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BIM has had a significant influence on the building and construction industry, contributing to efficiency, productivity, and cost-effectiveness improvements. BIM technology’s integrative nature makes it a perfect platform for adopting sustainable techniques in new construction, renovation, and retrofitting of existing structures. Saudi Arabia’s market gasoline prices fell drastically between 2018 and 2020, forcing the Kingdom to create its 2030 vision. The 2030 vision seeks to transform the Kingdom of Saudi Arabia (KSA) into an ideal sustainable society by lowering its dependency on oil and constructing more sustainable buildings and infrastructures. The number of green buildings and high-performance buildings in the KSA is inadequate, and the rate of change is too slow. Due to KSA’s need to enhance its built environment, it established a new green building rating named “Mostadam.” Currently, there is no metric to measure the roadmap to achieve the aspects of the KSA’s 2030 vision, and the number of green buildings in the KSA is very low compared to other countries. Therefore, there is an urgent need to translate the KSA’s green objectives into effective regulations. To attain this goal, there must be uniformity across jurisdictions in order to make sound and well-informed decisions about adopting and enforcing sustainability. This research intends to focus on the advanced capability of using BIM and creating a BIM-Based model to help facilitate the green building certification in Saudi Arabia that supports its vision of 2030. The research proposes a new strategy based on the integration of BIM and Mostadam green building rating systems where a BIM plug-in can aid in achieving the 2030 envisioned water sustainability goal and implement sustainable design principles in Saudi Arabia. Autodesk Revit and Dynamo were used for programming and visualizing the model. The model focused on one main category of Mostadam’s Green Building Rating System: water conservation. This study used a mixed methodology that combines qualitative and quantitative approaches. Phase I of this study focuses on the literature review and collection of available data about BIM, Green Building Rating Systems, and the KSA 2030 vision. Phase II aims at collecting data from an online survey sent to AEC professionals. Moreover, phase II of this study includes developing a BIM-Based model using Autodesk Revit and Dynamo. Phase III embraces the validation of the model using a prototype and a case study. Driven from the data collected, the new BIM-Based model assisted in achieving the KSA 2030 vision by reducing the water consumption when compared to the baseline water consumption. The model’s constraints are presented along with future phases of the study.
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1 INTRODUCTION
Following the discovery of oil in Saudi Arabia, petroleum became a primary industry. Saudi Arabia’s economy has grown and has been developing at a rapid pace since the 1980s, fueled by massive earnings from oil exports. Despite its past underdevelopment, Saudi Arabia’s wealth of resources has resulted in a number of development initiatives that have modernized the country and contributed to a low unemployment rate (Mahmood, Alkhateeb, & Furqan, 2020). Saudi Arabia’s market gasoline prices fell drastically between 2018 and 2020, forcing the Kingdom of Saudi Arabia (KSA) to establish its 2030 strategy. The 2030 vision aspires to transform Saudi Arabia into an ideal sustainable society by lowering its dependency on petroleum, building more sustainable structures, and utilizing renewable energy resources. When designing a perfect sustainable community, equal access to nourishment, healthcare, clean water, shelter, education, energy, economic opportunities, and jobs must be provided (Mostadam Green Building Rating System, 2020).
The KSA is the world’s leading producer and exporter of petroleum liquids and is also considered the Middle East’s leading consumer of petroleum liquids (EIA, 2020). The country’s economy is based on oil, and the energy sector is fully dependent on fossil fuels. In the KSA, investing in renewable energy and taking public transportation is discouraged; therefore, the Kingdom faces a severe problem with green gas emissions (Rahman & Khondaker, 2012). KSA is ranked 61st in the 2014 Climate Change Performance Ranking, the final position on the index (Burck, et al., 2013). As a result, it is critical for the KSA to reduce its environmental footprint and improve building sustainability (Taleb & Pitts, 2009).
Building Information Modeling (BIM) has been booming in the architectural, engineering, and construction (AEC) industry as it is being used in parallel with the continued momentum of the green building initiative during the past decade. Although entirely unrelated concepts at first glance, BIM and green building collectively are able to best address the unprecedented challenges in productivity and sustainability encountered by the AEC industry. Building Information Modeling has a tremendous effect on the building industry by increasing performance, cost-effectiveness, and productivity. Current building practices need more efficient tools to design high-performance, safe, and sustainable buildings that can achieve low carbon footprints (Everett et al., 2017). To do so, professionals in the building sector are increasingly expected to use environmental assessment systems to evaluate building efficiency in the design, construction, and operational phases (Singh et al., 2019).
Although various frameworks are such as BREEAM, LEED, CASBEE, and Mostadam now available to provide environmental assessments (Trusty, 2000), there is still a lack of convenient, reliable, and highly efficient tools that can be utilized to manage the overall assessment process using these schemes (Thérivel and Paridario, 2016; Kibert, 1994; Kibert, 2007; Kibert et al., 2002). This lack of tools has raised several critical issues that need to be considered while assessing the sustainability performance of buildings (Jaffe et al., 2005). Therefore, the introduction of Building Information Modeling (BIM) has presented a unique opportunity to optimize the sustainability performance of buildings (Counsell, 2016).
The goal of the 2030 vision is to reduce the KSA’s reliance on petrol and make the KSA a sustainable society (Jurgenson et al., 2016). Since the number of high-performance buildings in Saudi Arabia is inadequate and the rate of change is too slow, especially with climate change and the oil shortage (Economic Indicators, 2022) and (Mosly, 2016), Saudi Arabia must change its built environment and sub-structure more rapidly, and BIM can accelerate the progress in Saudi Arabia. Currently, there is no metric to measure the roadmap to achieve the goals of the 2030 vision, and the number of green buildings in the Kingdom of Saudi Arabia is very limited. To tackle those challenges, integrating BIM and green buildings needs to be pursued. The fundamental contribution of this research will be the unique approach it proposes to fulfill green building certifications such as Mostadam by integrating the functionalities of BIM. Consequently, this study aims to formulate a BIM-Mostadam model to help facilitate the green building certification process in Saudi Arabia that will support the Kingdom’s 2030 vision (Hashmi, 2016), (Mostadam Green Building Rating System, 2020) and (Mosly, 2016).
The research objectives include 1) reviewing existing methods and frameworks to measure sustainability, 2) identifying the critical elements of the KSA 2030 vision, and 3) integrating the findings into a BIM-based model for sustainability in the KSA. Due to the limited number of green buildings in Saudi Arabia, this study aims to formulate a new BIM-Based model for Sustainable Built environments in Saudi Arabia that supports the Kingdom’s 2030 vision. Therefore, the primary goal of this study is to develop a BIM-Based model for sustainability in the KSA to achieve the Kingdom 2030 vision. The study asks the following question: 1) How can Autodesk Revit be utilized to assist the Mostadam certification? 2) How can BIM be utilized to integrate the objectives of the KSA 2030 vision within the Mostadam rating system?
This research follows a mixed methodology that includes both qualitative and quantitative approaches to address the research questions. Phase I of this study focuses on the literature review and collection of available data about the 2030 vision. Phase II aims at collecting data from an online survey from AEC professionals. Moreover, phase II of this study includes developing the framework for the BIM-Mostadam sustainability platform. Phase III embrace the validation of the framework using a case study. Driven from the data collected, a new BIM-Mostadam framework will assist in attaining the KSA 2030 vision.
2 LITERATURE REVIEW
2.1 Saudi vision 2030
King Salman Bin Abdulaziz, the custodian of the two holy mosques, announced and accepted the Saudi Vision 2030 in June 2016 (Government of Saudi Arabia, 2016). The 2030 Vision attempts to wean the Kingdom’s economy off its reliance on oil export income and government spending, focusing instead on the development of the private sector and human capital (Hashmi, 2016; Hashmi and Alam, 2019). It includes explicit targets, specific objectives, and commitments that must be met by the Kingdom’s business, public, and non-profit sectors. Several ambitious goals of the Saudi Vision 2030 include: a) reducing the Kingdom’s overall non-oil government revenue from SR 163 billion ($43.5 billion) to SR 600 ($1,599 billion) by 2020, increasing to SR one trillion ($266.5 billion) by 2030; b) increasing the private sector’s contribution from 40 percent to 65 percent of GDP; and c) increasing the Kingdom’s share of non-oil exports in non-oil (Almasoud, 2016).
The NTP 2020 intends to implement the Saudi Vision 2030 through four essential pillars that will make this plan a reality. These four main pillars are privatization, governance, human capital investment, and economic diversification (Almasoud, 2016). The NTP is supported by six pillars:
• Reduce reliance on oil;
• Evaluate ministry performance and prevent corruption; and
• Achieve optimum energy efficiency.
• Expand sectors such as tourism and improve Hajj and Umrah operations;
• Create more jobs for Saudi citizens; and
• Use resources to support future projects (Hashmi, 2016).
Furthermore, the vision displays an attempt to improve all elements of the Saudi people’s growth and well-being and safeguard and preserve the environment and its natural resources. The vision also aims to protect the environment by enhancing the efficiency of waste management, cutting down on all forms of pollution, initiating large-scale recycling projects, rehabilitating and safeguarding beaches, natural reserves, and islands and making them accessible to everyone, promoting the optimal use of water resources by making use of renewable and treated water, and eliminating desertification (Government of Saudi Arabia, 2016). The government and local private architecture and engineering communities began collaborating to define sustainability and how it may be applied.
2.2 Oil in Saudi Arabia
Saudi Arabia is a prosperous country due to its oil resources. The country contains the world’s greatest oil reserves, which have significantly impacted its economic growth since the 1930s. Large-scale production did not commence until after World War II, and it accelerated in the 1960s and 1970s, transforming the country into one of the MENA region’s fastest developing countries (AIA, 2014). Saudi Arabia’s revenue per barrel of oil has more than doubled from $0.22 in 1948 to $1.56 in 1973 (Mahmood, Alkhateeb, & Furqan, 2020), (Mahmood, Alkhateeb, Al-Qahtani, et al., 2020) and (Mubarak and Nawari, 1999). Following the Arab oil embargo, the price continued to rise to $10 and higher in 1974. Oil revenues continued to rise, reaching more than $30 per barrel by 1982. Oil revenue peaked in December 1979 at $121.28 per barrel and again in June 2008 at $141.32 per barrel. Between 1973 and 1980, government oil revenue increased dramatically, from $4.3 billion to $101.8 billion (Mahmood, Alkhateeb, Al-Qahtani, et al., 2020) and (Conca, 2015). The abundant money from oil earnings provided Saudi leaders with the resources to pursue massive economic changes. The oil price has frequently dropped significantly; the price of a barrel of oil regularly ranges below $60, and it is not likely to increase above $100 for an extended period of time (Conca, 2015). These swings in oil revenue have forced Saudi Arabia to diversify its economy and transition away from oil dependence toward a more sustainable future (Mahmood, Alkhateeb, & Furqan, 2020) and (Mahmood, Alkhateeb, Al-Qahtani, et al., 2020).
2.3 Challenges of sustainability in Saudi Arabia
Various difficulties confront the KSA’s consideration of green buildings and the acceptance of LEED-certified buildings. The climate in Saudi Arabia is not conducive to the typical sprawl of Western suburban development, and there is a lack of public awareness, a lack of stakeholder interest, low levels of investment in sustainable buildings, a lack of financial incentives, and a lack of government regulations on sustainable buildings are just a few of the issues. Another barrier to the implementation of sustainable techniques in the country is a lack of awareness among design firms about how to produce feasible, sustainable buildings that include Saudi Arabian culture in the design forms (Karam, 2010; Mosly, 2016).
2.4 Mostadam, the Saudi Arabian green building rating system
Saudi Arabia developed a new green building rating system called Mostadam in January 2020 with aid from the country’s Ministry of Housing and the sustainable cleantech consultancy firm Alpin (Balabel & Alwetaishi, 2021) and (Mostadam Green Building Rating System, 2020). Their services extend from building quality assurance to sustainability evaluation. Furthermore, the Saudi Vision 2030 objectives were inspired by this rating system (Alkahtani & Nordin, 2020). Mostadam is established to suit Saud Arabia’s environmental characteristics and local climate and promotes Saudi employment and economy. In addition to that, it supports and complies with existing legislation where it aligns with the Saudi Green Building Code (SGBC) and the Kingdom of Saudi Arabia Vision 2030 (Alkahtani & Nordin, 2020) and (Balabel & Alwetaishi, 2021). Figure 1 delineates Mostadam in relation the Vision 2030. The 2030 vision focuses on three major areas that are crucial to Mostadam as a rating system:
• Water
• Energy
• Human Health and Comfort
[image: Figure 1]FIGURE 1 | Vision 2030 and Mostadam (Modified from Mostadam Green Building Rating System, 2020).
Like other green building rating systems, Mostadam contributes to energy conservation, promotes sustainable energy usage, increases water effectiveness and recycled water use, and raises global sustainability awareness. Figures 2, 3 show Mostadam rating systems and credits (Mostadam Green Building Rating System, 2020).
[image: Figure 2]FIGURE 2 | Mostadam rating systems (Modified from Mostadam Green Building Rating System, 2020).
[image: Figure 3]FIGURE 3 | Mostadam credits (Modified from Mostadam Green Building Rating System, 2020).
An increasing number of companies and businesses are beginning to view sustainability as an instrument for profitability improvement. The adoption of UN Sustainable Development Goals is expected to provide at least $12 billion in annual business opportunities by 2030. To achieve this, companies are using frameworks such as Mostadam. The fundamental objective of Mostadam is to encourage water and energy conservation, enhance waste management, and lessen the negative impact of building operations on the surrounding environment (Alkahtani & Nordin, 2020) and (Mostadam Green Building Rating System, 2020).
As highlighted in Figure 1. The Vision 2030 prioritizes three areas—an Ambitious Nation, a Vibrant Society, and Thriving Economy. These priority areas focus on several benefits:
• Protecting vital resources.
• Using resources with consideration for future generations.
• Healthy living.
• An empowering society.
• Achieving environmental sustainability.
• Developing cities.
• Increasing the energy sector’s competitiveness.
• Improving the renewable energy market (Mostadam Green Building Rating System, 2020).
The Mostadam Rating System consists of three main categories, which are: Mostadam for Residential Buildings, Mostadam for communities, and Mostadam for Commercial buildings. Each one of these categories has two subsections (Design and Construction) and (Operations and Existing), as illustrated in Figure 2 (Mostadam Green Building Rating System, 2020).
Credits for Mostadam are illustrated in Figure 3. Mostadam credits for Residential Buildings and Communities consist of a maximum of 100 points available for each project. The project score is a sum of all of the points achieved through credits. Mostadam credits for Commercial Design + Construction levels are the same, but points are awarded differently (Mostadam Green Building Rating System, 2020).
2.5 Building information modelling
For green certification and sustainability, BIM is rich in information that stakeholders may use at various stages of the project (Autodesk 2005, 2009; Azhar et al., 2011, 2016; Mahdavinejad and Refalian, 2011; Siddiqui et al., 2019a, 2019b; Roostaie and Nawari 2022). According to Miller et al. (2015); Miller and Buys (2017), BIM is also utilized to improve the built environment’s sustainability. Different sustainable design solutions can be implemented and easily traced in the BIM model. Furthermore, advanced visualization methods such as 3D renderings, green building construction animations, and solar studies can be carried out utilizing a BIM model (Azhar et al., 2017), (5 Ways Revit Supports Green Building, 2017) and (Olanrewaju et al., 2022).
Additionally, BIM’s “computation and analysis ability of the model to quantify savings and benefits” goes far beyond simply enhancing visuals. It allows designers to gain new insights into their projects, reduce risk and save money through methods like 4D and 5D analysis and clash detection, as well as simplify the process of prefabrication and system coordination. With these advantages in mind, project members can create holistic system evaluations, address transdisciplinary problems, remove waste, and save costs. BIM is more than just a graphical tool; it is also a cohesive information modeling tool with the potential to favorably impact and influence sustainability, life cycle assessment, construction waste, rainwater harvesting, and energy efficiency (Langar, 2013), (5 Ways Revit Supports Green Building, 2017) and (Olanrewaju et al., 2022).
2.6 Building information modeling and LEED
Over the last decade, the rapid advance of building information modeling (BIM) technology has dramatically changed the traditional paper-based practice of the architecture, engineering, and construction (AEC) sector. BIM is a commonly used and effective communication platform that enables the project team to design the building/infrastructure, monitor the construction work, and manage the facilities in an integrated manner. With the growing concern about the effects and depletion of non-renewable resources, BIM is also being increasingly adopted to predict and monitor the environmental impacts of construction. Past studies in the US have demonstrated that BIM can aid different areas of sustainable design and can support the LEED certification submission process. The application of BIM also allows project stakeholders, such as clients and designers, to share a single common source of information when addressing the difficulties of decision-making in the early design and construction stages.
BIM technologies are considered to provide an effective platform for attaining compliance with sustainability rating criteria. In the past few years, the application of BIM-based technologies in sustainability rating certification has attracted increasing research attention. For example, Barnes and Castro-Lacouture demonstrated that a total of 13 credits and one prerequisite in the LEED rating system can be directly calculated and documented by Autodesk Revit. Azhar et al. (2016, 2017) also examined whether LEED credits can be directly or indirectly prepared using BIM software and suggested that 17 credits and two prerequisites, which make up a total of 38 points, can be achieved by adopting BIM software (i.e., Autodesk RevitTM and IES Virtual EnvironmentTM). These include: four credit points in the sustainable site section; five credit points in the water efficiency section; one prerequisite and five credit points in the materials and resources section; one prerequisite and one credit point in the energy and atmosphere section; five credit points in the indoor environmental quality section; and one credit point in the innovation in design section (Wong and Kuan, 2014; Wong, 2015), (5 Ways Revit Supports Green Building, 2017) and (Olanrewaju et al., 2022).
2.7 Autodesk dynamo
Autodesk Dynamo was created in 2011 (see Figure 4). It is an open-source software influenced by Visual Programming Languages (VPLs), such as Grasshopper 3D for Rhinoceros 3D (Ferreira and Leitão, 2015). Its purpose is not only to generate graphical representations of complex geometries, but also to handle information flows between Revit and cloud services or a specific database in an efficient and autonomous manner (Salamak et al., 2019) and (Mahdjoubi, Brebbia, and Laing 2015) This enables users to efficiently build Revit tools without relying on programmers to provide the necessary plug-ins (Wong, 2015). However, Autodesk Dynamo may function without a Revit connection, despite its primary goal of increasing Revit’s workflow as a plug-in by building a route into its essential core (McGinley and Fong 2015), (Sanhudo et al., 2016) and (Salamak et al., 2019).
[image: Figure 4]FIGURE 4 | Revit and dynamo side by side (Author).
3 METHODS AND MATERIALS
This study used a mixed methodology that combines qualitative and quantitative approaches. The first phase of this study focuses on reviewing the literature and collecting accessible data on the KSA’s 2030 vision. Phase II intends to collect data from AEC professionals from an online survey. Furthermore, phase II of this research entails creating the BIM-Based model using Autodesk Revit and Dynamo. Phase III entails validating the model with a case study. A new BIM-Based model based on the data obtained would help achieve the water goal of the KSA 2030 vision. The validation model will be carried out on the basis of water savings and not on the basis of other criteria considered in Mostadam certification.
Figure 5 delineates an overview of the research methodology. It consisted of three phases. Phase I “basic database and review” included the use of literature where the scope identification databases were identified and the number of articles was determined, second the selection of relevant articles was determined, third abstracts were assessed, fourth number of excluded articles were determined, and finally key sustainability parameters were determined. The data were sourced primarily from academic journals, papers in conference proceedings, books, and articles from ongoing related projects. Phase II “BIM-Based” model involved the development of the BIM-Mostadam framework to measure KSA’s 2030 vision attainment levels. Phase III “validation” consisted of a survey about BIM’s feasibility in the KSA and sustainability in the KSA, collecting data about three buildings asking about the type of these buildings and important aspect of these buildings in KSA, then integrating the findings in BIM, then selecting case studies and finally doing analysis and validation.
[image: Figure 5]FIGURE 5 | Overview of the research methodology (Author).
The following is a step-by-step roadmap of the methodology of this research:
3.1 Literature review
A literature review is conducted using the following keywords “KSA Vision 2030”; “BIM and Sustainability”; “BIM and Green Buildings”; “Building Sustainability”; “Sustainability in KSA”; “Green Buildings”; “Rating Systems in the Middle East”; “Benchmarks for Sustainability”; “Sustainability Framework”; “Sustainability Metrics.”
3.2 Feasibility survey
Starting with a proof-of-concept survey. The data is gathered through Qualtrics, an encrypted and secured online host. The survey is forwarded to KSA builders, building owners, architects, contractors, and green consultants. This survey aims to explore the possibility of using existing BIM resources to promote the green building rating system Mostadam for certification of commercial and residential buildings. This research firstly looked into the actual needs, gaps and expectations in the industry regarding why and how applicable the integration of BIM and Mostadam rating system certification is in the KSA. The survey will gather views from AEC professionals on how feasible it is in technology and operation terms to integrate BIM. This survey also looks at what professionals expect and suggest this integration to be more than just an idea, a working process. The survey findings were used as a reference for the creation of the model.
3.3 Building information modeling-based application model
The development model of the BIM-Mostadam model is achieved using Autodesk Revit and Dynamo. The BIM-Mostadam model was created based on the match-up of the Mostadam credit requirements and the functionalities available from current BIM solutions. For the purposes of this research, the Autodesk Revit software suite and Dynamo software application from Autodesk are being used.
3.4 Validation of building information modeling-based application model “case study”
The application model is validated by examining a case study. A case study was used to verify and validate the BIM-Based application model. All credits (including prerequisites) were analyzed and interpreted into data requests. Using Dynamo, a water plug-in was programmed into Revit to provide design assistance, and the total points of Mostadam certification were obtained. In addition, the total water saved was attained and compared to the baseline water consumption.
4 DYNAMO BUILDING INFORMATION MODELING-BASED INDOOR WATER REDUCTION MODEL PROTOTYPE
This section illustrates a step-by-step guide of the creation of the BIM-Based model focusing on the water category of Mostadam. Architects, engineers, designers as well as owners need to manage the complexity and all aspects of building sustainability to handle tools that are able to support them in the decision-making process. The more complex a facility is, the greater the complexity that dictates the distribution of resources.
Mostadam, the Saudi Arabian Green Building Rating System, is used in this context. Mostadam intends to adopt an iterative design approach, including stakeholders and specialists. It explains how to maximize the water use of a building facility, allowing for the careful conservation of this vital natural resource, which is becoming increasingly rare. The model is based on a match between the Mostadam credit requirements and the functionality available from current BIM solutions. This study utilizes the Autodesk Revit software suite and additional Autodesk software applications.
4.1 Indoor water use and reduction
Mostadam focuses on outdoor and indoor water consumption to decrease unnecessary water usage due to the operation and development within the built environment as well as increasing water efficiency. The goal of the Indoor Water Reduction prerequisite and credit is to minimize is to reduce the community’s indoor water use through better design and appropriate technical solutions. The Mostadam rating system needs a minimum reduction of 20%. As a result, the first step is to install performing fixtures and fittings that can use 20%–60% less water than the established baseline. It is feasible to fulfill this goal by installing WaterSense labeled products or by following the Alternative Compliance Path, which attempts to demonstrate the reduction in indoor water usage by assessing a group of parameters provided on the Reference Guide and on the fixtures cut sheet. To develop the Dynamo Water Reduction plug-in, Mostadam’s Rating System 2020 was used. Table 1 below illustrates the percentage reduction associated with the points reflected for Mostadam’s Green Building Rating System.
TABLE 1 | Points for reducing water (Mostadam Manual, 2019).
[image: Table 1]To demonstrate these savings, the following equation is utilized for each water fixture type:
Equation 1: Basic Indoor Water Uses Reduction Calculation (Mostadam Rating System, 2020) and (Dynamo Visual Programming, 2017).
[image: image]
where,
• Fixture Flush: The data from a fixture should guide us through the “efficiency first” technique. It is measured in liters per minute or liters per flush. The period of use is not required in the second situation.
• Duration of use: the amount of time a user spends using a fixture in a single session.
• Uses per person per day: the number of times each fixture is typically used each day.
• Users: this number can be implemented as a design outcome or derived via an index (gross square meters per occupant).
Equation 1 must be used to calculate the baseline water consumption as well as the design case water consumption. The rate of reduction can then be calculated. The outcome will determine if the minimal requirement (W.E.—prereq.1) is reached and, finally, the points earned (W.E.- credit.2).
Equation 2: Indoor water-use reduction (Mostadam Rating System, 2020) and (Dynamo Visual Programming, 2017)
[image: image]
4.2 Revit and dynamo workflow: Implementing data and results checking
Water efficiency data clearly depends on fixture kinds and specifications, the building in which they are installed, and the occupancy rate. All of this information can (or should) be integrated into the building’s BIM model, which should reproduce and supply all data linked to each discipline’s components.
As a result, the hypothesis of having plumbing fixture information and a valuation of how many people will affect indoor water consumption is entirely credible. Starting with this basic data, the goal is to establish an automatic workflow that takes this data from the BIM model and processes it in order to validate the achievement of the thresholds stated in Table 1. Then, create a user-friendly BIM application that can apply Mostadam’s calculations, requiring only a few simple inputs (included in the Mostadam Manual) and a geo-localized BIM model, which is required to investigate the computational design method.
4.3 Building information modeling-Mostadam application model
The first step is to “prepare” data within the BIM model so that it can be easily accessed and addressed once the computational design begins. This basic step necessitates a pre-design phase in which a rigorous organization (workflow strategy, parameters, steps...etc.) is required to prevent the most prominent barriers that may arise and, at times, force us to go back and restart with a new approach. The floor plan of the BIM model utilized in this investigation is depicted in Figure 6.
[image: Figure 6]FIGURE 6 | The floor plan example used in the study.
As a result, beginning with generic plumbing fixture Revit families, we will employ the following technique to align the BIM model with the computational design workflow:
• Insert the type of the fixture into the “comments” parameter, such as “WC,” “Faucet,” “Shower,” or “Kitchen sink,” to avoid complications caused by the various family names that fixtures may have, which can lead to difficulties in collecting similar appliances (for example, a kitchen sink, a faucet, or a shower). However, the names of various shower fixtures could be different depending on the manufacturers who supply us with the<.rfa> file, the analytical plumbing data would remain the same.
• Take into consideration a parameter that is shared by all of the different kinds of fixtures, such as the location to insert flow data in order to facilitate the streamlining of the collecting phase in Dynamo using a pattern. [lpf: liter per flush (L); lpm: liter per minute (L/m)].
• Make a valuation of building users by analyzing apartment composition.
The case study was created via Autodesk Revit. It is a one-bedroom home intended for two users. This case study was created to showcase the amount of water saved when using the Dynamo Water Reduction plug-in. The Case study highlights the amount of water saved when using the plug-in compared to the baseline water used and translated that into Mostadam certification points.
4.4 Dynamo: Collecting data and performing the script
The dynamo script can be started once the approach has been determined. The expected result is similar groups of nodes, one for each type of fixture, from which the actual performance (Revit parameter) and baseline performance (Mostadam’s table inputs) can be calculated; to complete the formula, the following should be implemented: users (given data), uses per day, and, if necessary, duration of use (see Figure 7).
[image: Figure 7]FIGURE 7 | Overview of the base script.
To streamline this step, you can edit a custom node that allows you to complete only the fundamental inputs, resulting in a faster and smarter workflow that is easier to control and utilize (see Figure 8).
[image: Figure 8]FIGURE 8 | Detailed view of the toilet script (Part I).
Following the application of this workflow to each plumbing fixture in the Revit model, the results must be added and compared to determine the percentage of improvement required by the Mostadam procedure. It is possible to compute points earned directly in the BIM model using this dynamo script (see Figures 9–11).
[image: Figure 9]FIGURE 9 | Detailed view of the toilet script (Part II).
[image: Figure 10]FIGURE 10 | Part of dynamo script for Mostadam water reduction.
[image: Figure 11]FIGURE 11 | Part of dynamo script showing the computation of Mostadam point earned.
5 RESULTS
This section addresses the results and findings of this study. It highlights the factors of BIM that should be addressed to promote green building adoption that aligns with the KSA’s 2030 vision. Based on relevant literature indicated that there are some critical aspects and challenges which have resulted in a low number of registered projects and buildings in Saudi Arabia—for instance, international sustainable building rating systems do not take into account regional differences and microclimates. The results for research questions 1, 2, and 3 are addressed by combining inferences from the literature review, survey, a case study, and the development of the BIM-Based model.
5.1 Research questions 1
5.1.1 RQ1: How can Mostadam be used to measure the attainment of the KSA 2030 vision?
Based on the review of literature and data collected from the survey and the model developed, Mostadam helped in the attainment of the KSA’s 2030 vision by creating:
• More sustainable buildings and infrastructures in KSA.
• Moving the Kingdom from its dependence on oil towards the use of its natural resources and renewable energy.
• Mostadam was an inspiration for KSA’s vision 2030; their goal perfectly aligns and supports one another.
• The Dynamo plug-in reduced the water consumption in the case study provided in comparison to the baseline consumption.
Looking at Table 2. We can see the top priorities of the Mostadam green building rating system which are (water conservation, promoting energy, human health and comfort, improving waste management, and reducing environmental impact of construction practices) are also the top priorities and the core of the KSA’s 2030. They perfectly align and support one another. From Table 2 the following remarks and comments are identified:
• The KSA 2030 vision aims to promote the optimal use of water resources by utilizing renewable and treated water and eliminating desertification aligns with the Mostadam water goal.
• The KSA 2030 vision goal of achieving maximum efficiency aligns with Mostadam Energy’s goal.
• The KSA 2030 vision seeks to enhance all aspects of the Saudi population’s development and well-being and aligns with Mostadam’s Human Health and Comfort goals.
• The KSA 2030 vision goal of enhancing the effectiveness of waste management aligns with Mostadam’s Improve waste management goal.
• The KSA 2030 vision goal of establishing major recycling projects and rehabilitating aligns with Mostadam reducing the environmental impact of construction practices.
• Even though the KSA 2030 vision goals of safeguarding beaches and natural reserves and islands, making them accessible to everyone, and reducing all types of pollution, it does not have a direct alignment with the Mostadam rating system. They are still considered a significant part of the Mostadam rating system. The purpose of this green building rating system is to preserve natural resources and reduce pollution.
TABLE 2 | A table comparing the main elements of KSA’s 2030 vision and Mostadam (Mostadam Rating System, 2020) and (Dynamo Visual Programming, 2017).
[image: Table 2]The KSA 2030 vision aims to make Saudi Arabia an ideal sustainable society by reducing its reliance on petrol, creating more sustainable buildings and infrastructures, and achieving sustainability in all aspects of life, especially in the residential and commercial buildings and sustainable city sectors. Currently, there is a notably low number of certified green buildings in Saudi Arabia compared with other Gulf countries, and the rate of change is too slow, especially with climate change and the oil shortage. However, Mostadam was recently launched. Mostadam was an inspiration of KSA’s 2030 Vision. It is a rating system used to evaluate existing and new residential and commercial buildings to assist in achieving more green buildings in Saudi Arabia. Integrating BIM’s abilities and capabilities will help accelerate the Mostadam certification process and create more sustainable buildings in Saudi Arabia, which will achieve the best effect on far-reaching advancement in Saudi Arabia to accomplish KSA 2030 vision.
5.2 Research questions 2
5.2.1 RQ2: How can Autodesk Revit be utilized to assist the Mostadam certification?
BIM technologies provide an important platform to meet requirements for sustainability ratings. Previous studies in the United States showed that BIM could help in various sustainable design areas and support the process of submitting LEED certification. BIM also helps project stakeholders, such as customers and designers, share a shared source of knowledge when discussing early design and construction decisions (Jalaei & Jrade, 2015). In recent years, research attention has increasingly paid attention to the application of BIM technology in the sustainability rating certification. In particular, Barnes and Castro-Lacouture showed that Autodesk Revit could directly measure and record a total of 13 credits and one prerequisite in the framework of LEED ratings. In addition, Azhar et al. investigated whether LEED credits can be prepared with BIM software directly or indirectly and recommended the adoption of BIM software to obtain 17 credits and two conditions that makeup 38 points in total (i.e., Autodesk RevitTM and IES Virtual EnvironmentTM) These include:
• Four credit points in the sustainable site section;
• Five credit points in the water efficiency section;
• One prerequisite and five credit points in the materials and resources section;
• One condition and one credit point in the energy and atmosphere section;
• Five credit points are in the indoor environmental quality section, and one credit point is in the innovation in design section (Wong and Kuan, 2014).
Several plug-ins exist today showing how Autodesk Revit can aid in achieving LEED green building certifications, including:
• The Automated Daylighting plug-in for LEED is a new feature in Lighting Analysis for Revit. It performs extremely fast and physically accurate daylighting simulations in the cloud, delivering results for LEED IEQc8.1 2009 directly to the design environment. The service automatically generates the information you need for submission to the GBCI (Autodesk Apps for LEED Automation, 2021).
• Autodesk Revit Insight 360 plug-in that runs analysis for illuminance and validation of LEED v3 IEQc8.1 and LEED v4 IEQ Daylight Credit, Option 2 (Crea, 2017).
Autodesk Insight empowers architects and engineers to design more energy-efficient buildings with advanced simulation engines and building performance analysis data integrated into Revit. Insight improves energy and environmental performance throughout the building lifecycle (see Table 3). It combines energy, lighting, and solar analysis for a holistic approach to creative performance design (Autodesk, 2017).
TABLE 3 | A table showing the Autodesk Revit insight plug-in (5 Ways Revit Supports Green Building, 2017).
[image: Table 3]Based on past studies and literature, it has been evident that Autodesk Revit plug-ins such as Insight can help attain and accelerate LEED certification and provide better building performances. As a result, incorporating Autodesk Revit plug-ins with the Mostadam rating system will aid in the Mostadam certification process and therefore result in attaining more green buildings in the KSA.
5.3 Research questions 3
Answering question 3 is addressed by combining inferences from the literature review, survey, a case study, and the development of the BIM-Mostadam model.
5.3.1 RQ3: How can BIM be utilized to integrate the objectives of the KSA 2030 vision within the Mostadam rating system?

• Survey-The survey results were used as a guideline for more in-depth development of the BIM-Based model.
These results build on existing evidence from the AEC professionals about BIM, Mostadam, and the 2030 Vision. Upon receiving the results from the survey, it was evident that the majority of the participants were very experienced. Figure 12 below shows that 60% of the participants had more than 10 years of experience in the field. Another key demographic information gained from the survey was the participants’ educational background. Figure 13 shows that the majority of the participants were architects 32%, 15% were from a construction management background, 14% were from a sustainability and green design background, 10% were electrical engineers, 6% were mechanical and electrical engineers, and 23% were from other experiences such as (urban planners, instructors, interior designers, interior architects, professors, and faculty members at universities).
[image: Figure 12]FIGURE 12 | Years of experience.
[image: Figure 13]FIGURE 13 | Educational background.
To validate the overall level of awareness of the respondents, they were first asked about their knowledge of the basic definition of green buildings. A total of 100% of the respondents answered “YES” to the question of whether or not they had heard of a green or sustainable building. Furthermore, of the total 200 participants, 180 respondents had heard of the LEED and Mostadam rating systems, which was about 80% of the total respondents. The level of awareness in the general public and stakeholders has previously been studied, and several publications share the same results, which indicate that even though the level of awareness is still not at the desired level to some, it is still rising, and more efforts are needed to increase the level in the general public.
Moving to more focused building type questions, the participants were asked about their knowledge of the Mostadam rating system on new or existing buildings (Figures 14, 15) and whether they would be willing to use the Mostadam rating system on new or existing structures. The question states: “What is your knowledge and level of experience about Mostadam? 33% of the participants just heard about it, 43% plan to use it, 14% in one project, and 10% in more than one project.
[image: Figure 14]FIGURE 14 | Knowledge and level of experience about Mostadam.
[image: Figure 15]FIGURE 15 | LEED, Mostadam, and other rating systems in KSA.
Even though the KSA’s local green building rating system, Mostadam, is available to use, it is still in its infancy compared to LEED. This lack is because Mostadam was recently launched, and it is not widely spread in the country. However, Mostadam still showed strength and acceptance to be used in conjunction with LEED. More than 40% of the selected the preference of using both rating systems, and this will substantiate the result respondents selected the importance of using both rating systems, and this will from the question on the level of awareness of the respondents to the concept of green and substantiate buildings.
• The BIM-Mostadam Application Model was designed based on matching the Mostadam credit specifications and the functionality of current BIM solutions. The Autodesk Revit software suite and an additional Autodesk Plug-in application are used for this study. The plug-in specifically targeted the water category of Mostadam’s Green Building Rating System.
• A case Study-was used to verify and validate the BIM-Based model and the water savings were apparent when using the plug-in compared to baseline water consumption.
6 DISCUSSION
The primary goal of this study is to develop a BIM-Based model for sustainability in the Kingdom of Saudi Arabia (KSA) to achieve the KSA’s 2030 vision. This research attempts to look at the integration of BIM and green building from a systematic perspective, using the Mostadam rating system and the Mostadam certification as a unique case. The BIM plug-in was specifically used to measure the “water” category from the KSA’s 2030 vision and the water impact category of Mostadam’s.
Based on the literature review and the data collected from the surveys, various challenges exist affecting the attainment of green buildings in Saudi Arabia, including environmental factors. Because of the harsh arid climatic conditions of the country, these environmental factors must be considered in the design of a sustainable Saudi building. The literature showed that after the country’s “oil-boom” phase, the design of Saudi buildings was sadly and irrationally mimicking Western-housing designs. This shift in design practices not only neglected the cultural needs, as discussed earlier but neglected the environmental needs that resulted in the vast sums of energy consumed to cool the indoor environment. Several environmental factors were extracted from the literature review, including:
• Passive cooling
• Energy saving
• Water insulation (interior insulation)
• Water conservation
• Thermal insulation
• Thermal comfort
• Landscape
• Site orientation.
Moreover, the issues related to sustainable building materials and techniques in the Saudi construction industry need to be considered. All these factors indicate the need to develop local rating systems such as Mostadam.
7 CONCLUSION
Building Information Modeling (BIM) can significantly aid in developing a unified building performance analysis to ensure a more sustainable building design. BIM and green buildings are two main factors in the AEC field. Additionally, this research acknowledges factors of BIM that should be addressed to promote green building adoption that aligns with the KSA’s 2030 vision. Recent literature indicated that some critical aspects and challenges have resulted in a low number of registered green projects and buildings in Saudi Arabia. For instance, international sustainable building rating systems do not consider regional differences and microclimates. As a result, it is essential to develop local rating systems such as Mostadam.
This research acknowledges BIM and green buildings as the two major trends in the AEC industry. Based on that premise, it proposes a new strategy for the AEC professionals to achieve a green building certification such as Mostadam through integrating BIM and green building rating systems. In response to the research goals, the first step was to conduct a feasibility analysis survey to investigate the two most fundamental questions in the BIM and Mostadam integration: 1) What does Mostadam require; and 2) What BIM can provide to achieve the KSA 2030 vision.
Based on Saudi Arabia’s vision 2030 for achieving sustainability in all aspects of life, especially in the residential and commercial buildings and sustainable cities sectors, the “Mostadam” rating system was recently launched to evaluate existing and new commercial and residential buildings. This can be considered a result of the notably low number of certified green buildings in Saudi Arabia compared with other Gulf countries. This research uses a survey to examine the present status of sustainable structures in Saudi urban communities. The study aims to develop a BIM-Based application model to assist in implementing the Mostadam rating system. The proposed model seeks to achieve the sustainability aspects of the Mostadam green rating system and certification while supporting the KSA’s 2030 vision. The suggested model is validated by the data collected from the survey and a case study.
The current rate of gasoline supply in the Kingdom of Saudi Arabia is unsustainable. As a result, the Kingdom established its 2030 vision to solve this issue. The 2030 vision seeks to make the KSA a more sustainable society by reducing its dependency on fossil resources. Even though green buildings are being built in many countries worldwide, they do not have the same recognition and acceptance in Saudi Arabia. The absence of rules and regulations promoting the country’s sustainability and green buildings has revealed this gap. Due to the low number of green buildings in Saudi Arabia, this study intended to develop a new BIM-Based model for Sustainable Built Environments in Saudi Arabia that meets the Kingdom’s 2030 vision, specifically water conservation. The Dynamo plug-in is able to calculate water saved/reduced compared to the baseline water consumption and transform that into percentages of reduction. Based on the rate of reduction (20%–60% from baseline consumption), the points earned towards the Mostadam Green Building rating system can be calculated. Therefore, the BIM-Based application model can improve sustainability in the KSA by reducing water consumed and translating that into points earned towards the Mostadam Green building rating system which supports and aligns with the KSA vision of 2030. The Saudi Vision 2030 has set a plan for future generations to succeed and live in a stable economic environment in which the private and governmental sectors collaborate to increase the country’s income and natural resources. As a result, Mostadam and the KSA vision 2030 can be attained using the proposed BIM-Based application model.
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