
   

Journal of Applied Artificial Intelligence 

https://jaai.sabapub.com 

ISSN: 2709-5908 

2021 Volume 2, Issue 1 : 22 – 31 

DOI : 10.48185/jaai.v2i1.581 

Building Information Modelling (BIM) and Energy 
Performance of Building - A Review 

Fadi Alkhatib1, * , Aawag Mohsen Alawag2, Ali Daris3 
1 Department of Structural Engineering, Faculty of Civil Engineering and Built Environment, Universiti Tun 

Hussein Onn Malaysia (UTHM), 86400 Parit Raja, Batu Pahat, Johor, Malaysia 
2 Department of Civil and Environmental Engineering, Universiti Teknologi PETRONAS, Bandar Seri 

Iskandar 32610, Perak, Malaysia 
3 Department of Civil Engineering ,Sana’a University, Sana’a, Yemen 

Received: 02.12.2021       •      Accepted: 25.12.2021      •      Published: 31.12.2021      •      Final Version: 31.12.2021 

Abstract: Nowadays, the advancement of technologies in the building industry may give a 

significant impact to the environment. The building sector contributes to the greenhouse gas 

emissions which may harm the environment and the high consumption of energy required high 

demand in burning the fossil fuel. These may effects the environment where, the carbon dioxide 

(CO2) has been significantly released to the atmosphere and harm the environment which may lead 

to global warming. In order to reduce the impact of greenhouse gas emissions and energy 

consumption, there is a need to develop a solution which may account these environmental problems. 

Conserving the energy of the building is one of the strategies to reduce the impact of greenhouse gas 

emissions to the environment. Recently, linking the building information modelling (BIM) to analyse 

the energy performance of the building has been spread widely. BIM has been recognized as a 

suitable tool to perform a building analysis in the early design stage which helps to model the energy 

use, flow of thermal, patterns of lighting and many more sustainable measures. BIM is believed able 

to help a designer to choose the best building design due to its concept of parametric change that 

assist the AEC industry to implement the sustainable design in an effective way and significantly 

improve the energy efficiency of building. 
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1. Introduction 

At the First World Conference on Sustainable Construction in 1994, Charles Kibert offered the first 

concept of sustainable construction (Florida). He defined it as the “responsible creation and 

management of a healthy building environment, considering the ecological principles and the 

efficient use of resources” [1]. 

Currently, in response to the increased focusing on sustainable development, experts in the 

construction sector are emphasising sustainability. The goal of sustainable development is to 

improve the current quality of life without jeopardising the capacity of the future generation to meet 

their demands in all areas, particularly social, economic, and environmental [2]. Building 

sustainability is among the sustainable development initiatives that include building performance as 

well as the building industry's triple bottom line (social, financial, and environmental) [3]. The 

philosophy of green building design must be applied in the construction sector to lessen 
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environmental effect [4]. In the construction industry, sustainable development defines green design 

as structures that are efficient in terms of energy and have a lower environmental impact, and this 

word often indicates the advantages of the material or approach that will improve sustainable 

development [5]. [6], Green building is defined as an approach to ensure sustainability that engages 

a building and its site to the climatic changes, site condition, and lifestyle, as well as the society, to 

decrease the consumption of resources while improving the quality of life that will indirectly 

contribute, the neighbourhood, and the builder's bottom line. It should be assured that the 

environment will persist for a long time, retaining its coherence, proper functioning, and self-

sufficiency, while also assuring the wellbeing for its residents, as well as its resilience and adaptive 

ability [7, 8]. 

The need for sustainability and its evaluation of buildings is now increasing owing to widespread 

environmental issues and high energy costs [7]. On the basis of environmental protection and urban 

enhancement, as well as other diverse resources and activities, many corporations make choices 

based on the principles of sustainable development features in urban centres in order to achieve a 

developed city sustainability [8]. nations throughout the world are working to promote sustainable 

design and avoid environmental deterioration by creating their own sustainable policies and standard 

[9]. Malaysia has implemented a sustainable strategy known as the Green Building Index (GBI), 

which was created by Pertubuhan Arkitek Malaysia and the Association of Consulting Engineers 

Malaysia and gives criteria for developers to design and build green structures [10]. GBI evaluates 

sustainability through six critical aspects: efficient energy, indoor air quality, sustainable site design 

and management, material and resource efficiency, water efficiency, and invention. These 

characteristics are severely impacted by the architectural design of the building, the architecture of 

the site, the layout of the infrastructure projects, and the design of the structural systems themselves 

[11]. 

The construction sector highlights sustainability, which necessitates the incorporation of an 

incorporated workflow at the early phases of design and has become a prominent movement in 

pushing process improvements within the sector [12]. Buildings are built to last for several years as 

an environmental physical characteristic as well as to satisfy human requirements, and contemporary 

technology allows for the creation of a contemporary and appealing green building while saving 

money. The demand for environmentally friendly and energy-efficient construction is increasing 

[13]. Building contributes significantly to energy consumption in each industrialized nation and is 

one of the sources of carbon dioxide emissions that have consequences on the environment [14]. 

According to [15], the construction sector accounts estimates around 19% of worldwide yearly 

greenhouse gas emissions and up to 32% of total global energy consumption, and this figure is 

expected to more than double over the next 50 years. s [15]. 

Because of increased demand for energy and the associated GHGs and the imminent effect on 

climate change, there is a significant and continuing necessity to improve energy efficiency and 

decarbonise construction sectors [16] where the designers must take into account the performance 

of energy in the design by developing alternative plans that conserve the energy in the early 

conception phase [17]. Building information modelling (BIM) integration enables designers to assess 

performance of buildings at the conceptual design phase, and they will utilise the information 

provided by the BIM to assess design options and make the best choices to develop a greener design  

[12]. BIM is an integrated process which is employed to ease the design exchange and construction 

information to project participants and extending the model developed by BIM will provides energy 

performance data including power consumption, temperature, CO2 emissions, occupancy and 

humidity [18]. BIM contains a lot of data needed for analysing the performance of energy and the 
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appropriate used of BIM significantly save the time and effort as well as reduce the mismatches and 

errors [13].  In addition, extending BIM into analysis helps to recognise the solution for lessening 

the consumption of resources, increasing the opportunities of on-site renewable and meet the 

requirements for sustainable design and energy efficiency. The optimization of building performance 

for sustainability has become an integral part of mainstream practise in the architectural and design 

industry, thanks to BIM-based simulation. Unlike traditional practise, which demands a separate 

model for building performance generated by different experts, BIM technology allows for the direct 

input of building geometry to the analysis programme [19]. 

2. Use of Energy in Building 

Our civilization is now facing one of the most critical problems in terms of lowering greenhouse gas 

emissions and maximising energy efficiency [20].  The building industry is more responsible for 

greenhouse gas emissions (GHGs) and energy consumption than the industrial and transportation 

sectors [21]. As a consequence, increased energy usage tends to degrade the ecosystem where energy 

is generated by the combustion of fossil fuels [22]. According to the United Nations Environment 

Programme [22], the construction industry accounts for around 30% of worldwide yearly greenhouse 

gas emissions and up to 40% of total energy consumption. Carbon dioxide (CO2), methane (CH4), 

nitrogen oxide (N2O), and fluorocarbons are examples of greenhouse gases [23]. Moreover, CO2 

emissions into the atmosphere have the ability to boost global temperatures [24], and studies 

discovered that buildings account for around 40% of CO2 emissions [24, 25]. Global warming is 

melting the polar ice caps, which will ultimately rise sea levels, leaving insufficient land for an 

expanding population [26]. With growing fears about global warming and carbon, the construction 

industry is always working to reduce emissions[27]  by lowering building energy usage  [22]. In order 

to meet the CO2 emission goal, customers and industries must play a significant role in the 

construction of low-carbon buildings [28]. If no effort is taken to solve this problem, the construction 

industry's GHG emissions will increase over the next two decades [27]. Hence, it is a challenge for 

architects and stakeholders to meet the goal of reducing greenhouse gas emissions for a healthier 

environment. 

Building specialists have addressed the importance of sustainability and energy performance in 

designing design in response to environmental consciousness concerns and the growing cost of 

energy, since structure a sustainable building involves specialised labour and a costly procedure [13]. 

As a consequence of the environmental effect of buildings, designers must offset this influence by 

enhancing or optimising energy efficiency early in the design process [13, 17]. The advantages of 

saving energy include lower energy costs and long term economic development, which drives 

innovation in the process [29].  

Low net energy in buildings is essential, which may be achieved via inventive design. Several 

methodologies and technologies have been created recently to minimise building energy use. 

Building Information Modelling is one of the most recognized and rapidly increasing technologies 

in recent years [19]. Recently, linking the building information modelling (BIM) to analyse the 

energy performance of the building has been spread widely. BIM has been recognised as a suitable 

tool to perform a building analysis in the early design stage [30] which helps to model the energy 

use, flow of thermal, patterns of lighting and many more sustainable measures [28]. To analyse the 

energy performance of building, BIM analysis tools help to analyse heating and cooling 

requirements, identify the opportunities of day lighting as well as choose the main building 

component that have the potential to decrease the use of energy consumed by the building and by 
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integrating data of weather and electrical grid, the energy consumption and carbon emission released 

by the building can be well estimated [31].  

Material, weight, resistance of thermal and the physical properties of the building are digital 

models representing the elements and the characteristic of the building which contribute to the 

performance of the building [31]. The use of BIM application tools such as Revit Architecture as 

core of the rapid energy modelling workflow allows to develop a basic model in faster and easier 

way in order to help simulating the performance as well as the cost. Normally, to practice sustainable 

design for modelling the building, the computer aided design (CAD) which is a traditional tools is 

used and to analyse the performance of building by entering the design data into an energy simulation 

tool [28]. However, by directly importing the BIM into energy performance analysis at a design 

stage, the design scheme can easily be obtained and adjusted [32]. EnergyPlus, Ecotect and IES 

Virtual Environment are some of the energy simulation tools that take into account the design 

features of building such as climate response, glazing, thermal insulation, solar gain, natural and 

mechanical ventilation, HVAC system and many more. The integration between BIM and these 

simulation tools help to develop a powerful decision making tools in designing a high energy 

performance of buildings [33]. The designers can alter the BIM accordingly and retest the model for 

many times until the best results are achieved.  

3. Literature Review 

The problem of green building is a major topic of discussion among the Architect, Engineer, and 

Construction (AEC) business since the construction industry is the greatest contributor of greenhouse 

emissions, using one-third of world energy [34]. In the United States (US), the amount of greenhouse 

gases emissions, CO2 released by the building sector is 38% and consumed for almost The quantity 

of greenhouse emissions, CO2 emitted by the construction industry in the United States (US), is 38 

percent and consumes about 50 % of the overall energy consumption [35].  Construction industries 

in Hong Kong utilise over 92 percent power and emit 60 percent of greenhouse gas emissions, which 

is higher than global norms [36]. In China, the Ministry of Public works supposed that the amount 

of energy released by a construction is 40% of energy consumed, with high demand for energy 

increasing to 72 billion square metres in 2020, and when compared to other developed countries, 

China accounts for greater overall energy consumption in a building [32]. Due to the strong demand 

for energy, the construction industry in Australia, which includes residential and commercial 

structures, contributes around 23 percent of total carbon emissions, with commercial offices covering 

21 million square metres distributed over 3980 buildings. Malaysia's construction industry 

contributes for over 40% of worldwide greenhouse gas emissions as a consequence of using fossil 

fuels for either energy generation or building activities [37].  

Because of high emissions and energy consumption, several countries throughout the world have 

established their own targets to reduce emissions and fuel consumption. The United Kingdom aims 

to establish a zero-energy home by 2016, Germany will construct a passive house after 2015, France 

will reduce energy requirements by 30% by 2020, Denmark will reduce the power consumption by 

50% from 2015 to 2016, and the United States will establish a building with zero emission by 2030 

[33]. Malaysia has also promised to participate in decreasing emissions of greenhouse gases by 2020 

[37]. Considerable efforts have been made to reduce the use of energy sources over the next 20 years 

to accomplish the objective of net-zero energy usage in 2030 by implementing industry best 

practices, strict building standards, and implementing green building certification systems such as 

Leadership in Energy and Environmental Design (LEED) [38]. 
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Most academics have concentrated on promoting energy performance of the building in order to 

minimise greenhouse gas emissions from power plants. Several variables influence the energy in a 

structure, including the built environment, construction materials, user behaviour, building 

orientation, building scale, and building form [39]. Shoubi et al. [30] performed a research on 

lowering functional energy consumption in buildings at the planning phase of construction utilising 

building information modelling techniques and sustainability methods. A standard bungalow of 400 

m2 was analysed to evaluate the substance mixture utilising BIM to lower the operating energy usage 

of a home. A variety of bungalows elements, including the sidewalls, window door, roof, and inside 

heat, have been adjusted. The BIM tools Revit Architecture was utilised to model the structure, and 

the study was carried out utilising Autodesk Ecotect Analysis software. The scientists discovered 

that components like double brickwork, reverse brick veneers, wood, gypsum insulating, and glasses 

were more energy efficient than other components. Furthermore, by adopting these components, they 

discovered that the yearly energy consumption of the building was lowered with this alternate design. 

The products employed are also ecologically beneficial, as they concluded that the usage of 

alternative materials including bamboo shades and single wind deflectors decreased the windows 

area to 15% of the overall space This study could be deemed a success in terms of process energy 

sustainability [30]. 

Osello et al. [40] analyses the energy efficiency of a single-story structure with one entrance, many 

windows on every wall, a base, and a ceiling during. Various window orientations and window sizes 

have been tested. The research is carried out at the planning phase of construction, and decision-

making is also properly considered while executing the building's overall modelling. The scientists 

created a model by evaluating kinds of software, Power Plus and IES Digital Environment, in order 

to identify the most appropriate and successful software as BIM-based simulations tools for 

evaluating the power performance of building performance models. The findings reveal that when 

the Energy Plus programme is used, the orientation of the windows at 0 degrees and 180o depicts 

the least energy use, including cooling and heating. The bigger screens are seen to boost overall 

energy usage. Therefore, despite bigger screens may significantly enhance lighting conditions, the 

HVAC system uses more energy to heat and cool the structure. As a result, wider windows are not 

regarded to guarantee a superior design. The simulation using IES Virtual Environment, on the other 

side, yields no meaningful differences between these two models, leading the scientists to conclude 

that all these two programs can be utilised to predict energy performance since they are frequently 

utilised as energy simulation alternatives. Energy Plus is versatile in terms of HVAC system 

definition and can simulate numerous HVAC systems for a single zone, but an IES Virtual 

Environment is simple to set design parameters, user-friendly in terms of user interface and 

reporting, and suitable of doing a Life Cycle Cost Assessment.  

Abanda and Byers [39] did a research at Oxford Brooke University to evaluate the influence of 

building orientation on energy usage, and Green Building Studio software was utilised to model a 

three-story home in Hertfordshire, UK. A set of simulations with varying orientations were created. 

Following a survey at the selected site, the authors simulated the design in Revit and saved it to a 

gbXML file that Green Building Studio could understand. The authors found that the energy required 

for a structure is determined by elements such as the external walls, construction materials, building 

orientation, occupant conduct, and the scale and design of the building. A well-oriented structure 

might save power all through life span, and the findings reveal that the orientation of the building 

relation to the sun's path affects the solar gain to warm the built environment. The poorest orientation 

is 45o, which installs windows pointing down and generates 10822 kWh of yearly electricity while 

using 86489 Mj of fuel energy. The optimal orientation is 180 degrees, which install three sets of 
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bay windows facing south, with overall yearly fuel and electricity energy consumption of 10475 

kWh and 86883 Mj, accordingly. 

4. Executive Problems of Energy 

The construction industry is the largest contributor to greenhouse gas emissions and consumes a 

lot of energy. In Malaysia, the building industry accounted for around 80-90 percent of greenhouse 

gas emissions throughout the operating period, which requires energy for cooling and heating, 

lighting, ventilating, and powering devices [29]. According to [37], residential buildings account for 

around 65 percent of total world emissions, whereas commercial buildings account for 

approximately 35 percent. Therefore, it is critical to create sustainable building designs in order to 

decrease greenhouse gas emissions and excessive energy usage. Green construction is a philosophy 

that highlights the necessity of designing with natural and sustainable resources and supports the 

usage of renewable resources to produce buildings that are environmentally friendly [41]. 

Furthermore, it has been observed that the optimal selection of sustainable products to suit project 

needs is a barrier in analysing sustainable construction [42]. Therefore, efficient techniques to model 

the structure depending on the material choice are required to determine the suitable design options.  

The building life cycle covers the entire life from its design, conception, occupancy, and 

demolition; thus, it needs an effective design of energy performance for long-term duration to be 

served in the buildings [43]. Mostly, the construction companies use complex energy simulation and 

energy packages which lead in difficulty of handling, increase the cost and the characteristic of 

energy efficient strategies building could not be assessed [44]. Efficiently use of energy can 

significantly reduce the electrical bills for both households and businesses as well as enhance the 

economy for future development, leading to innovation in the process and to achieve the goal of less 

energy can create the opportunity [45]. However, the governments have paid less concern that the 

reduction of energy demand play an important role in managing the energy system as the good 

management of energy will result in more cost-effective and also achieve the climate goals [45].  

Due to the environmental issues and the increase of energy cost, the building experts emphasize the 

sustainability and performance of energy in their designs [46]. However, in spite of the approval of 

the green building rules, commercial buildings often do not achieve the designed energy 

conservation objectives and consume as much as 3 times the expected energy consumption, 

representing a considerable gap in building energy performance [34]. 

To design a sustainable building is a difficult task, requires an extensive labour and also expensive 

in process, thus this complexity will create mistakes in design and also mismatches exist between 

the prediction and actual performance of the building [13]. Even though the energy simulation tools 

that help in designing the energy efficient of the building is available for decades, the building 

analysis usually is performed later in design stage and the changes of building features cannot be 

amended, in the meantime, by performing traditional CAD to analysis the energy efficient  will 

produce difficulties in process [18]. On the other hand, very few design alternatives has been created 

and explored by the designers before selecting the final design which turn to underperforming 

designs due to the lack of effective parametrical tools to explore the design alternatives and realize 

their effects on energy performance of building based on automatic process that assists the designers 

to have an options to explore and choose the best design alternative [13]. Realizing the difficulties 

of the current designs, a decision support tools is essential to help in assessing the sustainability of 

the building, where the tools would be useful during the conceptual design stage and the solution for 

finding the sustainability design can be made at the design stage [47]. These tools can combine the 
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interactive design method based on BIM with dynamic architecture to suggest a systematic design 

decision process that allows buildings to respond to seasonal climate changes as well as the 

integration of new technologies [48]. BIM is used not only as a model, but also as a platform that 

incorporates all the building's characteristics, as well as the disciplines and systems that are involved 

[49]. During all phases of the project, it provides a suitable platform for collaboration between 

multidisciplinary and interdisciplinary efforts. Furthermore, because BIM saves necessary 

information about energy performance analysis, it can save a lot of time and effort while also 

reducing inconsistencies and mistakes [50]. As a result, this method becomes a motivating way for 

architects and engineers to achieve various design goals. 

5. Conclusion 

Currently, the advancement of technologies in the building industry may give a significant impact 

to the environment. The building sector contributes to the greenhouse gas emissions which may harm 

the environment and the high consumption of energy required high demand in burning the fossil fuel. 

These may affect the environment where, the carbon dioxide (CO2) has been significantly released 

to the atmosphere and harm the environment which may lead to global warming. In order to reduce 

the impact of greenhouse gas emissions and energy consumption, there is a need to develop a solution 

which may account these environmental problems. Conserving the energy of the building is one of 

the strategies to reduce the impact of greenhouse gas emissions to the environment. The use of 

natural material resources can reduce the energy need in the building. It is first believed that the use 

of natural resources will conserve more energy compared to the other type of materials. The building 

envelope, building thermal, ventilation, HVAC system required high energy if not design 

appropriately. The unsuitable materials used to build a building may give uncomfortable conditions 

to the occupants. The concern about the environment has driven many countries around the globe to 

emphasize the sustainability in the design starting from the design stage, construction stage, in-use 

stage, and post-construction stage. By conserving the energy in the early design stage will helps in 

reducing a significant amount of energy required for a building.  

The designers may develop a few design alternatives and then select the best alternative for their 

design. In order to choose the best design alternative, there is a tool needed to assist a designer during 

the design stage. Building information modelling is believed to help a designer to choose the best 

building design. BIM is the concept of parametric change that assist the AEC industry to implement 

the sustainable design in an effective way and significantly improve the energy efficiency of 

building. It is clear that, the design and specifically the material selection processes are greatly 

influence the energy consumption and carbon emissions of the building. Therefore, a designers 

should make a proper evaluation on each type of the materials used for conserving the natural 

environment and also beneficial to the building occupants with the assistance of parametrical 

performance-based tools.  
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