several steps as described in Fig.

3 to ensure that the process is clearly well thought and reliable results can be achieved.
The details of the process of simulations follow:
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Figure 5: Application of vertical greenery system in object measurement [13].

Figure 6: The illustration of measurement points (a). Chamber with vertical greenery; (b). Chamber with
bare walls.

1. Draw model of the chamber, which includes the floor plans, elevation, and section
in the scale of 1:50 using Autodesk Revit. The total floor area for each chamber
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is 9.9 m2. There is two models of chamber, first for chamber with bare wall and
another one is a chamber with the vertical greenery system, can be seen in Fig.

7.

2. Import the 3Dmodel in Ecotect. Choose the orientation, location, date and weather
data. The orientation of the building is east, and the building is located in Semarang
City.

3. Choose the building materials from the library or add materials. These materials
must be constant for all simulation since different types of material might affect
the results. For the model with vertical greenery system, the chosen material was
equal with material that has characteristic the same as a plant.

4. Simulate energy efficiency based on the datameasurement of the chamberwithout
vertical greenery system. Record the result.

5. Apply the second type of chamber and record the results.

6. Discuss and analyze the results.

Figure 7: Basic 3D model from Revit.
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3. Analysis

The result from Ecotect simulation shows the shadow effect of the vertical greenery
system in the thermographic pictures, can be seen in Fig. 8. First, by comparing to the
bare wall model (Fig. 8a) where the overheating due to solar radiation and the second
for the model with vertical greenery system (Fig. 8b).
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Figure 8: Ecotect simulation result on the profile of surface temperature (a). Chamber without vertical
greenery system; (b) — Chamber with vertical greenery system.

In Fig. 8b, it can be seen the significant contribution of vertical greenery system to
the solar radiation resulting in the high reduction on the temperature performance of
building envelope compared to the chamber without vertical greenery system, can be
seen in the Fig. 8a. The color of surface with vertical greenery system was blue, about
at scale 28∘C - 29∘C that means was cooler while the model with the bare wall was red,
nearly at scale 31.5∘C – 32.5∘C.

Result of the simulation was compared with data from field measurement. As it
was shown, simulation result fit in with the graph of data measurement where the
temperature of the chamber with vertical greenery system was lower than the chamber
without vertical greenery system, for surface temperatures, can be seen in Fig. 9.

In the afternoon when outside temperatures are at their highest, vertical greenery
systems have a significant effect on temperature reduction. When direct solar radiation
hits the plants on the west side, cooling effect and the shade provided by the vertical
greenery systems effectively reduce the temperature during the afternoon.

Based on the data measurement, the difference between the average of surface
temperatures of the facade with and without vertical greenery system is 3.72∘C for the
facade with vertical greenery system and 1.51∘C for a bare wall.

DOI 10.18502/kss.v3i21.5003 Page 682



ISTEcS 2019

Figure 9: Surface temperature profile of the chamber with and without vertical greenery system (Note: VGS
Vertical Greenery System; BW Bare Wall).

Result also shows that during data measurement, the highest temperature of the
facadewith the vertical greenery system reach at 29.13∘C for exterior facade and 25.41∘C
for the interior facade. While for the facade with the bare wall are 32.30∘C for exterior
facade and 30.79∘C for the interior facade. The differences in peak temperatures are
3.17∘C for exterior surface and 5.38∘C for the interior surface. The higher contrast in
the facade with vertical greenery system because the gap between exterior and the
interior facade is bigger. Nevertheless, results from this study proved that applying
vertical greenery system on the building facade can reduce the heat transfer from the
exterior facade to the interior facade. However, further analysis needs to be done to
calculate the amount of heat transfer that can be reduced.

4. Conclusion

A continuation of long term research to study the potential of vertical greenery system
as passive cooling design for energy saving, a data measurement in the facade with
covered by vertical greenery system was done. The influence of vertical greenery
system toward thermal performance in the building based on the Ecotect simulation
analysis is the main goals in this study.

Based on the data measurement and Ecotect simulation, chamber with vertical
greenery system has lower temperature and smaller in heat transfer. Respectively,
the difference between the average of surface temperature on the facade with and
without vertical greenery system is 3.72∘C and 1.51∘C. Result also shows that peaks of
surface temperatures on the facade with the vertical greenery system are lower 3.17∘C
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for exterior surface and 5.38∘C for interior surface compare to facade without vertical
greenery system.

The higher difference possibility due to the bigger on the gap between exterior and
interior facade. Results from this study proved that applying vertical greenery system on
the building facade can reduce the heat transfer from the exterior facade to the interior
facade. However, further analysis needs to be done to calculate the amount of heat
transfer that can be reduced.
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