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Abstract: The work presented in this paper is part of dissertation research for the MSc Renewable Energy and
Architecture (https://www.nottingham.ac.uk/~lazmbg/MScREA). The research intended to investigate the
energy use of buildings in different urban settings, with a special focus on Jakarta, Indonesia. Urban human
settlements have been identified as responsible for about 76% of total global energy consumption which
corresponds to 60% of total global fossil fuel consumption currently and 71% of CO2 emissions related to non-
renewable energy [1]. The trend of increasing urbanization has occurred in almost all countries in the world.
This is considered a natural affair because urban life promises greater opportunities to get jobs, education,
health services and better social services to improve the quality of life [2]. According to the UN report on
World Economic and Social Survey 2013: Sustainable Development Challenges, more than half of the world's
population currently lives in cities and is estimated to be more than 70 per cent in 2050 [3]. Unfortunately, the
current development is quite massive, uncontrolled, and uses excessive energy which ultimately leads to
negative impacts on the environment such as climate change, global warming, greenhouse gases, air and
water pollutants, and fossil fuel use. Objectively, the buildings are legally responsible for 38% of all CO2
emissions [4]. In addition, the Intergovernmental Panel on Climate Change (IPCC) has explicitly stated in the
Fifth Assessment Report (AR5) that: In 2010, world buildings accounted for 32% of global final energy use and
19% of all Greenhouse Gas (GHG) emissions worldwide whereby this figure can double or even triple by 2050
[5]. In fact, global energy consumption will go beyond population growth [6].

The influence of these global trends also impacts the urban morphology and buildings that grow on
unsustainable paths. Steps to reducing energy consumption in buildings can be achieved by knowing the
aspects that have a substantial impact on efforts to reduce energy in buildings in urban design settings.
Starting from the background above, this research will investigate building thermal performance at the World
Trade Centre 5 in Jakarta as a 15-storey rental office building, by conducting parametric research using well-
known Building Energy Simulation software such as Energy Plus, and Autodesk Ecotect. A number of
simulations were conducted in several scenarios using mixed-mode systems on Heating, Ventilation and Air
Conditioning (HVAC) at temperatures 20°C - 24°C. In the first experiment, the orientation of existing building (-
45°N) will be rotated every 90° starting from the north at 0°N to west at 270 °N. Furthermore, the scenarios in
the parametric study were carried out by placing several neighbouring buildings that have the same height as
the main middle building. The investigation also included placing the main building in different urban densities.
In addition to Jakarta, simulations were also carried out in several other cities with different latitudes namely
Jeddah (21.4°N), New York (40.7°N) and Helsinki (60.1°N). Simulations carried out on floors 1, 8 and 15 show
the same pattern at the peak of the hottest days of each city. The higher the height of the building, the higher
the air temperature in the room. Different patterns occur at the peak of the coldest day, where buildings in
Jakarta and Jeddah show upward graphs, while in New York and Helsinki, the temperature of the 1st floor is
lower than the temperature of the 8th floor while the lowest air temperature is on the floor the top.

The comparison of heating and cooling load calculations shows that the peak of monthly cooling load in
Jakarta occurred in October of 15.76 kWh and the lowest in February was 8.42 kWh. Jakarta and Jeddah, each
of which has a tropical climate and hot dry do not require indoor heating. In contrast, in New York and
Helsinki, HVAC systems are more widely used for heating, especially in winter. In Helsinki, the peak of monthly
heating loads occurred in January at 34.02 kWh and the lowest in July at 0.21 kWh.

Besides showing the influence of building orientation and the level of surrounding building density on the
gaining of solar radiation on the surface, finding from this study also include the fact that both parameters can
also cause differences in indoor air temperature on each floor of the building.



Overall, the results presented in this study try to contribute to the application of urban design, both existing
and new. In addition, this finding is expected to increase public consciousness of energy efficiency in buildings,
in order to overcome the problem of global energy security, access to solar energy and sustainable
development.
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1. Introduction

Building sector and construction consumes 36% of global energy and produces almost 40%
CO2 emissions. This energy use has the potential to triple from the current trend in which
world population continues to grow, urbanization, changing lifestyles, and increasing living
standards globally will all contribute to a significant increase in energy use [7]. In the next 25
years, CO2 emissions generated from buildings will defeat any sector such as industry and
transportation, where emissions from commercial office block will growth by almost 2%
every year until 2030 [8]. Most of these emissions come from burning fossil fuels to
distribute heating and cooling, lighting, and electrical equipment in buildings.

Building energy efficiency is expected to be able to achieve International development
targets at the Sustainable Development Goal 11 in 2030 which aims to "realize cities,
settlements including the people living in a safe, resilient and sustainable atmosphere".
Cities are divided by area, economic level, population and climate [9]. Cook [10] argues that
efforts in bioclimatic planning today are individual concentrated on a small scale, such as a
single building. Moreover, in urban areas, these efforts are considered to be still quite low.
Therefore, the right steps are needed so that sustainable city development goals can be
achieved.

2. Methodology
Current research is intended to discuss the relationship between solar energy, urban
planning, and energy consumption in buildings. This will focus on building the thermal
performance of the World Trade Centre 5 as a rental office building in Jakarta by testing
several categories of scenarios (see Table 1) such as building orientation, surrounding
building, the height of the building and urban density. This study chose four different
latitudes, i.e. Jakarta (6°S), Jeddah (21°N), New York (40°N) and Helsinki (60°N) to find out
the thermal performance of buildings on each location.

Several tests were carried out on Energy Plus and Ecotect to determine solar radiation
received on building envelopes, indoor hourly temperatures, total heat loss gain, and the
heating and cooling loads of buildings.
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3. Results and Discussion

As shown in Figure 1 in the first comparison, the orientation of the building has an
important influence in the effort of building envelopes to receive solar radiation. Conversely,
in the urban density category, the variance in each scenario is insignificant.
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Figure 1 Comparison of Solar Radiation Received on Building Envelope in Jakarta



7.00E+05
6.00E+05
5.00E+05
4.00E+05
3.00E+05
2.00E+05
1.00E+05
0.00E+00

7.00E+05=

6.00E+ 0;
5.00E+05
4.00E+05
3.00E+05
2.00E+05
1.00E+05
0.00E+00

In Figure 2, variations in indoor hourly temperature were mostly seen in the building
orientation category. Meanwhile, with no temperature differences in each scenario in the
urban density configuration, this category can be ignored.
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Figure 2 Comparison of Indoor Hourly Temperature in Jakarta
Also, the comparison of the total heat loss gains describes that all simulated
categories affect the heat loss and gain of the building. Varied results are shown in the
building orientation group. In tropical and hot climates such as Jakarta and Jeddah, buildings
can obtain sufficient heat and even excess, specifically on the hottest day. With the passive
cooling method in the overheated period, occupants can stay in the thermal comfort zone.
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Comparison of Total Heat Loss Gain
on Height of the Building Scenario Floor 1 in Jakarta
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Figure 3 Comparison of Total Heat Loss Gain in Jakarta
In the final comparison, it is revealed that in addition to the category of building
orientation, which can affect the heating and cooling load is the height of the building
category. In several conditions, as seen on the 8th floor, the differences in each scenario can
create a fairly wide distance.
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Figure 4 Comparison of Monthly Cooling Load in Jakarta
One concern of this finding is in overheated, and under heated periods, the energy
required by buildings is enormous for heating and cooling loads at each location. But then
again looking back at the amount of solar radiation and other available energy potentials,
the energy needs at critical times can be balanced.

4. Conclusion

Based on the research findings from many categories tested, building orientation
significantly affects the thermal performance of buildings such as solar radiation as well as
total heat loss and gain which are closely related to building energy consumption.
Nevertheless, some tests in other categories still show differences, although not significant.
Next, the important points in improving energy performance are building harmony with the

environment, introducing good knowledge of the local climate and complete investigation
of a chosen location before starting to design. For example, in some thermal analyses in this
study, it was seen that the use of excess energy. This is because the material properties
used do not adapt to the local building climate. Besides, pay attention to design elements
such as window placement, thermal mass, aperture, shade, and building materials used. To
prevent overheating and reduce heat loss from a building, use the lowest possible U value
on a surface that will divide hot and cold areas

Finally, to create energy awareness in urban planning, an effective strategy is needed
to improve the energy performance of cities. Thus, in the long run, it can bring cities with
better energy performance and contribute to addressing the global issues of energy access,
energy security, and sustainable growth.
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