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Abstract  

Energy efficiency can be described simply as using less energy to do the same job, which 
is to minimize energy waste. Buildings are expected by most nations to attain an energy-
efficient rating, which may be done effectively via monitoring thermal load. Nowadays, with the 
advanced technology and new software, there are many tools that can be used by the 
designer to help them in achieving the energy efficient building status. Therefore, by using 
Building Information Modelling (BIM) software, energy optimization can be explored and 
analyzed effortlessly at the early design stage. However, this software is not being used by all 
building professionals in a project since not all consultants own this software, thus hindering 
the coordination among them. Consequently, the exploration of BIM software is limited and 
sometimes overlooked and left too late at the end of the design process thus eliminating its 
maximum potential. Hence, this paper aims to study the capability and competency of BIM 
simulation tools software through Autodesk Revit in helping the designers to evaluate and 
analyze energy optimization in a building; therefore, helping with the design decision making. 
As for simulation, office building has been chosen to be evaluated concerning the energy 
optimization on thermal load by manipulating various materials thermal transmittance. Based 
on the analysis report, it is easy to determine the best measure for energy optimization 
regarding the thermal load value. In conclusion, along with the designer skills and knowledge, 
energy simulation tools of the selected BIM software does have the capabilities to help 
designers explore various methods at the early stage before the commencement of any 
building. Lastly, we would like to suggest any future studies related to this topic to experiment 
with different simulation tools or software. 

 

Keywords: energy efficient; BIM software; energy simulation tools, thermal load 

 

 

1.0 INTRODUCTION   
 
Energy efficiency can be described simply as using less energy to do the same job, which 

is to minimize energy waste. A method of minimizing energy consumption is used to produce 
the same amount of beneficial performance. Energy efficient buildings refer to buildings that 
are created and built to provide and have a substantial reduction in the energy requirement for 
heating and cooling, regardless of the resources and equipment chosen for heating or cooling 
the building itself. 

Buildings are expected by most nations to attain an energy-efficient rating, which may be 
done effectively via monitoring thermal load. Getting an energy efficient building is becoming 
increasingly important as energy is emerging as a critical economic problem due to high 
energy demand and unsustainable energy supplies. Buildings are responsible for the annual 
consumption of 40% of the world's resources, according to figures from the World Watch 
Institute. Energy-efficient buildings, manufacturing processes and transportation could slash by 
one third of the world's energy needs by 2050 and help regulate global greenhouse gas 
emissions. It is important because it conserves the natural resources of the planet and 
safeguards habitats from degradation. In addition to this, energy efficient buildings are built to 
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conserve energy and resources, recycle materials and mitigate hazardous product emissions 
over their life cycle. 

Building professionals aim to maximize building performance and then integrate green 
energy technology, leading to a zero-energy building. Changes should also be made within the 
established structures to reduce energy consumption and costs. Over the years, Malaysian 
Institute of Architect (PAM) has been designing and gradually working on a more sustainable 
and green architecture in Malaysia. In August 2008, PAM Council endorsed and authorized the 
establishment of the new Sustainability Committee which was primarily charged with designing 
and setting up the Green Building Index and the corresponding Green-rated building 
certification and accreditation body. 

Nowadays, with the advanced technology and new software, there are many tools that 
can be used by the designers to help them in achieving the energy efficient building status. For 
example, energy simulation software tools such as Building Information Modelling (BIM) 
through Autodesk Revit is an important support used for designers or researchers to reduce 
the cost of energy in buildings. These energy tools help to precisely calculate certain variables 
that can assist designers in making decisions on the right steps to implement for each building 
to be built or already existing. Optimization of buildings helps define design that decrease 
overall ownership costs while optimizing energy savings. The building may be built 
simultaneously as building optimization is done before construction or retrofit starts, leading to 
a more streamlined, whole-building solution. Efficiently built structures minimize energy usage 
and costs, while increasing safety and efficiency for the building occupants 

In this era, designers need tools that, even during the initial design process, respond to 
very specific questions and decision making. Relevant options (e.g., heating and cooling) may 
be contemplated by designers with the use of energy simulation tools. They can also forecast 
the thermal behavior of buildings when they are constructed, and simulate energy costs in 
existing buildings under their current conditions, establishing the best thermal retrofitting steps 
to be taken in the buildings under study. 

 
 

2.0 LITERATURE REVIEW   
 

Although there are a lot of advanced technology tools and new softwares like energy 
simulation software tools, unfortunately these tools are not widely used especially in Malaysia. 
Moreover, submissions to our local authorities do not have relevant regulation regarding 
energy optimization, unlike other developed countries. In Portugal, for example, they have 
introduced three regulations which designers should follow in terms of energy optimization; 
namely the Regulation of Thermal Performance Characteristics of Buildings (RCCTE), the 
Regulation of Energy Systems and Climate in Buildings (RSECE) and the National Energy 
Certification System and Indoor Air Quality in Buildings (SCE). 

On top of that, the BIM software is not being used by all building professionals in a project 
since not all consultants own this software, thus hindering the coordination among them. 
Consequently, the exploration of BIM software is limited and sometimes overlooked and left 
too late at the end of the design process thus eliminating its maximum potential. The aim of 
using BIM software simulation tools is to avoid any post-construction modifications involving 
energy optimization which can result in additional expenses. 

Thus this paper aims to study the capability and competency of BIM simulation tools 
software through Autodesk Revit in helping the designers to evaluate and analyze energy 
optimization in a building thus helping with the design decision making at the early stage of 
design development phase. 

 

 
3.0 RESEARCH METHODOLOGY  

3.1 Introduction 

 
The inauguration of the building energy simulation software tools is to provide assistance 

for building designers to be able to at least calculate and judge the extent of proposed 
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strategies concerning the energy optimization of the building early on. Now, most of the 
building energy simulation tools are already incorporated with other software notably the 
Building Information Modelling (BIM), a model-based process for designing and governing all 
of the project data, facts and figures through pre, ongoing and post construction stages. Thus, 
through this paper, we are encouraging building professionals to make use of the aforesaid 
tools during pre-construction stages, where the simulation can provide insight for the architect, 
engineer and contractor to plan, design, construct and manage the desired buildings or 
infrastructure more efficiently. By stating the word efficiently, we specifically signified the 
energy optimization of the building. Besides, through the use of energy simulation software, 
valuable information can be gathered alongside energy consumption, for instance, the thermal 
behaviour, the needs of mechanical equipment for heating and cooling, indoor temperature, 
annual operating cost, and so forth. 

3.2 Building Energy Simulation using BIM: Revit Software 

 
For this paper, we decide to utilize the building energy simulation tools from one of the 

prominent BIM softwares which is Autodesk Revit 2021. As shown in Figure 1, various 
categories of building simulation tools are offered by this software. While there are so many 
options available, in this paper, we are concentrating on the scrutiny of energy efficiency 
involving the thermal load of the selected building type.   

 

Figure 1: Various categories of building simulation tools offer in Autodesk Revit 2021 

3.2.1 Building Type Selection 

 
As stated by Joana Sousa (2012) in her paper, about one third of the energy consumption 

in buildings is used to improve thermal conditions of the residence and for illumination. Thus, 
based on the longer period of annual operation plus the high energy usage, we decide that 
office building is one of the most relevant subjects to be studied and to be evaluated 
concerning the energy optimization on thermal load. 

3.2.2 Simulation Model and Parameter 

 
For the simulation, we designed a simple single occupant office room 4m x 3m x 3m, with 

only one door facing south and 3 panels of 0.6m x 1.8m window placed adjacent to each other 
oriented north. The address of the simulation location is at Seri Iskandar, Perak or to be more 
precise, the office room is located at the coordinate of 4.35658597946167, 
100.957305908203. Based on the accessible parameter shown in Figure 2, we only utilised 
the variables on the value of the schematic types parameter which offer numerous categories 
to be overridden with an analytic construction where the thermal transmittance (U-Value) of 
each available option is stated (refer to Table 1). 
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Figure 2: Simulation model plan and parameter  
 

Table 1: Schematic types parameter override category 
 
 
 
 
 
 
 
 
 

 
 
 

3.2.3 Simulation Method 

 
By using the same simulation model; the 36m3 office room, located at the same 

coordinate, equipped with a fixed building service system for cooling, namely the split system 
with natural ventilation, we conduct four simulations with various thermal transmittances of 
each category (refer to Table 2 below).  
 

Table 2: Simulation 1,2, 3 and 4 schematic types parameter 
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4.0 RESULTS AND DISCUSSION  
 

By exploring various thermal transmittances for each category, the simulation analysis 
report is generated as shown in Table 3. Based on the analysis report, it is easy to determine 
the best measure for energy optimization regarding the thermal load value. For instance, 
focussing on the wall category, Simulation 2 has the higher value of cooling load, at the figure 
of 455W, which implied that a greater amount of heat energy in the model area should be 
eliminated to sustain the appropriate range of thermal comfort for the occupant. In other words, 
more energy is needed for cooling if brick/block wall is used with thermal transmittance value 
of U=0.4396W/m2K as compared to the lowest value from the Simulation 01, only at 171W for 
standard wall construction with the thermal transmittance value of U=0.2993W/m2K. 
 

Table 3. Simulation 1,2,3 and 4 heating and cooling load analysis report 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Cooling and heating load for each category 

Simulation 1 Simulation 2 

Simulation 3 Simulation 4 

HEATING 
LOAD 

COOLING 
LOAD 



VIRTUAL GO-GREEN: CONFERENCE AND PUBLICATION (v-GO GREEN 2020) 

 

443 

 

However, it is slightly different for heating load.  All of the simulations indicated that the 
heating load is negative, meaning that heating energy is not needed while demanding more of 
the cooling energy. This is in fact a common occurrence since the location of the simulation 
model is positioned at the hot humid climate zone.  However, a greater value of cooling energy 
needed will oppose the idea of energy optimization in the building. Still, bear in mind, that even 
when the thermal transmittance value is lower, that does not mean it is suitable for all scenario, 
for instance, the roof on Simulation 1 and 2, while flat roof U-value (U=0.2277W/m2k) is lower 
than sloping roof (U=3.3775W/m2k), the conventional flat roof is still considered as an 
unsuitable roof for our climate. 

Hence, a designer must not only rely on the simulation tools, but should also have the 
ability to make judgement on the finest measure for energy optimization after taking into 
account other related factors namely the regional climate, the total cost of the project and so 
on.  

 
 

5.0 CONCLUSIONS  
 

As a conclusion, along with the designer skills and knowledge on the material and 
construction technology, building energy simulation tools of the selected BIM software; 
Autodesk Revit 2021 does have the capabilities to help designers explore various methods at 
the early stage before the commencement of any building. The idea is to prevent any 
modification to follow post-construction concerning thermal load which may result in extra 
expenses. Lastly, while there are several energy simulations tools available nowadays, it does 
require different intensities of complexity and the reaction to the variables. Thus, we would like 
to suggest any future study related to this topic to experiment with different simulation tools or 
software. 
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