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Abstract

:

Riyadh, the capital of the Kingdom of Saudi Arabia, is now presenting itself as one of the most attractive capitals in the Middle East, with a number of ambitious expansion projects that aim to develop the city and align its urban development with the goals of Vision 2030. This urban renaissance requires researchers to adopt evaluation approaches (BSAMs) based on comprehensive sustainability criteria represented by environmental and cultural sustainability, community engagement, and economic feasibility. This research relies on the ETE methodology to determine evaluation criteria and their weights, which is a systematic and interactive method of prediction based on the opinion of a group of experts, or what is known as the Delphi method. Experts answered questionnaires to determine the weights of the criteria in three rounds where they received an anonymous summary of the experts’ predictions from the previous round with the reasons they provided for their judgments. The responses were then analyzed to identify recurring and converging themes and contradictions using the top-of-priority similarity to ideal solution (TOPSIS) technique, thus deriving an integrated evaluation model. The model was applied to evaluate architectural practices in Riyadh through three major projects: the King Abdullah Petroleum Studies and Research Center, the King Abdullah Financial District, and the King Abdullah Financial District Metro Station. Data sources included comprehensive site visits, detailed project documentation, and expert evaluation through structured questionnaires to gain a realistic view of attitudes towards architectural needs and sustainability. This adds to the knowledge on how globalization interacts with the urban renewal landscape in Riyadh and encourages us to continue proposing effective evaluation models by drawing attention to the multidimensional nature of sustainability. This in turn points to the need for continuous re-evaluation of architectural activities in Riyadh through project evaluation results that attest to their compatibility with international standards and local cultural contexts. Overall, the proposed evaluation model has proven successful in testing projects at the local level by providing a sustainable framework. The results showed that projects adhere to varying levels of sustainability requirements, but, more importantly, these evaluation models were developed to rationalize accelerated construction processes.
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1. Introduction


Construction processes indicate the occurrence of social development and its impact on people’s quality of life [1]. It is a measure of the extended economic performance of both developed and developing countries, with significant contributions to the GDP of these countries. The outputs resulting from this industry are “buildings”, which are one of the most important necessities of life [2]. The rapid urban expansion witnessed by Riyadh provides a unique and representative example for studying global urban development aspects [3]. Nowadays, there are challenges facing contemporary architecture represented by spatial globalization. In rapidly developing places, there is a concern that the construction process risks creating a mere “copy” of one place in another—in other words, that cities become “copies” of other cities [4], with buildings moving from one context into another without considering their impact or adopting a sustainable approach to design. A recent literature review Frantzeskaki (2017) on “urban development” points to shifts towards sustainability adoption and an increasing focus on the urban context and examination of different dynamics in the sustainability transition [5].



Cities have increasingly been identified as particularly important places for sustainability transitions and related system innovations to emerge and unfold [6]. Sustainability assessment has been identified as one of the beneficial tools that exists, and it can be used in order to foster sustainable development, ranging from the design and construction right through to management stages [7,8]. Nowadays, many countries or researchers have developed related indicator frameworks to evaluate an individual building or entire cities [9], such as the Leadership in Energy and Environmental Design (LEED) from the United States [10].



Analyzing the current architectural environment in Riyadh through the lens of globalization reveals many complexities. Over the past decades, different architectural trends have been introduced, which, under different names and with similar contents, point to the same direction )modernity) in everything, including architecture. In most cases, they have focused on incorporating the principles, characteristics, and elements of sustainable design, but have suffered from a gap in the comprehensive evaluation approach [11].



While the application of global technologies and sustainability practices may be entirely beneficial, the overuse of architectural materials and features that are incompatible with the local context is becoming increasingly worrisome. This is an ongoing discourse that emphasizes the balance between global influence and local reality [12], thus placing at its heart the fundamental challenge of architecture as what works and what does not [13]. Indeed, the emerging focus on global architectural trends has led critics to assert that expansionist projects, such as these, have grossly neglected contextual issues of a local nature. This adoption of global architectural models reflects the quest for modernity in architecture, but when replicated on a large scale in many countries, it has led to this research interest in a comprehensive understanding of the contemporary architectural landscape in Riyadh in light of globalization from a sustainable perspective [14].



There is a lack of research on measuring the sustainability of urban development at the community level. This is generally performed in a subjective and one-sided manner when it comes to selecting and weighting indicators. Most studies on sustainability assessment take the perspective of consistency, with certification bodies, such as LEED or others, dealing only with energy consumption, ignoring the economic and cultural dimensions of sustainability [15,16].



Many studies [17] argue that some community-level indicator frameworks for measuring sustainable urban development, such as LEED-ND and BREEAM-Communities, also neglect to comprehensively analyze the social, economic and environmental aspects of sustainability. They exhibit ambiguity and shortcomings in weighting, scoring, or ranking systems. Furthermore, the number and type of indicators also differ significantly among these proposed indicator frameworks.



Too many indicators make data collection and assessment cumbersome [18], while a few indicators cannot provide full insight into any assessment.



The ongoing discourse on the balance between global influences and cultural authenticity underscores the inherent challenge in the architectural field of distinguishing what is appropriate and what is not. It is important to recognize that while the focus on global architectural trends and expansion projects has gained attention, criticism has arisen regarding the neglect of local contextual issues [19,20].



From this standpoint, the importance and methods of assessing the sustainability of buildings (BSAM) are established to enable project stakeholders to understand the expected and actual sustainability performance of their buildings [21], but they are often applied in a technical and quantitative manner without considering other sustainability measures. Hence, the idea of research in an attempt to propose an integrated assessment model has emerged.




2. Method


The literature review is the first step needed to identify the most important sustainability indicators worldwide; then, these indicators will be refined and integrated to avoid duplication, and a model will be proposed that includes all environmental, cultural, and social criteria. These consist of the basic and sub-criteria under which the indicators fall. The current study relied on the expert judgment method to evaluate the proposed model and to assign weights to each indicator. This is a recognized and valid approach, especially when empirical data are limited or difficult. Examples of expert assessments, including weights, were collected from 11 out of 17 experts contacted in the fields of architecture and sustainability, urban renewal, and construction project management, and officials of some major projects in Riyadh. The study preferred participants with longer experience in the field of sustainable architecture and urban development, especially those who have worked in Riyadh or in a similar context. Studies emphasize expert background as one of the ways to secure data on the basic foundations of the subject [22]. In fact, the expert judgment framework builds on the sound foundations established by the literature by emphasizing the fact that expert judgment, where there is a lack of quantitative data, will yield crucial insights [23]. This research adopts the Delphi method, also known as the ETE [24] method (estimate–talk–estimate) [25], to determine the evaluation criteria and their weights, which is an interactive method of prediction based on the opinion of a group of experts. Experts answered questionnaires to determine the weights of the criteria in three rounds, where they received an anonymous summary of the experts’ predictions from the previous round along with the reasons they provided for their judgments (see Figure 1).



Several studies have shown that 10–12 expert respondents are sufficient to confirm the validity of the results, as these types of studies do not rely on statistical inference [25,26,27]. The optimal weights for the main items derived from the survey data were then estimated using the best and worst case TOPSIS method. The results were reviewed with the expert respondents again in order to confirm the final weights [28]. Then, the study examined leading architectural practices in Riyadh by evaluating a model that analyzes three major projects: the King Abdullah Petroleum Studies and Research Center, the King Abdullah Financial District, and the King Abdullah Financial District Metro Station. Data sources included comprehensive site visits and detailed project documentation. These projects were subjected to a comprehensive analysis according to the model that was constructed.



	
Literature review






Urban growth in new urban communities requires certain conditions: to achieve comprehensive gains in sustainable development, a balance must be struck in progress across societal, environmental and economic dimensions. This balance will bear fruit through an ecologically healthy environment, harmonious social coexistence, and long-term economic growth [29].



Previous research on the issue of sustainable urban development in urban communities includes disciplines related to the evaluation of community conservation initiatives and case studies of sustainable communities [30]. Until recently, this movement started to take hold only in developed countries, such as the United Kingdom, the United States, and Japan [31].



Furthermore, the New European Bauhaus initiative [32], introduced in 2020 by the European Union, aims to accelerate the green transition across sectors of the economy, society, and everyday life. The solutions being put across entail rebuilding cities, retrofitting buildings to ensure affordable housing, and construction in line with carbon neutrality [33].



Appropriate indicators can be applied, above all, within a comprehensive framework which allows for the evaluation of sustainable practices [34]. The DSR model, proposed by UNCED, chose 58 indicators that evaluate 22 countries and regions [35]. Case studies regarding Vietnam, Mexico City, and a host of projects dealing with community level urban development projects, such as Masdar Eco-City in the UAE, also show that the assessment toolsets utilized within a specific economic, social, and cultural background would greatly enhance development functions in terms of sustainability [36]. However, the comprehensive assessment for most of these projects is currently missing many aspects, including the influence of location. For instance, Egyptian urban development projects illustrate that developments can place pressures on surrounding older cities due to a lack of facilities and services [37]. There is even quite a marked disparity between concept and reality in some European cities, despite the successes of a sustainable approach to urban development [34].




3. Building the Proposed Sustainability Model


	
Classifying the Most Important Sustainability Indicators Globally






Several major bodies play a significant role in advocating for environmental standards and certifications in sustainable architecture and building practices. Energy Star and the International Energy Agency, in particular, are vital in measuring energy efficiency based on the amount of energy used per square foot [38]. The World Carbon Project and World Resources Institute are involved in measuring greenhouse gas emissions from buildings [39]. The AWS Water Stewardship Alliance and the Global Water Partnership provide guidelines for efficient water use to address water conservation [40]. In terms of indoor air quality, the WELL Building Standard and the WELL International Building Institute review indoor pollutant levels, such as volatile organic compounds and carbon dioxide [41]. These sustainable materials have ratings from entities, such as LEED, for the use of recycled or sustainably sourced materials, and the Cradle to Cradle Certified product standard. Similarly, waste management practices are supported by LEED and ZWIA [42]. Biodiversity in Good Company and the International Union for Conservation of Nature monitor biodiversity impacts [43]. The RE100 initiative and the World Renewable Energy Council call for a commitment to 100% renewable electricity among participating companies [44]. Finally, site sustainability and urban development impact can be assessed through certifications, such as LEED-ND and BREEAM Communities [45].



ASHRAE [46] standards address thermal comfort, while International Organization for Standardization (ISO) [47] guides building lifecycle assessments. Similarly, the USGBC regulates the LEED [48] certification process, which has 60 credit points on different sustainability measures. The criteria provided assess buildings on natural light and acoustic performance, with LEED credit awarded for daylight access and sound insulation. ILFI [49] also sets very stringent standards through its Living Building Challenge; under the LBC, buildings must meet 20 indictors to achieve certification. For example, the CASBEE framework—particularly its city-focused iteration—allows for urban sustainability assessments, while BREEAM for Communities sets sustainability standards for community development. The German Urban Building Association evaluates new urban areas, including the DGNB [50], and valuates new urban districts with the DGNB-NS certification. Additionally, the Assessment Standard of Green Eco-district (ASGE) [27] facilitates local eco-district evaluations [51]. For example, UN-Habitat [52] defines social indicators, such as social equality in housing. In contrast, community participation is promoted through local development organizations. Health and safety compliance in building design is regulated by the Occupational Safety and Health Administration in cooperation with ISO 45001 [53]. The economic impacts of the Global Reporting Initiative for construction projects under the Global Reporting Initiative are aligned with the targets set by the UN Sustainable Development Goals [54]. The International Labor Organization reports on indicators related to job creation. It also allows for the preservation of community culture through local organizations and is a way to ensure access to cultural facilities through local government agencies. IDEA [55] also advocates for civic engagement in governance issues to ensure that communities are involved and well informed about sustainable development practices. Table 1 summarizes the most important global codes and standards for achieving sustainability.



While the above sustainability indicators available so far in architecture and construction practices provide constructive assessments, most fall short of representing a comprehensive assessment model for the environmental, economic, social, and cultural dimensions. Inclusion of other meaningful indicators of economic viability, such as return on investment and long-term cost savings, would also add more insight into financial sustainability. Social equity, access, and community well-being dimensions have to be incorporated if the process is meaningfully to contribute to benefit all residents. Community engagement in cultural sustainability indicators would also ensure the preservation of local heritage and cultural identities. Only by applying all of those indicators within one assessment model will stakeholders understand what sustainability truly means and make better decisions to accomplish high-quality buildings that serve both current and future generations.




4. Process of Selecting Suitable Indicators for the Local Context


The Delphi method [58] was used in collaboration with a multidisciplinary team of experts, namely 11 expert team members in the field of sustainable design and urban studies, as well as experts working on key projects in Riyadh, to build and enhance these indicators. We commenced by defining the purpose of our research and its importance in terms of architectural sustainability in all of its comprehensive dimensions through in-person meetings and using Zoom technologies Version 6.1.1 (46889).



A set of straightforward and concise questions was constructed in order to gauge the opinions of the experts on the various indicators of sustainability. In the first round, comments with regard to the relevance and feasibility of the indicators were to be made by the experts. The responses were then analyzed to identify recurring and converging themes and contradictions using the technique for order of preference by similarity to ideal solution (TOPSIS) [59]. After two rounds, the development of the assessment criteria was performed to provide an orderly procedure to determine the effective and efficient impacts that different projects have, considering multidimensional criteria varying by their sub-criteria and weight. This comprehensive framework evaluates architectural contributions in key areas of high importance, such as sustainability [60], economic integration, cultural value, community integration, and urban connectivity. We applied these filtered indicators to the three most prominent projects in Riyadh and followed the impact that these would have on sustainability outcomes across time. In this way, the Delphi method and TOPSIS technique have allowed for structured and meaningful collaboration, with useful insight into the advance of sustainability in its comprehensive meaning (Figure 2). Accordingly, there were comments on the evaluation model according to sets of basic criteria. The main environmental criterion was sustainable design [61], of which aspects are included at various stages of architectural projects by in order to meet the requirements for LEED certification, as well as for the verification of the efficiency of advanced technologies and a design feature assessment that tackle the environmental criterion [62]. The LEED compliance review upholds the importance of recognized standards for sustainability and, therefore, reflects a project’s commitment to energy efficiency and care for the environment.



Critical evaluation of advanced technologies is important, since high scores under this category reveal their relevance to enhancing the sustainability of the built environment. Furthermore, creative solutions for energy consumption reduction and prioritizing sustainability give full support to achieving sustainability goals in an architectural design. However, the sub-criterion was low for the selection of materials, which might imply difficulties in quantifying sustainability in material selections or a tendency towards greater prioritization in operational aspects over the consideration of materials. The framework also focuses on the strategy of conserving water and improving indoor environmental quality. This is an indication of a holistic approach that considers the indoor and outdoor environmental impacts, according to Kibert 2012 [60].




5. Proposed Model According to Expert Evaluation


According to the criteria and weights determined by the experts and according to the following tables, this research determined the presence of four main criteria: environmental (53.99%), technological and economic (24.36%), cultural (18.48%), and urban connectivity (3.17%). The environmental criterion is dominant, reflecting its decisive contribution to any form of sustainability assessment; it is supported by three sub-criteria and 15 indicators in total, as in Table 2. As weighted by the experts, Table 2 shows the evaluation of the environmental criterion in three sub-criteria, namely sustainable design, the urban heat island effect, and smart building technology, with the overall score of each representing its overall contribution to environmental sustainability. The highest score by far was in the sustainable design category, 1.1, which ranged from 4.00% to 5.09%, with a total score of 23.62 out of 100. The criterion with the highest average percentage in the same category was E1.1.4 (design features aimed at reducing energy consumption), with an average percentage of 5.09%, drawing significant attention to the design feature with the lowest environmental impact. In contrast, this urban heat island effect category scored significantly lower at 2.1, with an overall score of 15.64 out of 100 and individual averages peaking at just 3.45%. The conclusion here is that relatively little attention has been paid to strategies aimed at mitigating heat islands, such as the use of cool roofs or the incorporation of shading structures. The lowest score for water feature implementation was 2.82% for E2.1.5, indicating significant scope for innovative design to improve the local climate. Finally, the lowest overall score was for the smart building technology sub-criterion at 3.1, with a total of just 14.73 out of a possible 100, indicating that advanced building technologies to enhance energy efficiency and occupant comfort were not highly rated. The average score in this group is highest at 3.36% for smart technologies, indicating a fair level of awareness regarding the technology and a little of its potential, but also indicating significant scope for improvement in terms of actually leveraging these technologies to achieve sustainability goals, as in Figure 3. Overall, this table represents the interest of organizations in sustainable design elements with a strong push to increase awareness and implementation strategies related to the urban heat island effect and smart building technology needed to create a more integrated approach to environmental sustainability. The cultural criterion had two sub-criteria and six indicators with a weight of 18.48%.



The technological and economic criterion came in second place, with two sub-criteria and six indicators, as in Table 3. The technological and economic criterion was assessed through two main sub-criteria, namely international experience and role as an economic hub, whose overall ratings indicate the relative contributions to project success. The international experience group, which received an overall rating of 12.54 out of 100, indicates that partnerships with international architectural firms are expected to be favorable, as evidenced by the relative range from an average of 4.07% to 4.27%.



Innovation in design through collaboration ranked highest at 4.27%, indicating the level of international partnerships that may be important in achieving innovative and improved architectural practices. For example, the assessment of technological development due to collaboration was rated at 4.09%, which was an indication that such collaborations have introduced the adoption of sustainable technologies and innovative construction techniques that significantly enhance the quality of projects. The overall average of 4.18% that came from the analysis of multidisciplinary perspectives that influence integrated design solutions (T1.2.3) supports the fact that diverse technical inputs are important in enhancing project creation, as shown in Figure 4.



On the other hand, the sub-criterion “Role as an Economic Hub”, which reflects the project’s impact on the economic landscape in Riyadh, totaled 11.82 out of 100. The potential to attract multinational companies from this project (T2.2.1 and T2.2.2) reflects a competitive impact in the region, with these aspects scoring 4.09% and 4.18%, respectively.



The cultural criterion has two sub-criteria and six indicators, with a weight of 18.48%, as in Table 4. Two sub-criteria, namely cultural integration and community engagement, will determine the role of architectural design in relation to the culture of the population and community dynamics. The cultural integration category provides an average level of focus overall, with a total score of 10.64 out of 100 in terms of incorporating Saudi cultural elements and architectural heritage into the design concept. The highest score within this sub-criteria represents the incorporation of traditional Saudi architectural style, C1.3.1, at 3.91%, which, while appreciating traditional aesthetics, still leaves significant room for further improvement in the full integration of local architecture. This is followed by the assessment of the project’s sensitivity to local cultural values and aesthetic preferences, C1.3.2, at 3.64%, reflecting a significant approach to contextual design. However, the score of 2.91% is relatively lower, confirming the low rating of these criteria from the experts’ perspective. In contrast, the sub-criterion for community engagement has a total score of 7.84 out of 100, highlighting the importance of social cohesion and cultural exchange. The highest score in this category was given to the provision of spaces that allow for community activities, which was 4.64% in criterion 2.3.1. While the assessment of the effectiveness of these spaces in promoting inclusion and community engagement was 4.00% in C2.3.2, it can be said that while there are positive examples of inclusive community space, further improvements are still needed in terms of the real needs of inclusive diversity within the community, as shown in Figure 5.



On the other hand, it had the least weight, which means that it could be a less important point in this context with 3.17%, and, therefore, one that should be given more attention in further research. Table 5 assesses the connectivity of urban areas in terms of pedestrian-friendly infrastructure and public transport facilities. The performance of the indicators reflects significant gaps: for example, the integration of pedestrian-friendly infrastructure (U1.4.1) was 1.71%, while the effectiveness of public transport and connected public spaces was lower at 1.46% (U1.4.2). These low percentages lead us to consider the idea that there is a significant lack of consideration of walkability and accessibility in the urban environment, perhaps indicating that the experts participating in the assessment did not fully emphasize supporting the mobility of residents and visitors, as shown in Figure 6.



The tables confirm the main criteria that support the sustainability assessment as follows: environmental with 53.99%, technological and economic with 24.36%, cultural with 18.48%, and urban connectivity with 3.17%. The leading position of the environmental criterion can be explained by the fact that it covers more than half of the total assessment and, thus, logically plays a fundamental role in shaping sustainable practices and policies. In fact, this criterion is supported by 3 sub-criteria and 15 indicators, which indicates a very broad base for assessing environmental impact.



Then comes the technological and economic criterion, with a weight of 24.36% and two sub-criteria, meaning that advanced technologies and related economic considerations are part of sustainability assessments but do not play the main role. The cultural criterion has a relatively lower weight of 18.48% and includes two sub-criteria, thus stating that cultural integration in sustainability practice is expected but may not be given as much emphasis as the environmental or technological aspects. Urban connectivity represents the lowest level with 3.17%. This means that the weight given to this dimension is minimal, and, therefore, urban connectivity is not really addressed by the proposed sustainability framework derived from experts, as shown in Figure 7. This then becomes a point of concern that could be taken into account in further research and development processes. Indeed, increased mobility and access to new places could prove to be a cornerstone towards better community integration and sustainability, and, therefore, there is a need to focus more on urban connectivity in further studies. The current focus on the environmental criterion is deserved, but an integrated view of sustainability in an urban context will require a balanced approach that gives at least equal weight to issues of urban connectivity and cultural and technological considerations.




6. Implementing on the Case Studies


All available information on the three projects was sent to the expert committee tasked with determining the weights, in addition to the researchers’ participation in the evaluation after determining the evaluation model and determining the weights. These data collection tools included field visits to collect field observations and analytical descriptions, consultation with project stakeholders, and site photography in February 2023. The case projects were selected due to their strategic importance within Riyadh, allowing the study to be more in-depth in their impacts. The three projects were also designed and implemented by international experts, which helps the research in monitoring how to deal with global trends. Given the climatic conditions in Riyadh, this study will receive another boost in environmental feasibility, and special attention will be paid to how architects adapt their strategies to the prevailing environmental conditions. The next part contain short descriptions of each project.



	
King Abdullah Financial District (administrative building)






King Abdullah Financial District study and inventory: King Abdullah Financial District KAFD in Riyadh (Figure 8) [63].



Saudi Arabia is one of the mega development projects where major players, such as the Saudi Stock Exchange, the Capital Market Authority, and some international banks, are operating. The KAFD is valued at an estimated USD 7.8 billion is spread over 1.6 million square meters [64]. Community service buildings, such as mosques, should not be thought of as the attractions in any one impressively beautiful and neat tourist areas. These attractions include the Al-Wadi Park–Aquarium and the Museum of the Built Environment to cater to the interests of all types of inhabitants and visitors. A number of design architectural firms [65], including HOK (St. Louis, MO, USA) [66], SOM (Chicago, IL, USA) [67], Gensler (San Francisco, CA, USA) and Foster + Partners (London, UK) [68] were commissioned to deliver the buildings’ designs as part of the project. Generally, the project was guided by Henning Larsen Architects. The King Abdullah Financial District is supposed to house around 50,000 residents. Due to the temperatures that exist in Riyadh, numerous options are made available to control the temperature and efficiency in the complex. Cooling of the pedestrian bridges will be provided, and will act as part of a defined network to connect 30 buildings through the installment of a solar power system, as shown in Figure 9.



This would, in turn, reduce the environmental impact on the area and at the same time increase access and connectivity within the development. The KAFD has received its LEED Platinum certification for Neighborhood Development from the U.S. Green Building Council [69]. On top of that, the center (the subject of the study) has also received more than 15 certifications at the platinum, gold, and silver levels, respectively, demonstrating a high commitment to sustainable architectural practices. It has also received the Smart Score Platinum certification from Wired Score, proving that the financial center is distinguished by exemplary standards in user experience, cost efficiency, sustainability, and future readiness at the forefront of smart infrastructure. The King Abdullah Financial District is a mark of collaborative excellence, with more than 25 global design and architecture leaders who have contributed to its success. Most of the architectural achievements of this center have been recognized around the world, such as the Best Good Design Award and the International Architecture Prize for Omrania’s design of the KAFD Grand Mosque, Figure 10 [70].



	
KAFD Metro Station






The King Abdullah Financial District includes the King Abdullah Financial District Metro Station, designed by the famous architect Zaha Hadid, who won the project despite competition from other famous firms, such as Henning Larsen and Hoke [71]. The KAFD Metro Station is shown in Figure 11.



According to Zaha Hadid Architects, the King Abdullah Financial District Metro Station in Riyadh uses organic design elements from nature; the geometric formations made with meticulous detail can be easily seen from the outside and contribute to dissipating part of the solar heat to preserve the project as a public space for the city. The new building will have six floors with two levels of underground parking. The station is two levels underground, with five levels above ground for car parking, designed to cover a ground area of 45,000 square meters [72]. The Royal Commission for Riyadh City is realizing the metro project in Riyadh as part of the sustainable development of modern cities, hence meeting the needs of a fast-growing population.



Some of the lines included within the metro network include the Blue Line, Yellow Line, and the Purple Line, among others, with the aim of reducing private car travel by a good percentage [65]. The organic design details of KAFD Metro Station manifest the relationship with nature through smooth line. As seen in Figure 12, intricate patterns give the station a reduced solar heat image, representing its relationship with the surrounding desert. It can be envisaged as a multifunctional public platform rather than a transport hub as Riyadh moves into the future of all-inclusive urban development [65].



	
King Abdullah Petroleum Studies and Research Center (KASARC)






The King Abdullah Petroleum Studies and Research Center (KAPSARC) serves as a research and advisory organization, specializing in global energy economics and sustainability [73], and is shown in Figure 13. KAPSARC aims to improve sustainable energy practices and advance understanding of energy economics worldwide, leveraging multidisciplinary approaches to deliver real value and tangible results at global scale. The project covers an area of 70,000 square meters and consists of five separate buildings. These include the Energy Knowledge Center, the Energy Computer Center, and the Conference Center. Having obtained observer status with the United Nations Environment Program, the center has gained wide fame by receiving many awards and accreditations. The project has been awarded LEED Platinum certification, and incorporates advanced passive cooling techniques through the use of wind traps for natural ventilation [74].



The project also achieves increased community connectivity through pedestrian access to a central public plaza. Each building has a hexagonal cellular envelope blocking natural light and an integrated crystalline shape, allowing it to blend into the desert landscape and protecting interior spaces from direct sunlight, amplifying natural cooling processes, and allowing transparency between researchers and visitors. The engineering teams working on the project had to develop repeatable structural envelopes using a PTFE glass fabric that could meet the requirements of high transparency versus strength, as shown in Figure 14.




7. Results (Implementation of the Evaluation Model)


In the next phase of the research, the results of the analysis of the projects described above will be presented in brief, highlighting the key findings and insights drawn from the data collected. We will begin by tabulating the results and then analyzing them, as seen in Table 6. This overview will serve as a basis for a deeper discussion, exploring the implications of these findings in relation to the overall objectives of the research. Factors, such as project effectiveness, sustainability, and contribution to the field will be examined. In addition, potential challenges encountered during the analysis will be addressed, along with recommendations for future research directions.



Analysis: For sub-criterion 1—Sustainable Design, the KAPSARC’s project, achieved an overall average of 86.93% through expert judgment assessment, with an average variance of 4.0% from the KAFD. The KAPSARC’s high performance was supported by a score of 95.54% in certain criteria, such as LEED certification and implementation of advanced technologies, while the analysis of materials selection based on sustainability criteria resulted in a score of 94.25%. The KAFD, in turn, showed average results in the advanced technologies applied sub-criteria (92.87%), while its energy consumption rating was much lower and fairer at 78.78%. The average in the measurement results was 68.13% higher than the average for the KAFD Metro Station, as in Figure 15.



The second sub-criterion concerns the assessment of the urban heat island effect, where KAPSARC achieved a high overall score of 87.53%, to show appropriate strategies which have been put in place to reduce the effects of the heat island, recording a score of 95.05% regarding the use of water features and thermal mass. The King Abdullah Financial District scored very strongly in the selection of heat-resistant materials, with a score of 97.24%, while all other indicators were comparatively low. In sharp contrast, the King Abdullah Financial District Metro Station received a score of only 33.76%, which underlines that the project did not undergo adequate studies before being implemented, as shown in Figure 16.



Analysis: While the ranking of “Smart Building Technology” is another story, the KAPSARC shows the overall highest achievement of 82.42% and is very strong in terms of energy-efficient HVAC systems, with a score of 89.97%. On the other hand, the KAFD, has a score of 84.66%, yet attains the highest level for this project in terms of building automation system, scoring as high as 96.21%. However, the KAFD MS scored only 65.99%; thus, it needs further changes in implementation when it comes to smart technologies, especially since it recorded a 37.94% in terms of renewable energy integration. This shows that KAFD MS has to be strategically enhanced in terms of renewable energy adoption as well as in terms of the integration of advanced smart technologies that will increase the efficiency of operation and enhance occupant comfort (Figure 17).



The evaluation of “International Expertise” across the KAPSARC, KAFD, and KAFD Metro Station (KAFD MS) shows that collaboration with internationally renowned architecture firms provides a strong driving force for design innovation and technological advancement, as in Table 7. The KAPSARC leads at 93.46%, indicating outstanding performance in ensuring the development of innovative designs, expressed at 94.15% for TS1, and incorporating third-party views, depicted at 96.41% for TS3. This is indicative of great concentration on holistic project development. The KAFD comes next with 90.75%, mainly catching up through integrating technology developments at 94.62% for TS2. While the KAFD scored 83.73% in the portrayal of varied standpoints, there is yet more room for improvement in this regard. Overall, the KAFD MS scored 84.05%, which in itself is laudable; however, it suffers in terms of presenting diverse perspectives, since its score was only 73.21%. This indicates that the station must improve its effectiveness in terms of its cultural and contextual relevance to the environment. More emphasis will have to be directed toward incorporating a greater scope of perspectives if project improvement is to be effectively consistent with the community and the needs emerging therein (Figure 18).



In the “Role as Economic Hub” analysis, the King Abdullah Petroleum Studies and Research Center and King Abdullah Financial District succeeded in attracting international businesses overall, with a score of 83.33% achieved by the KAPSARC and a score of 87.82% achieved by the KAFD. The King Abdullah Petroleum Studies and Research Center performed especially well in attracting a house of multinational corporations, with a score of 89.24% for TS4, and in enhancing the reputation of Riyadh in the global perspective, with a score of 86.48% for TS6. By contrast, the KAFD Metro Station KAFD Metro Station came last in this analysis, with an overall achievement of 69.71%, especially lagging behind in terms of business attraction score, which it obtains only 50.61% in TS4. This indicates that KAFD Metro Station needs to increase its presence and relevance while genuinely exercising strategic moves, as shown in Figure 19.



Cultural integration was analyzed in the KAPSARC, KAFD, and KAFD Metro Station design concepts with various degrees of success for the implementation of Saudi Arabian Culture, as shown in Table 8. The KAPSARC has the highest average with 89.01%, so it represents an effective incorporation of traditional Saudi architectural styles, showing the highest scoring of 88.24% for motif–material incorporation, as can be seen clearly from the graph.



Additionally, the KAPSARC’s sensitivity to local cultural values achieved 84.34%, and its ability to enhance project identity and authenticity scored a remarkable 95.88%. In contrast, the KAFD MS project shows a significant gap, especially in integration with local reality at 27.88%. Overall, enhancing cultural integration in the KAFD MS project is crucial to fostering a deeper connection with the local context and community identity, as shown in Figure 20.



The evaluation of community engagement within the KAPSARC, KAFD, and KAFD Metro Station highlights the place provision for cultural exchange and social cohesion: KAPSARC reported an average score of 30.99%, indicating moderate effectiveness in creating spaces that foster community activities, with a score of 28.23% for facilitating these spaces.



At a slightly lower rank, the KAFD reached an overall average of 23.60%, with a focus on inclusivity reflected in its scoring of 57.81% for the assessment of the effectiveness of these spaces. In very strong contrast, the KAFD MS scored very highly in terms of community engagement, with an overall of score 85.84% and a perfect score of 100.00% regarding space for community activities. It was a sign of strong resolve aimed at the betterment of social interaction and cultural exchange, probably acting as a model for future architectural projects with the aim of integrating communities. The results indicate that the KAFD MS may benefit from sharing best practices with the KAPSARC and KAFD to further improve its community engagement strategies, as shown in Figure 21.



According to Table 9 and through analysis, it was found that the KAFD achieved a very high pedestrian infrastructure achievement rate of 90.06%, while in the KAFD, it was only 65.50%, proving that the KAFD promotes walkability more effectively. For the effectiveness of public transport facilities, the KAFD has an advantage of 91.78% versus the KAFD’s 80.14%. The total speaks for the KAFD’s stronger performance in ensuring smooth movement and accessibility, with a score of 90.85%, while the KAFD’s is 72.24%, indicating further improvement in its urban connectivity strategy (Figure 22).




8. Discussion


	
The environmental assessment indicates a significant gap between the KAPSARC and other projects in terms of sustainable design and environmental impact. According to the points described, the KAPSARC has demonstrated excellence in achieving the highest standards in terms of sustainability, especially with regard to LEED certification and the selection of the most advanced materials, which tend to focus on the project’s commitment to having a minimal environmental impact. While the KFDC demonstrated proficiency in energy efficiency technologies, it failed to effectively reduce energy consumption and the urban heat island effect. It scored significantly lower in several measures of use of heat-resistant materials and strategies towards incorporating water features. To this end, although both projects received an award for sustainability, the KAPSARC’s superior approach to sustainable design methodologies distinguishes it as a leading model for future developments that seek environmental sustainability.



	
From a technological and economic perspective, the KAPSARC achieved above-average performance in smart building technologies, with particular attention to energy-efficient systems. The project scored highly for HVAC efficiency and improved building technologies, meaning it has sufficiently improved occupant comfort and operational efficiency. From an economic perspective, the KAPSARC’s strategy will yield significant cost savings in the long run and is, therefore, a very financially responsible investment by stakeholders. The KAFD also scored close in most categories but came out on top for building automation systems, demonstrating a strong position in operational management. Likewise, at the KAFD, the deliberate integration of technological solutions serves to better manage its resources and reduce operating costs; therefore, it is economically viable. However, the integration of renewable energy still has room for improvement in the relatively low score of the KAFD Metro Station. The adoption of renewable technology is crucial to achieving long-term sustainability goals. The results indicate that while both projects benefit from technological advances, KAPSARC’s approach is truly comprehensive in integrating energy efficiency with innovative technology while maximizing economic benefits.



	
Cultural integration is a strong feature of good urban architecture, and the review represents a diverse level of effectiveness within projects related to integrating Saudi culture. The development of the King Abdullah Petroleum Studies and Research Center has performed very well and recorded very impressive results in terms of integrating traditional Saudi architectural styles and motifs, demonstrating a thoughtful consideration of local values and aesthetics. This focus not only enhances the identity of the project, but also builds a sense of place. While the King Abdullah Petroleum Studies and Research Center, and particularly the King Abdullah Petroleum Studies and Research Center Metro Station, revealed very low scores in terms of cultural sensitivity and integration, the integration of local context into its designs, and the lack of attention to cultural integration in the King Abdullah Petroleum Studies and Research Center Metro Station, suggests greater enhancement of connections to community identity and practices as a potential channel towards enhancing social relevance and acceptance.



	
The analysis of urban connectivity highlights significant variation in how the King Abdullah Petroleum Studies and Research Center promotes mobility within the urban environment. The fact that the KFH scores highly on pedestrian-friendly infrastructure and public transport facilities, which are well connected to walkability and accessibility for its residents and visitors, should first be emphasized as an important point of convergence for strategic thinking on well-integrated transport and urban planning models. On the other hand, the KFH performed weaker in this direction, which seems to indicate a potential need to improve connectivity initiatives in its design. In addition, the KFH Metro Station demonstrated excellent practice in terms of community social connectivity. Future development should learn from the KFH in envisioning such integrated urban environments where community characteristics are alive and vibrant, and the resulting services will enhance the overall urban experience of Riyadh.







9. Conclusions


The results of the study found that there were four key criteria to evaluate sustainability in architectural projects in Riyadh, and, thus, reflect the importance of the interaction between environmental integrity, technological advancement, cultural integration, and urban connectivity that occurs in an urban development framework in achieving the objectives of Vision 2030. The highest weight was taken by the environmental criterion, at 53.99% of the overall assessment, which notifies the ever-increasing recognition of sustainability as a cornerstone in the process of urban development. It includes three sub-criteria, namely sustainable design, the urban heat island effect, and smart building technology. For all these, the KAPSARC achieved exemplary scores, especially in features related to LEED certification and the implementation of energy-efficient technologies, demonstrating a high commitment to reducing environmental impacts. The fact that the King Abdullah Financial District Metro Station received much lower ratings indicates a gap in the translation of stringent sustainability criteria, particularly in terms of the implementation of advanced technologies and cultural regulations that reflect the ongoing difficulties residents face in their use of modernity versus authenticity in architectural practices. On the other hand, the technological and economic criterion, which received a weighting of 24.36%, is reinforced by the need to collaborate with international companies to encourage innovation; it also indicates that there are contradictions between marketing the idea of collaboration with international expertise. The cultural criterion accounted for 18.48%, and while most of the architectural designs showed a reflection of local cultural heritage in their design, inconsistencies in projects’ attempts to fuse this with the structure’s architecture were noted in critical analyses in certain instances, such as at the KAFD Metro Station, for failing to be culturally sensitive. The urban connectivity criterion comprises only 3.17% of the weighting, showing that there is an urgent need to improve how projects are designed to be more conducive to community connectivity with efficient public transport systems that can facilitate movement by residents. The low score in this category reflects the disconnect in the way urban design principles, designed to facilitate access and inclusion, fail in practice. Collectively, these findings underscore the fact that while the ambitious projects studied in Riyadh clearly demonstrate a commitment to sustainability, they also reveal an urgent need to enhance urban connectivity and cultural relevance in architectural practices. This may point to a more balanced approach to creating a sustainable urban environment that truly serves the community and improves the quality of urban life. This means that, in the future, strategies for environmental performance will need to be formulated in a way that not only integrates technological innovation, but also the cultural and social fabric of the city itself, so that progress can keep pace with aspirations and a sense of belonging in a rapidly changing urban landscape. Overall, the proposed evaluation model was useful in testing projects by providing a blueprint that identifies various strengths and weaknesses. An in-depth evaluation of this kind will serve as useful guidance for architects in pursuing sustainability, technological integration, cultural significance, economic feasibility, and urban connectivity in future projects. Another key evaluation, which indicated a strong commitment to sustainable design, was given to the KAPSARC, with high scores, such as 95.54% for sustainable design and 94.25% for advanced material selection, while an impressive 89.97% energy efficiency was recorded for its HVAC systems. Meanwhile, the KAFD received a high score of 96.21% for building automation, and in terms of urban connectivity, it earned an impressive score of 90.85% for pedestrian-friendly infrastructure. Both projects, however, need to improve the shortfalls that were observed with respect to cultural integration, since the KAPSARC scored 89.01% in introducing local architectural styles and habits of renewable energy resources, whereas the King Abdullah Financial District Metro Station scored a very low percentage of 37.94%, related to the sensitivity that was considered related to a culture. This paper also extends the approaches to the assessment of architectural sustainability and, consequently, underscores the importance for consideration of those built environment aspects that are not measured. It thus advocates a design that is inclusive, balancing principles of sustainable engineering with cultural and social considerations in Riyadh’s urban landscape in order to further enrich the identity of its community.




10. Research Limitations


This research into developing an integrated analytical framework for the sustainability assessment of architectural projects in Riyadh is informative, yet simultaneously it has certain limitations, which provide an opportunity for the future improvement of the research. The focus is on a small group of expert respondents, bearing in mind that of the 17 contacted, 11 responded. Further expansion of the panel to include more significant and more varied groups might lead to even more complete and representative results. While the context-specific nature of the research, therefore, primarily reflects the unique dynamics in Riyadh, it is also a strong case study that might stir similar assessments for other urban settings, oriented toward their respective specific cultural and environmental challenges. It further underlines the subjective nature of expert evaluations, which might come with variegated perspectives that could enhance the dialogue on effective sustainability practices in any future assessment. In addition, by acknowledging that sustainability is a developing area, this places the present research as a well-timed contribution to be altered as the development of new technologies and practices emerges. The sources for data collection utilized, from site visits to project documentation and expert evaluation, offer a sound basis on which the surveyed projects can be clearly comprehended; however, future studies need to explore further other relevant factors. While the study in question focuses on quantitative assessments, such community qualitative inputs will add the depth of perspectives and experiences required. Overall, this then leaves room for further improvement and greater in-depth study in the vital field of sustainability assessment.
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Figure 1. Study method and procedures. 
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Figure 2. The core criteria and indicators sets after their integration and refinement. 
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Figure 3. Diagram displaying measurements and results of environmental standards and sub-criteria. 
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Figure 4. Diagram displaying measurements and results of the technological and economic criterion and sub-criteria. 
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Figure 5. Diagram displaying measurements and results of the cultural integration criterion and sub-criterion. 
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Figure 6. Diagram displaying measurements and results of the urban connectivity criterion and sub-criteria. 
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Figure 7. Diagram displaying the percentage of each of the four criteria in the total evaluation. 
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Figure 8. Aerial view of the King Abdullah Financial District in Riyadh, Saudi Arabia, showcasing the urban layout, and strategic significance, as captured by Google Maps. 
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Figure 9. The facade design is characterized by a blend of glass facades alongside the utilization of natural materials, like marble (authors: April 2023). 
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Figure 10. The KAFD mosque was a finalist in the religion section of the World Architecture Festival. The Middle East Architect also listed it as part of their top 10 contemporary mosques that challenge traditional Islamic architecture. Source: https://www.locationscout.net. 
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Figure 11. Aerial view of the KAFD Metro Station in Riyadh, Saudi Arabia, showcasing the architectural innovations, urban layout, and strategic significance, as captured by Google Maps. 
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Figure 12. One of the important aspects of globalization may be taking advantage of modern techniques and advanced technology in implementing forms in a manner consistent with the vision of the architect Khassi in projects that represent an important landmark in the city. Source: https://newtecnic.com/. 
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Figure 13. Aerial view of the KAPSARC in Riyadh, Saudi Arabia, showcasing architectural innovations, urban layout, and strategic significance, as captured by Google Maps. 
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Figure 14. The KAPSARC’s architectural design demonstrates a considered approach to environmental response, aligning with sun and wind patterns to optimize natural light, ventilation, and cooling. By adapting to the environmental conditions of the Riyadh Plateau, the KAPSARC reduces energy consumption and promotes a sustainable built environment. Source: KAPSARC—tensile fabric building skin. 
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Figure 15. Diagram showing the results of Sub-criterion 1.1—Sustainable Design (assessment includes criteria, such as LEED certification, use of advanced technologies, and design features aimed at reducing environmental impact). 






Figure 15. Diagram showing the results of Sub-criterion 1.1—Sustainable Design (assessment includes criteria, such as LEED certification, use of advanced technologies, and design features aimed at reducing environmental impact).



[image: Sustainability 16 10185 g015]







[image: Sustainability 16 10185 g016] 





Figure 16. Results of Sub-criterion 2.1—Smart Building Technology (includes assessment of advanced building technologies implemented to enhance energy efficiency, occupant comfort, and operational performance). 
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Figure 17. Results of Sub-criterion 3.1—Smart Building Technology (includes assessment of advanced building technologies implemented to enhance energy efficiency, occupant comfort, and operational performance). 
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Figure 18. Results of Sub-criterion 1.2—International Expertise (impact of collaborating with global architecture firms on design innovation, technological advancements, and the integration of diverse perspectives into project development). 
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Figure 19. Results for Sub-criterion 2.2—Role as Economic Hub (project contributes to economic integration by attracting international businesses, fostering cross-border investments, and enhancing local role as a global economic hub). 
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Figure 20. Diagram of results for Sub-criterion 1.3—Cultural Integration (assessment considers the incorporation of Saudi cultural elements and architectural heritage into design concepts). 
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Figure 21. Diagram of the results for Sub-criterion 2.3—Community Engagement (provision of spaces for community activities, cultural exchanges, and social cohesion within the architecture). 
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Figure 22. Results for Sub-Criterion 1.4: analysis examines how each project promotes urban connectivity through pedestrian-friendly infrastructure, public transportation facilities, and interconnected public spaces. 
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Table 1. Overview of sustainability indicators for architecture and building practices.
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	Indicator
	What It Measures
	Certification/Global Entity
	Number of Indicators





	Energy efficiency
	Amount of energy consumed per square foot
	Energy Star, International Energy Agency (IEA)
	Varies by building type and rating



	Greenhouse gas emissions
	Total carbon emissions produced by the building
	Global Carbon Project, World Resources Institute (WRI)
	Varies; can use specific carbon calculators



	Water use and conservation
	Total water consumption and efficiency of water use
	Alliance for Water Stewardship (AWS), Global Water Partnership
	Varies; often project-specific



	Indoor air quality (IAQ)
	Levels of indoor air pollutants, like VOCs and CO2
	WELL Building Standard, International WELL Building Institute
	12 features under the WELL standard



	Sustainable materials
	Use of recycled, renewable, or sustainably sourced materials
	LEED (Leadership in Energy and Environmental Design), Cradle to Cradle Certified
	14 credits in LEED



	Waste management and diversion
	Percentage of construction and demolition waste diverted from landfills
	Zero Waste International Alliance (ZWIA), LEED
	2 credits in LEED



	Biodiversity impact
	Impact of building on local flora and fauna
	Biodiversity in Good Company, IUCN (International Union for Conservation of Nature)
	Varies; often project-specific



	Renewable energy use
	Percentage of energy derived from renewable sources
	RE100, Global Renewable Energy Council
	Commitment to 100% renewable electricity by participants; no fixed number of indicators



	Site sustainability
	Impact of development on surrounding ecosystems
	LEED, BREEAM (Building Research Establishment Environmental Assessment Method), LEED-ND, BREEAM Communities
	10 credits in LEED for site selection



	Thermal comfort
	Indoor temperature ranges and occupant comfort levels
	ASHRAE Standards, WELL Building Standard
	ASHRAE has multiple standards; WELL has specific features



	Building lifecycle Assessment
	Environmental impact across the building’s entire lifecycle
	ISO 14040/14044 (Life Cycle Assessment Standards) [47,56]
	No fixed number; project-specific



	LEED certification
	Overall sustainability performance of the building
	U.S. Green Building Council (USGBC)
	63 credits in LEED v4



	Natural lighting
	Amount and quality of natural light in the building
	LEED, WELL Building Standard
	2 credits in LEED for Daylight



	Acoustic performance
	Sound insulation and overall acoustic comfort
	ISO 16283 (Acoustics in Buildings), LEED [57]
	2 credits in LEED for acoustic performance



	Living building challenge (LBC)
	Certification for buildings that are self-sufficient and sustainable
	International Living Future Institute (ILFI)
	20 performance standards in the LBC



	CASBEE for cities (CASBEE-City)
	Comprehensive assessment of urban sustainability
	CASBEE (Construction and Sustainability for Environmentally Efficient Buildings)
	Varies; typically has multiple criteria



	BREEAM for communities
	Sustainable planning and development for communities
	BREEAM
	Varies; sets out key objectives and criteria



	(DGNB-NS)
	Evaluation of new urban districts for sustainability
	Deutsche Gesellschaft für Nachhaltiges Bauen (DGNB)
	Varies; typically includes several assessment criteria



	Assessment Standard of Green Eco-district (ASGE)
	Framework for evaluating eco-districts
	Various local authorities and organizations
	Varies; specific to local implementations



	Social equity in housing
	Accessibility and affordability of housing options
	UN-Habitat
	Varies; often project-specific



	Community engagement
	Involvement of residents in development decisions
	Community development organizations (no specific global entity)
	No fixed number; project-specific



	Health and safety standards
	Compliance with health and safety regulations
	OSHA (Occupational Safety and Health Administration), ISO 45001
	No fixed number; compliance with specific regulations



	Economic impact
	Impact of the building on local economies and job creation
	Global Reporting Initiative (GRI), UN Sustainable Development Goals (SDGs)
	Varies; project-specific



	Job creation
	Number of jobs created through construction and operation
	International Labour Organization (ILO)
	No fixed number; project-specific



	Community culture preservation
	Maintenance and promotion of local cultural practices
	Local community organizations (no specific global entity)
	No fixed number; project-specific



	Access to cultural amenities
	Availability of arts, entertainment, and recreational facilities
	Local government agencies (no specific global entity)
	No fixed number; project-specific



	Civic participation
	Level of public participation in governance
	International Institute for Democracy and Electoral Assistance (IDEA)
	No fixed number; project-specific










 





Table 2. Main criteria (assessing the environmental criterion).
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	Indicators
	Sub-criterion 1.1—Sustainable Design (assessment includes criteria, such as LEED certification, use of advanced technologies, and design features aimed at reducing environmental impact). Total score 23.62 of 100.
	Total Average %
	Code



	1.1.1
	Assessment includes criteria, such as LEED certification, use of advanced technologies, and design features aimed at reducing environmental impact.
	4.71%
	E1.1.1/4.71



	1.1.2
	Evaluation of compliance with LEED (Leadership in Energy and Environmental Design) certification standards.
	4.91%
	E1.1.2/4.91



	1.1.3
	Assessment of the integration and effectiveness of advanced technologies in building systems.
	4.91%
	E1.1.3/4.91



	1.1.4
	Review of design features aimed at reducing energy consumption and environmental impact.
	5.09%
	E1.1.4/5.09



	1.1.5
	Analysis of materials selection based on sustainability criteria and lifecycle assessment.
	4.00%
	E1.1.5/4.0



	Indicators
	Sub-criterion 2.1—Urban Heat Island Effect (evaluation considers strategies to mitigate heat island effects through architectural design). Total score 15.64 of 100.
	Total Average %
	Code



	2.1.1
	Implementation of cool roofs and pavements to reduce surface temperatures.
	3.45%
	E2.1.1/3.45



	2.1.2
	Integration of shade structures and vegetation to minimize solar heat gain.
	3.09%
	E2.1.2/3.09



	2.1.3
	Design of urban layouts to maximize natural ventilation and airflow.
	3.27%
	E2.1.3/3.27



	2.1.4
	Selection of heat-resistant materials and finishes to reduce heat absorption.
	3.00%
	E2.1.4/3.0



	2.1.5
	Use of water features and thermal mass to enhance cooling effects in the environment.
	2.82%
	E2.1.5/2.82



	Indicators
	Sub-criterion 3.1—Smart Building Technology (includes assessment of advanced building technologies implemented to enhance energy efficiency, occupant comfort, and operational performance). Total 14.73 of 100.
	Total Average %
	Code



	3.1.1
	Evaluation of energy-efficient HVAC systems and their impact on overall energy consumption.
	3.09%
	E1.11/4.71



	3.1.2
	Assessment of smart building technologies for optimizing energy use and enhancing operational efficiency.
	3.36%
	E3.12/3.36



	3.1.3
	Review of advanced lighting systems designed to reduce energy consumption while improving occupant comfort.
	2.82%
	E3.13/2.82



	3.1.4
	Analysis of building automation systems (BAS) and their effectiveness in managing and monitoring building operations.
	2.64%
	E3.4/2.64



	3.1.5
	Examination of renewable energy integration (e.g., solar panels, wind turbines) and its contribution to energy efficiency and sustainability goals.
	2.82%
	E3.5/2.82










 





Table 3. Technological and economic criterion.
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	Indicators
	Sub-criterion 1.2—International Expertise (impact of collaborating with global architecture firms on design innovation, technological advancements, and the integration of diverse perspectives into project development). Total 12.54 of 100.
	Total Average %
	Code



	1.2.1
	Assessment of design innovation fostered through collaboration, including the introduction of new architectural concepts, materials, or construction techniques.
	4.27%
	T1.2.1/4.07



	1.2.2
	Evaluation of technological advancements integrated into projects through collaborative efforts, such as the adoption of advanced building systems, sustainable technologies, or digital design tools.
	4.09%
	T1.2./4.09



	1.2.3
	Analysis of how collaboration with global firms enhances project development by integrating diverse cultural, environmental, and technical perspectives, contributing to holistic and innovative design solutions.
	4.18%
	T2.3/4.18



	Indicators
	Sub-criterion 2.2—Role as Economic Hub (project contributes to economic integration by attracting international businesses, fostering cross-border investments, and enhancing the city’s local role as a global economic hub). Total 11.82 of 100.
	Total Average %
	Code



	2.2.1
	Assessment of the project’s ability to attract international businesses and multinational corporations to establish operations or headquarters in Riyadh.
	4.09%
	T2.2.1/4.09



	2.2.2
	Assessment of the project’s ability to attract international businesses and multinational corporations to establish operations or headquarters in Riyadh.
	4.18%
	T2.2.2/4.18



	2.2.3
	Analysis of the project’s impact on enhancing Riyadh’s reputation and role as a global economic hub by promoting international trade, commerce, and investment opportunities in the region.
	3.55%
	T2.2.3/3.55










 





Table 4. Cultural criterion.






Table 4. Cultural criterion.





	Indicators
	Sub-criterion 1.3—Cultural Integration (assessment considers the incorporation of Saudi cultural elements and architectural heritage into design concepts). Total 10.64 of 100.
	Total Average %
	Code



	1.3.1
	Does the project integrate traditional Saudi architectural styles, motifs, or materials into its design?
	3.91%
	C1.3.1/3.91



	1.3.2
	Encompassing the project’s sensitivity to local cultural values, customs, and aesthetic preferences.
	3.64%
	C1.3.2/3.64



	1.3.3
	Examining how the incorporation of Saudi cultural elements enhances the project’s identity, authenticity, and sense of place within its local context.
	2.91%
	C1.3.3/2.91



	Indicators
	Sub-criterion 2.3—Community Engagement (provision of spaces for community activities, cultural exchanges, and social cohesion within the architecture). Total 7.84 of 100.
	Total Average %
	Code



	2.3.1
	Evaluation considers how the architectural designs provide spaces that facilitate community activities, fostering cultural exchanges and social cohesion.
	4.64%
	C2.3.1/4.64



	2.3.2
	Assessment examines the effectiveness of these spaces in promoting interaction, inclusivity, and community engagement within the built environment.
	4.00%
	C2.3.2/4.00










 





Table 5. Urban connectivity.
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	Indicators
	Sub-criterion 1.4: Analysis examines how each project promotes urban connectivity through pedestrian-friendly infrastructure, public transportation facilities, and interconnected public spaces.
	Total Average %
	Code



	1.4.1
	Analysis examines how the project integrates pedestrian-friendly infrastructure to enhance walkability and accessibility within the urban environment.
	1.71%
	U1.4.1/1.71



	1.4.2
	Assessment considers the effectiveness of public transportation facilities and interconnected public spaces in facilitating convenient and seamless movement for residents and visitors alike.
	1.46%
	U1.4.2/1.46










 





Table 6. Results of the analysis of the first criterion (evaluation of the environmental criterion).
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Main Criterion (The Environmental Criterion)




	
Indicators

	
Sub-Criterion 1.1—Sustainable design (assessment includes criteria, such as LEED certification, use of advanced technologies, and design features aimed at reducing environmental impact).

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage KAFD %

	
Achievement Percentage KAFD MS %




	
1.1.1

	
Assessment includes criteria, such as LEED certification, use of advanced technologies, and design features aimed at reducing environmental impact.

	
E1.1.1/4.71

	
4.5

	
3.9

	
3.23




	
1.1.2

	
Evaluation of compliance with LEED (Leadership in Energy and Environmental Design) certification standards.

	
E1.1.2/4.91

	
4.07

	
3.98

	
4.01




	
1.1.3

	
Assessment of the integration and effectiveness of advanced technologies in building systems.

	
E1.1.3/4.91

	
3.9

	
4.56

	
3.98




	
1.1.4

	
Review of design features aimed at reducing energy consumption and environmental impact.

	
E1.1.4/5.09

	
4.2

	
4.01

	
3.02




	
1.1.5

	
Analysis of materials selection based on sustainability criteria and lifecycle assessment.

	
E1.1.5/4.0

	
3.77

	
3.12

	
2




	

	
Total score 23.62 of 100

	

	
20.44

	
19.57

	
16.24




	
Main Criterion (Environmental)




	
Indicators

	
Sub-criterion 2.1—Urban heat island effect (evaluation considers strategies to mitigate heat island effects through architectural design).

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage KAFD %

	
Achievement Percentage KAFD MS %




	
2.1.1

	
Implementation of cool roofs and pavements to reduce surface temperatures.

	
E2.1.1/3.45

	
3.07

	
2.5

	
0.00




	
2.1.2

	
Integration of shade structures and vegetation to minimize solar heat gain.

	
E2.1.2/3.09

	
2.72

	
2.14

	
0.00




	
2.1.3

	
Design of urban layouts to maximize natural ventilation and airflow.

	
E2.1.3/ 3.27

	
2.67

	
2.3

	
0.00




	
2.1.4

	
Selection of heat-resistant materials and finishes to reduce heat absorption.

	
E2.1.4/3.0

	
2.54

	
2.47

	
2.48




	
2.1.5

	
Use of water features and thermal mass to enhance cooling effects in the environment.

	
E2.1.5 2.82

	
2.69

	
2.14

	
2.80




	

	
Total score 15.64

	

	
13.69

	
11.55

	
5.28




	
Main Criterion (Environmental Assessment)




	
Indicators

	
Sub-Criterion 3.1—smart building technology (includes assessment of advanced building technologies implemented to enhance energy efficiency, occupant comfort, and operational performance).

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage KAFD %

	
Achievement Percentage KAFD MS %




	
3.1.1

	
Evaluation of energy-efficient HVAC systems and their impact on overall energy consumption.

	
E1.11/4.71

	
2.78

	
2.67

	
2.19




	
3.1.2

	
Assessment of smart building technologies for optimizing energy use and enhancing operational efficiency.

	
E3.12/3.36

	
2.85

	
2.85

	
2.16




	
3.1.3

	
Review of advanced lighting systems designed to reduce energy consumption while improving occupant comfort.

	
E3.13/2.82

	
2.45

	
2.56

	
1.98




	
3.1.4

	
Analysis of building automation systems (BAS) and their effectiveness in managing and monitoring building operations.

	
E3.4/2.64

	
2.21

	
2.54

	
2.32




	
3.1.5

	
Examination of renewable energy integration (e.g., solar panels, wind turbines) and its contribution to energy efficiency and sustainability goals.

	
E3.5/2.82

	
1.85

	
1.85

	
1.07




	

	
Total 14.73 of 100

	

	
12.14

	
12.47

	
9.72











 





Table 7. Results of the analysis of the second criterion (the technological and economic criterion).






Table 7. Results of the analysis of the second criterion (the technological and economic criterion).





	
Assessment of Technological and Economic Criterion






	
Indicators

	
Sub-Criterion 1.2—International expertise (impact of collaborating with global architecture firms on design innovation, technological advancements, and the integration of diverse perspectives into project development).

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage KAFD %

	
Achievement Percentage KAFD MS %




	
1.2.1

	
Assessment of design innovation fostered through collaboration, including the introduction of new architectural concepts, materials, or construction techniques.

	
T1.2.1/4.07

	
4.02

	
4.01

	
3.78




	
1.2.2

	
Evaluation of technological advancements integrated into projects through collaborative efforts, such as the adoption of advanced building systems, sustainable technologies, or digital design tools.

	
T1.2./4.09

	
3.67

	
3.87

	
3.70




	
1.2.3

	
Analysis of how collaboration with global firms enhances project development by integrating diverse cultural, environmental, and technical perspectives, contributing to holistic and innovative design solutions.

	
T2.3/4.18

	
4.03

	
3.5

	
3.06




	

	
Total 12.54 of 100

	

	
11.72

	
11.38

	
10.54




	
Indicators

	
Sub-Criterion 2.2—Role as economic hub (project contributes to economic integration by attracting international businesses, fostering cross-border investments, and enhancing the city’s local role as a global economic hub).

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage KAFD %

	
Achievement Percentage KAFD MS %




	
2.2.1

	
Assessment of the project’s ability to attract international businesses and multinational corporations to establish operations or headquarters in Riyadh.

	
T2.2.1/4.09

	
3.65

	
3.63

	
2.07




	
2.2.2

	
Assessment of the project’s ability to attract international businesses and multinational corporations to establish operations or headquarters in Riyadh.

	
T2.2.2/4.18

	
3.13

	
3.67

	
3.09




	
2.2.3

	
Analysis of the project’s impact on enhancing Riyadh’s reputation and role as a global economic hub by promoting international trade, commerce, and investment opportunities in the region.

	
T2.2.3/3.55

	
3.07

	
3.08

	
3.08




	

	
Total 11.82 of 100

	

	
9.85

	
10.38

	
8.24











 





Table 8. Results of the analysis of the third criterion (cultural criterion).
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Cultural Criterion






	
Indicators

	
Sub-Criterion 1.3—Cultural integration (assessment considers the incorporation of saudi cultural elements and architectural heritage into design concepts).

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage

KAFD %

	
Achievement Percentage

KAFD MS %




	
1.3.1

	
Does the project integrate traditional Saudi architectural styles, motifs, or materials into its design?

	
C1.3.1/3.91

	
3.45

	
3

	
1.09




	
1.3.2

	
Encompassing the project’s sensitivity to local cultural values, customs, and aesthetic preferences.

	
C1.3.2/3.64

	
3.07

	
3.13

	
1.01




	
1.3.3

	
Examining how the incorporation of Saudi cultural elements enhances the project’s identity, authenticity, and sense of place within its local context

	
C1.3.3/2.91

	
2.79

	
2.09

	
1.06




	

	
Total 10.64 of 100

	

	
9.31

	
8.22

	
3.16




	
Indicators

	
Sub-Criterion 2.3—Community engagement (provision of spaces for community activities, cultural exchanges, and social cohesion within the architecture).

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage

KAFD %

	
Achievement Percentage

KAFD MS %




	
2.3.1

	
Evaluation considers how the architectural designs provide spaces that facilitate community activities, fostering cultural exchanges and social cohesion.

	
C2.3.1/4.64

	
3.45

	
3

	
1.09




	
2.3.2

	
Assessment examines the effectiveness of these spaces in promoting interaction, inclusivity, and community engagement within the built environment.

	
C2.3.2/4.00

	
3.07

	
3.13

	
1.01




	

	
Total 7.84 of 100

	

	
9.31

	
8.22

	
3.16











 





Table 9. Results of the analysis of the fourth criterion (Urban connectivity criterion).
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Urban Connectivity






	
Indicators

	
Sub-Criterion 1.4—Analysis examines how each project promotes urban connectivity through pedestrian-friendly infrastructure, public transportation facilities, and interconnected public spaces.

	
Code

	
Achievement Percentage KAPSARC’s

	
Achievement Percentage

KAFD %

	
Achievement Percentage

KAFD MS %




	
1.4.1

	
Analysis examines how the project integrates pedestrian-friendly infrastructure to enhance walkability and accessibility within the urban environment.

	
U1.4.1/1.71

	
1.12

	
1.54

	
1.43




	
1.4.2

	
Assessment considers the effectiveness of public transportation facilities and interconnected public spaces in facilitating convenient and seamless movement for residents and visitors alike.

	
U1.4.2/1.46

	
1.17

	
1.34

	
1.30




	

	
Total 3.17 of 100

	
3.17

	
2.29

	
2.88

	
2.73
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