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 
Abstract—Achieving environmental sustainability is one of the 

important issues considered in many countries’ vision. 
Green/Sustainable building is widely used terminology for describing 
a friendly environmental construction. Applying sustainable practices 
has a significant importance in various fields, including construction 
field that consumes an enormous amount of resource and causes a 
considerable amount of waste. The need for sustainability is 
increased in the regions that suffering from the limitation of natural 
resource and extreme weather conditions such as Saudi Arabia. Since 
buildings designs are getting sophisticated, the need for tools, which 
support decision-making for sustainability issues, is increasing, 
especially in the design and preconstruction stages. In this context, 
Building Information Modeling (BIM) can aid in performing 
complex building performance analyses to ensure an optimized 
sustainable building design. Accordingly, this paper introduces a 
roadmap towards developing a systematic approach for presenting the 
sustainability of buildings using BIM. The approach includes set of 
main processes including; identifying the sustainability parameters 
that can be used for sustainability assessment in Saudi Arabia, 
developing sustainability assessment method that fits the special 
circumstances in the Kingdom, identifying the sustainability 
requirements and BIM functions that can be used for satisfying these 
requirements, and integrating these requirements with identified 
functions. As a result, the sustainability-BIM approach can be 
developed which helps designers in assessing the sustainability and 
exploring different design alternatives at the early stage of the 
construction project. 
 

Keywords—Green buildings, sustainability, BIM, rating systems, 
environment, Saudi Arabia. 

I. INTRODUCTION 

USTAINABILITY/Green is a broad term describing how 
to meet the present people requirements without affecting 

the capability to meet the demands of the future generations. 
The limited of natural resources and increasing adverse 
impacts of human activities on the environment enhances the 
need to implement the sustainability concepts in our life [1]. 
This need increases in the regions that suffering from harsh 
environmental conditions and water scarcity such as Saudi 
Arabia. Among many other fields such as transportation, 
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industry, and agriculture, the construction sector is responsible 
for a massive amount of waste production and CO2 emissions 
[2], [3]. Also, the building construction sector alone consumes 
about 30% of total produced energy [3]. Therefore, developing 
sustainable building has grown rapidly as the response of 
constructions' environmental negative impacts [4]. 
Sustainability assessment is very important step for 
developing sustainable buildings. Using BIM in sustainability 
assessment helps in achieving the evaluation in easier, faster 
and more accurate manner. 

BIM is a widely used terminology that significantly impacts 
the evolution of the construction industry [5]. BIM is the 
evolution and use of a computer software model to simulate 
the construction and operation of a facility [6]. In other words, 
BIM represents a shift from electronic drafting to a model-
based process. The building model resulting from using BIM 
presents a digital representation of the building's elements and 
includes an enormous amount of information and properties 
that can be utilized by various project participants anytime and 
anywhere according to their needs [7]. This information can 
be extracted and analyzed to use it for various purposes such 
as decision making and process improvement. The BIM model 
can be a 4D model by connecting model elements to time 
schedules, and it can be a 5D model by integrating cost 
estimation with model components. This paper introduces a 
roadmap for developing a systematic approach that combines 
the BIM functions with the sustainability requirements. The 
objective of this integration is to assist in evaluating the 
sustainability and developing a green building. This approach 
has been designed to satisfy the particular sustainability 
requirements for the Kingdom of Saudi Arabia. 

II. SUSTAINABILITY IN SAUDI ARABIA 

The main motivations for developing sustainable buildings 
are environmental, energy, water considerations, and some 
other factors such as health and quality of life factors [8]. This 
motivation increases in the regions that are suffering from 
extreme weather conditions such as Saudi Arabia. With no 
permanent lakes or rivers, Saudi Arabia is considered one of 
the driest areas in the world, and which depends heavily on 
water desalination plants to meet the growing needs for fresh 
water thereby making the country the largest producer of 
desalinated water in the world [9]. Despite this limitation of 
water resources, Saudi Arabia is classified as one of the most 
major water consuming countries in the world. Also, water 
tariffs in Saudi Arabia are very cheap (approximately 
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$0.03/m3) compared with about $6/m3 in many of water-rich 
countries around the world [10]. About the energy issue, Saudi 
buildings depend heavily on air conditioning that consumes a 
huge amount of energy needed to generate the electricity [11]. 
Moreover, the power generation in Saudi Arabia depends 
mainly on burning fossil fuels which cause a significant 
impact on air, land, water, and different environment elements 
[12]. Accordingly, there is a pressing need to implement 
sustainable practices in Saudi buildings to improve the 
efficiency of natural resource and to minimize the negative 
environmental impact [11], [13].  

There are many aspects that can affect selecting the criteria 
of sustainability assessment tools such as economic, social, 
environmental, and cultural issues. Hence, standard 
international approaches for evaluating the sustainability of 
construction projects in all regions, taking into account 
differences in all of these aspects does not exist yet [14]. 
Accordingly, each region needs to develop its sustainability 
assessment method that considers its requirements [15], [16], 
[14], [17]. Banani et al. [14] highlighted the need to develop 
sustainability assessment method for Saudi Arabia through 
investigating and comparing some of the most popular 
sustainability assessment schemes and highlighting the 
influence of the different region’s aspects on the evaluation 
criteria and results. 

In 2008, BREEAM-Gulf was adapted to match the 
environment requirements in the Gulf region. However, it is 
withdrawn in 2010 and cannot be used now [17]. Accordingly, 
UAE developed their sustainability rating system which called 
Pearl. In 2009, Saudi Green Building Council (SGBC) had 
been established to promote the sustainable building 
knowledge through organizing and participating several 
national and international conferences, workshops, and other 
activities. In 2011, Taleb and Sharples evaluated the 
consumption of water and energy of existing housing in Saudi 
Arabia with the ultimate aim of introducing guidelines for 
developing sustainable residential projects in future [18]. In 
2013, Alyami et al. [19] exerted some efforts toward 
identifying the sustainability criteria for residential buildings 
in Saudi Arabia. They concluded that there is a need for a 
future works for delivering a weighting system for 
sustainability criteria and their main groups.  

Accordingly, there is an urgency need to develop a unique 
sustainability assessment method for Saudi Arabia which will 
be very beneficial to the concerned authorities [17]. 
Integrating this unique sustainability assessment method with 
BIM makes the assessment more effectively which helps 
designers develop sustainable buildings. 

III. SUSTAINABILITY-BIM SYSTEMATIC APPROACH 

This study highlights the processes toward developing the 
systematic approach for assessing the green buildings with the 
help of BIM which called Green-BIM approach. This 

approach consists of three main processes (shown in Fig. 1), 
which are; identifying the sustainability parameters, 
developing national assessment method, and integrating the 
sustainability requirements with BIM functions. The following 
subsections discuss these sections in details. 

 

 

Fig. 1 The main components of Sustainability-BIM approach 

A. Identifying the Sustainability Parameters 

To achieve sustainable construction, the sustainability 
measures/parameters should be investigated [20]. These 
parameters and their importance weights vary from region to 
region depending on the different of environmental, social and 
economic conditions [17]. As an example of this variation, 
Fig. 2 illustrates the main difference between five international 
and regional sustainability assessment/rating systems, which 
are; LEED-USA, BREEAM-UK, Green Globes-Canada, 
GPRS-Egypt, and Pearl-UAE. Furthermore, the sustainability 
parameters and their weights can be different according to 
building type. Fig. 3 provides an example of this concept 
through comparing the sustainability parameters and their 
weights for three types of structures includes in the LEED 
rating system. Therefore, many organizations that are 
interested in sustainability investigated the sustainability 
parameters and developed sustainability assessment systems 
based on these measures to evaluate the sustainability of a 
particular region and also for the specific type of construction. 
Accordingly, a large number of sustainability assessment 
systems appeared in many countries in the worlds. 
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Fig. 2 Comparison between sustainability rating systems 
 

 

Fig. 3 Comparison between buildings’ types 
 

To identify the sustainability parameters appropriate to the 
sustainability requirements of Saudi Arabia, a set of steps 
should be achieved, as shown in Fig. 4. The first step 
highlights the technical information about some international 
and regional sustainability building assessment systems. 
Through reviewing a set of local and international 
sustainability building assessment systems, some international 
and regional systems can be selected to be the base of 
selecting the initial sustainability parameters. 

The selected sustainability systems should be compared and 
reviewed in depth. Accordingly, a list of initial parameters can 
be identified and classified into several groups. A brief 

description should be added for each criterion to clarify its 
meaning. The list of initial parameters can be reviewed and 
modified through a pilot study with some experts to validate 
this list before launching a questionnaire that includes these 
parameters. The verified list of initial parameters can be 
considered as the base of a questionnaire that helps in 
identifying the sustainability parameters that fits the 
environmental and social requirements in Saudi Arabia. The 
principal goal of this survey is to test the appropriateness of 
the identified initial sustainability parameters to be used for 
evaluating the sustainability of buildings in Saudi Arabia. 
Through analyzing the data gathered through a questionnaire, 
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the most appropriate parameter can be identified. 
 

 

Fig. 4 Investigating the sustainability parameters 

B. Sustainability Assessment Method 

As a result of the previous phase of the study, a set of 
sustainability parameters appropriate to be used for evaluating 
the sustainability of buildings in Saudi Arabia can be 
identified. This phase aims to identify the importance weight 
of these criteria to develop the sustainability assessment 
method. This phase is broken down into the following steps as 
shown in Fig. 5. The differences in the importance weight for 
sustainability parameters should be considered during 
developing the sustainability assessment method. Hence, the 
first step in this phase aims to identify an appropriate 
technique for estimating the relative importance weights for 
sustainability parameters that have been discussed in the 
previous phase. Of the most popular numerical techniques for 
estimating the relative importance, weights are Analytical 
Hierarchy Process (AHP) and Simos procedure. These 
techniques identify the importance weight for each parameter 
comparing with other parameters. AHP technique makes a 
pairwise comparison between each two parameters and 
develops a matrix based on this comparison. However, 
developing the comparison matrix becomes tough with a large 
number of parameters. Thus, this technique usually used with 
a small number of parameters. Due to the number of 
sustainability parameters is usually large; Simos technique 
will be more suitable for estimating the importance weight for 
these parameters. This technique helps the decision maker to 
express the hierarchy required for a range of parameters [21], 
[22]. It depends on arranging a set of cards that include the 
parameters according to their importance in ascending order 
from least to most important [23]-[25]. Accordingly, Simos 
technique can be used in this phase of the study.  

The second step of this phase of study includes developing 
a second survey questionnaire that considers the Simos 
technique requirements. This questionnaire will help in 
gathering data from experts to identify the importance weight 
for sustainability parameters. Through analyzing the data 
collected via Simos procedures, the relative importance 
weights for each parameter can be identified. Another 
statistical technique can be used to identify the key 

sustainability parameters based on their weights and ignoring 
the trivial parameters. Based on previous steps, a sustainability 
assessment method can be developed which includes; the key 
sustainability parameters, relative importance weights, and 
parameters description. The proposed method can be used for 
assessing and rating the sustainability of buildings and 
selecting the best design alternatives.  
 

 

Fig. 5 Developing sustainability assessment method 

C. Integrating the Sustainability Requirements with BIM 
Functions 

This phase of the study uses the results of previous phases 
to develop the sustainability assessment approach that uses 
BIM functions. In other words, this stage is answering the 
question of how the sustainability parameters can be estimated 
through BIM functions. This phase is broken down into 
several steps shown in Fig. 6. The first step of this phase of the 
study aims to identify the measurement requirements for each 
of the sustainability parameters and classify them according to 
the data requests type. This step helps in identifying the 
estimation plan for each sustainability parameter. In the 
second step, the BIM functions that can contribute to 
satisfying the sustainability requirement should be 
investigated. These functions are available in many BIM 
applications such as Autodesk Revit, Ecotect, Tekla structure, 
and Energy Plus. Available BIM functions can be extended 
using Revit API (Application Programming Interface). Revit 
API provides a very helpful tool for inserting external 
applications into Revit products such as sending data to other 
applications or linking with external database [26], [27]. Many 
programming languages are compatible with Revit API such 
as C#, C++, and Visual Basic. The third step of this phase of 
study aims to match up the data required for sustainability 
parameters with the BIM functions that identified in previous 
steps. This integration helps in determining how to calculate 
each of sustainability criteria requirements through BIM 
functionalities. Fig. 7 shows the workflow for sustainability 
assessment via BIM. The sustainability parameter should be 
included in BIM model via API. Then through identifying the 
requirements for this parameter and the BIM function that can 
be used for satisfying the identified requirements, the data 
required for measuring the sustainability parameter can be 
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extracted from BIM model. 
 

 

Fig. 6 Integrating the sustainability assessment method requirements 
with BIM functions 

 

 

Fig. 7 The workflow for sustainability assessment via BIM 
 
These data can be stored in the external database. 

Accordingly, the sustainability score for this parameter can be 
calculated based on the data stored in the database. The 
calculation results can also be linked with BIM through API. 
The output of this phase considers as an approach for 
evaluating the sustainability using BIM. The applicability of 
this approach needs to be validated through integrating some 
selective quantitative criteria with the BIM for a case study. 
The proposed approach can be modified and improved 
according to the validation results.  

IV. CONCLUSION 

The construction sector has a significant impact on the 

environment and also consumes a considerable amount of 
natural resources, and thus, there is growing interest in 
developing green/sustainable buildings. The environmental 
conditions and regional requirements usually vary from one 
country to another. Accordingly, each country needs to 
develop a sustainability assessment method that meets their 
requirements. This need increases in countries that are 
suffering from harsh weather conditions such as the Kingdom 
of Saudi Arabia. This study highlights the main processes of 
for developing a systematic approach that helps in achieving 
sustainable buildings in Saudi Arabia using BIM. This 
approach consists of four main components which are; 
sustainability parameters, sustainability assessment method, 
sustainability requirements, and BIM functions. The proposed 
approach introduces fast, accurate, and more efficient manner 
for sustainability evaluation. Accordingly, using this approach 
helps designers in evaluating and comparing different design 
scenarios and selecting the most sustainable design alternative. 
It is highly recommended to enact some legislation and 
motivations to encourage implementing green buildings in 
Saudi Arabia. 
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