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Introduction: As the world is engulfed with the growing impacts of climate change, the integration of climate adaptation measures into building performance requirements is essential. In the era of the fourth industrial revolution, smart buildings are expected to be the next frontier in the realm of building rating systems after sustainability-based one. Smart buildings can play a pivotal role in addressing the evolving challenges of changing climate due to their temporal and spatial cross-scale nature.Methods: This study assesses the integration of climate hazard adaptation options within four prominent smart building rating systems (SBRS). Using a sectoral analysis approach and a 4-point Likert scale, we systematically evaluate the extent to which these rating systems incorporate climate adaptation measures directly or indirectly across multiple building sectors. We identify strengths and weaknesses in each system’s approach, highlighting areas where adaptation options are more profoundly addressed and sectors that require further attention.Results: The evaluation results reveal variations in the comprehensiveness of climate adaptation integration among the smart building rating systems. The SRBS show a high level of integration of climate adaptation measures in the urban sectors intrinsically tied to the smart building paradigm, such as communication sector, and the human wellbeing and organization sector. Nevertheless, the study also revealed that SBRS almost universally fall short in covering other vital domains such as building envelope and structure, water and sanitation, and blue and green infrastructure.Discussions: Complementing the SBRS with sustainability rating systems (GBRS) can effectively address the limitations in climate adaptation integration within SBRS. Moreover, the inherent interconnectedness of smart buildings with their surrounding infrastructure and the broader urban environment underscores the importance of the cross-scale consideration in the building rating domain in general and in climate related topics in particular, this interconnectedness also highlights a smart building’s reliance on its surrounding context for optimal functionality and the interdependency between the building and urban scale.Keywords: smart building, climate resilience, climate adaptation, sustainability, building rating systems
1 INTRODUCTION
Human induced climate change is a global concern for the past 50 years. The scientific community has voiced the importance of collective action to fend off this threat (Leggett, 2020). Today, it seems that the climate change is an unavoidable challenge and a certain reality (Portner et al., 2022; UNEP, 2022). This is reflected in the latest report of the Intergovernmental Panel on Climate Change (IPCC) that concluded that the mean global temperature is likely to increase beyond the 1.5 C mark by 2040 even if all the promised GHG reductions of the 2015 Paris agreement are meet by 2030 (Legg, 2021). As a consequence, this alarming fact led the United Nations experts to rank climate change as the greatest existential threat to humanity (Christel, 2022).
One of the reasons for this grim prediction is related to the fact that over 60% of cities are already at risk to one or more natural disasters, and the number is constantly growing (Gu, 2019). This is particularly significant given the shift of human habitation from rural to urban areas over the last century (United Nations, Department of Economic and Social Affairs, Population Division, 2019). As a result, human settlements, urban environments, and cities are at the heart of this threat (Legg, 2021). Indeed, the built environment and cities occupy a unique position in climate challenge, being both a major contributor to the causes of climate change (Grubler and Fisk, 2012; Seto et al., 2014) and uniquely vulnerable to its impacts. Hence, the urban environment is placed at the forefront of the world’s efforts to combat and adapt to the looming changes in the Earth’s climate (Oroschakoff, 2019).
Local climate has historically been, and will continue to be, a central driving force in shaping the built environment. It significantly influences the design of our buildings and cities, and largely dictates their performance requirements. The building performance requirements and rating systems have evolved over thousands of years in response to technological, social, economic, and environmental factors into six distinct generations, starting from the historical generations such as 0.0 shelter,1.0 Safe and 2.0 Sanitary into the contemporary generations that appeared post-1970s −3.0 energy-efficient, 4.0 sustainable and 5.0 smart - each of which developed its unique path in handling and adapting to surrounding climate and requirements posed by different actors (Khoja and Danylenko, 2020).
Currently, the global building sector in general, and European one in particular, is in the midst of a complex transition from energy efficient and sustainable (3.0 and 4.0 generations) towards a sustainable and smart (4.0 and 5.0 generation) performance requirements. This transition is driven by a combination of various policies, regional and national energy and environmental goals, financial constraints, societal shifts, and technological changes. Moreover, the advancements of the 4.0 revolution, and fallout of the COVID-19 pandemic are shifting the building user expectations towards a more empathic and interactive buildings and put forward the immense potential of utilizing big data to enhance building performance as means to combat climate change (Khoja and Danylenko, 2020; Pishdad-Bozorgi and Zeng, 2022).
This transition towards sustainable and smart building stock is also observed at the EU policy level. The newly adopted amendments to Energy Performance of Buildings Directive (EPBD) in 2023 (EC, 2021; EP, 2023) and the EU taxonomy of 2020 (EU, 2020) are leading this transition. Beside that the existence of over 600 green building rating systems (GBRS) in the EU real estate market (Ebert et al., 2010) and the introduction of an EU-level rating system to standardize the EU GBRS (Sánchez Cordero et al., 2019) indicate that both the EU construction market and its policies are laying the groundwork for making sustainable fourth generation buildings a standard norm. At the other end, the recast of EPBD defines its objective §3 as to aid the EU transition towards smart cities. Therefore, it is noticed that since the EPBD recast of 2018, the EPBD acknowledges in many of its amendment articles the crucial role of “smart “technologies to support and complement the EU 2030 and 2050 objectives. The transition towards a “smart” built environment is even more evident in EPBD of 2023, as it expands requirements for buildings to include smart meters, smart girds, smart charging, automation and explicitly mentions ‘the Commission’s Smart Finance for Smart Buildings’ (§47) (EP, 2023). Moreover, it calls for the use of an EU-wide rating scheme - “smart readiness indicator” - which shall foster the transition to smarter buildings and “raise awareness amongst building owners and occupants of the value behind building automation” (EC, 2021).
While there is a growing recognition of the role of smart buildings in enhancing building resilience and the dual relationship between mitigation and adaptation offered by smart buildings, several critical aspects remain unclear. Notably, the specific building sectors (such as energy, water, envelope, etc.) that experience the most significant enhancement in adaptation through the integration of smart building performance requirements are not fully understood to date. Likewise, there is a lack of clear mapping regarding the types of climatic hazards (floods, storms, heatwaves, droughts, etc.) to which a smart-rated building might be better prepared to respond or accommodate.
Considering the significant political and market-driven shift towards integrating smart building features into the existing infrastructure, and building upon the research findings of Bai et al. (2020) and Felicioni et al. (2023) and the above marioneted researched gap in understanding the role of smart building rating systems in improving the building climate resilience. This understanding is needed to ensure that the next-generation of building performance requirements are not only environmentally friendly but also enhance resilience against climate-related challenges.
Therefore, this paper is investigating following research question: To what extent do smart building rating systems incorporate (directly or indirectly) measures that address and facilitate the adaptation of buildings to the emerging risks of climate change?
To answer this research question, this paper represents a descriptive based analysis aided by a numerical evaluation that assess the degree of integration of climate change adaptation options within four smart building rating systems (SBRS): the Smart Readiness Indicator (SRI), SmartScore, WiredScore, and the Ready2Services (R2S) label.
The indicators for each of the previously mentioned Smart Building Rating Systems (SBRS are organized based on the urban building sector (energy systems, water and wastewater systems, communication systems, etc.) and the climate hazards (heatwave, flood, hail, etc.) they address. The integration level of climate adaptation measures is evaluated for each sector-hazard combination using a simple 4-point Likert scale. This scale ranges from zero (0), indicating poor integration, to three (3), which signifies advanced integration of climate adaptation requirements in the system for a specific sector and hazard. A more detailed explanation of the assessment methodology is provided in Section 2.2.
1.1 An overview of the investigated smart building rating system
The Smart Readiness Indicator (SRI) was first introduced in the 2018 revision EPBD 2018/844/EU to complement energy efficiency certification as a voluntary undefined EU scheme for rating the smart readiness of buildings. According to the EU Final report on the technical support to the development of a SRI, this option serves to ‘assess the technological readiness of buildings to interact with their occupants, to interact with connected energy grids and to operate more efficiently for buildings’ (EC, 2020; EC et al., 2020). The SRI is currently in its final phases of active testing and is expected to become a part of the new amendment of the EPBD. As of 2022 the SRI is being tested by the 6 member states (EC, 2022). Using the SRI rating, a building’s ability to exploit temporal and spatial cross-scaling synergies is assessed across nine technical domains and seven impact criteria. These domains encompass heating, domestic hot water (DHW), cooling, ventilation, lighting, dynamic building envelope, electricity, electric vehicle charging, and maintenance and control. Each domain in the SRI system is evaluated for its impact on energy efficiency, maintenance, comfort, convenience, health and wellbeing, information to occupants, and energy flexibility. The resulting assessment and score gained in each domain are then aggregated and presented as a weighted SRI score. This score reflects the building’s smart readiness compared to the maximum achievable smart readiness (EC et al., 2020).
The SmartScore rating system, introduced in 2013 by the New York-based company WiredScore, serves as an assessment tool for evaluating buildings based on the integration of smart systems that aim to enhance user experience, reduce costs, and promote sustainability. The current version, V2.1, is specifically designed to assess the “smartness” of office buildings. It evaluates the “smartness” through three main categories:
• User Functionality (UF): This category includes six subcategories and 33 indicators that assess how smart systems improve the building’s functionality for occupants.
• Technical Foundation (TF): TF consists of 22 indicators spread across six subcategories, evaluating the foundational technical elements that support smart systems.
• Innovation (IN): IN assesses the level of innovation in the building’s smart solutions.1
WiredScore defines itself as a digital connectivity certification system that rates the digital and the physical elements of the building to ensure that it is future-proof (Reeves et al., 2022). WiredScore offers a range of rating systems that can be used to assess new development of office buildings as well as existing ones. For the sake of consistency, only the WiredScore criteria for newly developed building is going to be examined in this paper. The WiredScore is composed of 7 domains hosting a total of 27 indicators, that are divided as follows: mobile and wireless connectivity with 6 indicators, building infrastructure-point of entry containing 3 indicators, building infrastructure—telecommunication room with 6 indicators, Building infrastructure-risers covered by 7 indicators, electrical resiliency represented with 2 indicators, access readiness assessed via 2 indicators and lastly digital connectivity innovation with 1 indicator2.
Lastly, the Ready2Services (R2S) label developed by Certivéa and the Smart Buildings Alliance (SBA) with 35 certified buildings is claimed to be the most widely used smart building rating system in Europe3. The R2S label is close in its objective to the WiredScore system. The R2S label focuses on the readiness of a building to accommodate a multitude of digital services, to make it adaptive, pleasant to live in and able to interact with its environment. The R2S label presents itself as preparing the building to complement a greater smart city or smart district development.
The comparison of the four SBRS presented in Table 1, provides insights about the focus area and evaluation topics of each system.
TABLE 1 | Comparison of the four Smart Building Rating Systems
[image: Table 1]SBRS rating systems, much like Green Building Rating Systems (GRBS), were not initially designed with climate adaptation in mind. However, as both topics are inherently interlinked, this study aim to extend beyond aiding the understanding about the current state of climate adaptation in SBRS by identifying within each SBRS the urban sectors (such as energy, communication, and water) and climatic hazards where adaptation consideration are either well-integrated or in need of further development.
In this paper the extent to which each of the four investigated SBRS incorporate climate adaptation measures directly or indirectly across multiple urban sectors and climate hazards is assessed using a simple 4-point Likert scale. The 4-point scale ranges from zero (0) denoting a poor integration to three (3) points signifying advanced integration of climate adaptation requirement in the analyzed system for a certain sector and climate hazard. A more detailed explanation about the assessment methodology is provided further in Section 2.2.
By mapping the landscape of climate adaptation integration within smart building ratings, this research contributes to the ongoing discourse on climate-responsive building design and serves as a foundation for future advancements in sustainable and resilient construction practices.
2 BACKGROUND AND METHODOLOGY
2.1 From shelters to smart buildings: Evolution of performance requirements and rating systems
The buildings performance requirements are put forward by multiple actors, staring from users (owners, occupants and public), economic actors and market participants (contractors, insurance companies, investors etc.) as well as the regulator (government, authorities, regulatory frameworks). Regulators in a growing number of countries are integrating performance-based regulations in their building codes (Lützkendorf et al., 2005). Throughout history the regulator bodies of cities drafted written rules or agreed on social norms that address the organization and functionality of the buildings in the city. The formalization process of the performance requirements has evolved over time into an adaptive process that integrates several cross-cutting topics from safety and security to sanitary, comfort, sustainability. Figure 1 illustrates the evolution of building performance requirements from historical to current generations. It is to be noted that this evolution has resulted in the formulation of six distinct generations of building performance requirements, with each subsequent generation advancing upon the foundation established by its predecessor in an additive and hierarchical manner (Khoja and Danylenko, 2020). These generations of performance requirements can be generally divided into two main groups: historical and current. The historical group encompasses the generations of building performance requirements that prevailed until about 1970 A.D.
[image: Figure 1]FIGURE 1 | The evolution of buildings. Adapted from (Khoja and Danylenko, 2020).
This journey begins with the 0.0 generation known as ‘shelter,’ where the primary design performance criterion was the provision of a shelter in its broader sense. As cities were established and written laws introduced, the 1.0 generation ‘safe’ emerged, expanding the original shelter functions by incorporating design requirements that addressed structural integrity and, subsequently, fire safety in buildings.
With the onset of the industrial revolution and increasing recognition within medical spheres regarding the impact of sanitary and ventilation systems on occupant health, a new era emerged. Sanitary requirements began to emerge in conjunction with the introduction of formal building codes, giving rise to the 2.0 generation of building requirements - a “sanitary building”. The energy crises of 1970s led to the inclusion of formal energy requirement supplemented with rating systems, consequently resulting into the creation of the 3.0 energy-efficient generation.
By the 1990s with the introduction of BREEAM system in the United Kingdom and the global recognition of urgent need for a sustainable development path, the 4.0 generation (sustainable) was born. Today it can be safe to say that sustainability budling requirements are becoming the new mainstream building generation in the EU with over 600 GRBS in the marketplace (Ebert et al., 2010), integration of the sustainability certification requirements in many national building codes (Khoja et al., 2021) and their partial integration in the EU EPBD of 2018 and 2023.
The 4.0 industrial revolution combined with the experience gained from the COVID –19 pandemic accelerated the formal establishment of the 5.0 generation of buildings—a “smart” building as illustrated in Figure 1.
A deeper dive into this 5.0 generation of buildings reveals that modern smart buildings trace their origins to the intelligent buildings of the 1980s (Buckman et al., 2014). While the intelligent buildings of the 1980s were generally reactive in nature, the new smart buildings are proactive. They harness extensive internal and external data collected through sensors and internet connectivity to anticipate and prepare for events in the immediate or foreseeable future (Buckman et al., 2014). At the same time, a building intelligence should not be confused merely with a building automation as the “smart” buildings offer much wider benefits besides safety, time and cost saving, expanding to health and inhabitants comfort (Batov, 2015). Moreover, smart buildings are capable of leveraging temporal and spatial scales that extends well beyond their physical boundaries to optimize the performance of both individual and surrounding buildings (Khoja, 2022). With the implementation of automation technologies and utilization of Information and Communication Technologies (ICT), it becomes feasible to harness the advantages of automated decision-making almost instantly, which can improve buildings’ sustainability performance. The continuous influx of data from smart-enabled active building systems, such as lighting, heating, ventilation, and cooling (HVAC), as well as renewable energy systems, enables real-time adjustments to the performance parameters of each system. Smart buildings have been proven to be an economically viable climate mitigation option due to their ability to take advantage of temporal and spatial scales that extend far beyond the building user and the building physical boundary (Janhunen et al., 2020; Khoja, 2022). However, it is important to note that bypassing the integration of passive and holistic sustainability elements—essentially leaping from the third generation focus on energy efficiency directly to fifth generation smart building—can paradoxically lead to poorer energy and economic outcomes. This is due to the high energy demands of smart building sensors and their potential for malfunction (Amin et al., 2017). Therefore, the appropriateness of labeling such buildings as “smart” is questionable when they overlook holistic sustainable design principles. Smart buildings, as we understand them, should build upon the principles of sustainability, and improve the overall building performance and user satisfaction. The benefits of such approach are confirmed in the study of Pannier et al. (2022) which showed that the inclusion of both passive and active elements can achieve a superior energy saving over the full life cycle of the building than just by including the passive elements alone. This can be explained by the building’s ability to integrate various temporal scales, adjusting its performance accordingly as illustrated in Figure 2.
[image: Figure 2]FIGURE 2 | Crossing scales of sustainable and smart buildings.
The studies mentioned above primarily address the contributions of smart buildings to general climate mitigation efforts. However, when it comes to enhancing climate adaptation, there appears to be a limited understanding of the extent to which Smart Building Rating Systems (SBRS) integrate climate adaptation considerations into their frameworks. As we stand on the brink of the smart building era, it is essential to understand the degree to which existing SBRS integrate the climate adaptation in order to ensure that the next-generation of building performance requirements are not only environmentally friendly but also enhance resilience against climate-related challenges.
2.2 Research methodology
The unique problem that climate change impacts bring with it, is that they will affect a broader spectrum of the built environment physical and social sectors that are highly interrelated (Revi et al., 2017). Thus, for the adaptation measures to be truly successful they need to be equally holistic incorporating many sectoral, spatial, and temporal scales. This holistic perspective allows the built environment to function as a unified and interconnected system (Khoja et al., 2022). Interestingly, this cross-scale and cross-sectoral consideration is also a critical and distinctive enabling factor of “smart” buildings. This broader context is essential for both end-users and policymakers to fully leverage the advantages of smart buildings. In essence, a smart building’s intelligence is closely tied to its ability to take advantage of the cross physical and cross temporal exchange of information. Thus, a smart building must be always viewed within the greater urban context it interacts with.
In terms of urban climate adaptation, the IPCC AR5 report highlighted seven sectors in which adaptation measures are a priority for the urban areas. Nearly all key urban sectors identified by the IPCC as susceptible to climate change impacts are either located within or intricately linked to the building part thud being an integral part the built environment. Buildings, in fact, often serve as either origins or destinations for various sectors including water, energy, communication and transportation networks.
Accordingly, the assessment of the integration of the climate adaptation in the SRBS is made for the following sectors seven: Structures (envelope), Water, Wastewater and Sanitation Systems, Green and Blue Infrastructure, Energy Systems, Transportation and Mobility, Communication Systems, Human Wellbeing, and Organization. The rational behind selections of these sectors is twofold:
Firstly, it allow to align the building with the key urban sectors identified by the IPCC as vulnerable to climate impacts (Revi et al., 2017). Secondly, in recognition to the fact that the smart building is to be part of greater smart urban context, the chosen sectors represent elements of urban infrastructure that are interconnected and shared, either physically or virtually, across urban scales (building, neighbourhood, and city). These include energy systems, water and wastewater systems, communication systems, transportation, and aspects of human wellbeing. Even if the traditional planning views these sectors at each scale separately, in reality however, that these sectors do not operate in isolation but are part of an integrated urban system. Thus, the essence of this sectoral approach is to contribute to more holistic consideration of climate resilient urban environment and allow for the urban environment to be viewed as an interlocked entity.
For each of the seven sectors, the assessment of the incorporation of climate adaptation into each of the four smart building rating systems is measured using a simple 4-point ordinal scale, ranging from zero (0) to three (3) points as illustrated in Table 2. The justification for the assignment of the rating score is made based on the available peer reviewed publications as demonstrated in the example provided in Table 4.
TABLE 2 | Scoring methodology to assess the degree of adaptation to climate change in the four investigated SRBS.
[image: Table 2]The choice of using a 4-point scale assessment is three-fold:
I. Simplicity and Comprehensive Overview: The objective of the study is to provide a simple, yet comprehensive overview about the degree of inclusion of climate adaptation in each system. By employing this numerical scale, we establish a balanced framework that enables easy and meaningful comparisons between different smart building rating systems (SRBS). This facilitates a deeper understanding of how various climate risks are considered by each system.
II. Detailed Comparison: The choice of a 4-point scale deemed well suited to capture subtle differences in the level of climate adaptation integration within each SBRS allowing to go beyond highlighting the mere presence or absence of climate adaptation strategies but the extent and manner of their incorporation.
III. Flexibility for Future Updates: As the field of knowledge and technology continues to evolve, so will the criteria and indicators for SRBS. The 4-point scale assessment enables accommodating such changes and allowing future adjustments or refinements of the results based on emerging information or revised criteria in smart building rating systems.
As the adaptation reactions overlap and can serve to enhance the reliance against one or more hazard, the assessment is conducted separately for each hazard taking into consideration either individual or grouped performance requirements that address the hazard. Hence, double counting for the same hazard is not permitted and is only possible if the indicator or group of indicators address two separate hazards. For the indicators that address the same hazard, the results will be based on the indicator that is assigned the highest score, i.e. (3) three points without aggregation. For the sectors of in which there is no clear relation between the sector and a hazard, such as the lack of relation between the climate impact of drought and transport sector, this point is excluded from the total score and is denoted with n/a. Finally, for each climate hazard, the assessment is made for the key urban sector that such energy, water, communication systems, etc. that is addressed by a single or a group of performance requirements.
Accordingly, the scoring matrix for each hazard and sector is represented in Table 3.
TABLE 3 | Scoring matrix.
[image: Table 3]The example provided in Table 4 and illustrated in Figure 3 shows the application of the rating methodology to evaluate a degree of inclusion of adaptation requirements to the climate impact of drought in the SmartScore rating system.
TABLE 4 | Evaluation of the inclusion of adaptation requirements in the SmartScore rating system to the impact of drought.
[image: Table 4][image: Figure 3]FIGURE 3 | A schematic showing an example application of the methodology for assessing the integration of drought adaptation in the SmartScore rating system across the sectors.
3 RESULTS: THE CLIMATE CHANGE ADAPTATION CONSIDERATIONS IN THE FOUR SMART BUILDING RATING SYSTEMS
3.1 The inclusion of climate adaptation provisions in the SRI system
The evaluation of the SRI indicators reveals a clear focus on optimizing energy consumption through a mix of energy monitoring, fault detection, energy demand forecasting, and communication with the external grid. Consequently, the SRI heavily relies on active system adaptation, which has its own inherent vulnerabilities in terms of climate adaptation and most of achieved points can be attributed to the dual benefit effect. This is more apparent in the system’s good performance against the hazard of heatwaves and in the energy sector, owing to the SRI system’s focus on renewable energy generation and smart grid integration. However, these considerations fall short in providing meaningful requirements that addresses other the climate change impact areas and key urban sectors, such as drought, transport, and blue and green infrastructure sectors where the system failed to collect any points. In total the SRI system collected 20 out of the possible 90 points. The detailed assessment of the system is provided in the attached Supplementary Material.
3.2 The inclusion of climate adaptation provisions in the SmartScore system
Like the SRI system, the SmartScore shows a tendency towards the use of active systems to enhance building adaptation and resiliency. Nevertheless, the evaluation of SmartScore system shows a balanced performance of the system across almost all sectors and hazards. However, both the transportation and mobility sector and the blue and green infrastructure are not addressed. The evaluation of all other sectors and climatic hazards yielded at least a single point. The main driver behind this result can be attributed to the system’s original focus on the communication sector and on the interaction between the building system and the end user. In total, the SmartScore system was assigned 27 out of a possible 90 points.
3.3 The inclusion of climate adaptation provisions in the WiredScore system
The WiredScore system focuses primarily on the communication and energy sectors, which may be justified given the nature of the rating system. This might explain the high similarity in the points achieved by both the WiredScore and SRI system. According to the conducted evaluation both systems achieved the exact same number of points in all sectors except for the drought, where the WiredScore was awarded a single point. This single point was awarded due to a dual benefit effect: as system focuses on ensuring reliable reception of mobile signals across the building, users can theoretically receive an early warning about possible drought, which is a strategy that is widely used today in many African countries (Calvel et al., 2020; Gwimbi and Siimane, 2021). However, when viewing the evaluation from the sectors point of view, the more differences become apparent between the WiredScore and SRI as well as other reviewed systems. The WiredScore was awarded points in only three out of the total seven sectors, namely the communication systems sector, the energy sector and the human wellbeing and organization sector. In total the WiredScore achieved 21 of the possible 90 points.
3.4 The inclusion of climate adaptation provisions in the R2S system
The stated goal of the R2S label is to equip certified buildings to be adaptive, pleasant to inhabit, and capable of interacting with their wider environment as an integral part of a Smart City. The R2S system covers six themes: one, titled ‘Services,’ is dedicated to the occupants and the building and contains a single category; two themes address governance, namely ‘Digital Security’ and ‘Responsible Management,’ the latter of which contains nine categories. The final three themes - ‘Connectivity,’ ‘Network Architecture,’ and ‘Equipment and Interfaces’ - focus on technical principles and collectively comprise eleven categories.
Despite the extensive catalogue of indicators of the R2S system, was awarded only 13 points out of the total possible 90 points, which represents the fewest points among all the examined rating systems. The R2S system heavily focuses on the communication sector, similarly to the WiredScore. However, the system neglects the impact of heatwaves on communication systems and lacks the effective combination of passive and active strategies to reduce vulnerability to climate change-related impacts.
3.5 Discussion of findings
The comparison of results among the four smart building rating systems are summarized in Table 5. The table shows the hazards and sectors in which each system either showed a strong or weak inclusion of climate adaptation topics. The detailed evaluation of the four SBRS across sectors, hazards along with the justification for each attained score can be found in Supplementary Material.
TABLE 5 | Summary of climate adaptation provisions in the four SBRS.
[image: Table 5]In a summary and from a sectoral perspective, as illustrated in Figure 4, all investigated systems incorporate performance requirements that address climate adaptation in the communication and human wellbeing and organization sectors. Notably, none of the systems scored less than 4 out of the possible 12 points in both sectors. WiredScore stands out as the only system that achieved the maximum points in the communication sector, while SmartScore earned the highest score of 9 points in the human wellbeing and organization sector. Regarding the energy sector, the SRI, SmartScore, and WiredScore systems demonstrated overall good incorporation of climate adaptation measures, with SRI leading the group. In contrast, R2S received 0 points in this sector, indicating a lack of consideration.
[image: Figure 4]FIGURE 4 | An overview of the sectoral performance of each system.
This brings us to the shortcomings shared between all the four systems. Firstly, it is observed that none of the systems has indicators in place addresses the climate adaptation of the green and blue infrastructure sector, as well as the transportation and mobility sector. Similarly, the water and sanitation sector has been barely addressed in the SmartScore system and is absent in all other systems. In regard to the structure and building envelope sector, the picture is rather mixed, with SmartScore and SRI showing good integration of adaptation provisions, while the other two systems illustrating poor results.
When viewed from a climate hazard perspective, as summarized in Figure 5, an analysis of the four smart building rating systems reveals noteworthy strengths and shared deficiencies. It is fair to say that all four systems showed relatively consistent though relatively low integration of provisions addressing the climatic hazards of flooding, heavy precipitation, storm and wind hazards, and heatwaves, with scores ranging from 3 to 6 points. SmartScore, being the best performing among the 4. Scoring consistently 6 points in all the aforementioned hazards.
[image: Figure 5]FIGURE 5 | An overview of climate hazards addressed by each system.
In contrast, when it comes to addressing the climatic impact of drought, all systems showed a lower level of integration, with scores ranging from 0 to 3 points. SmartScore scored the highest in this category, followed by WiredScore and R2S, each receiving 1 point, while SRI received no points.
In summary, each of the four systems exhibits strengths aligned with its initial mission such as in the areas of connectivity, energy, or end-user, the comparison showed also significant gaps in addressing the full spectrum of climate hazards or urban sectors. In our view several factors contribute to this neglect of climate adaption into the existing SBRS. For one, the relatively recent emergence and inherent complexity of climate change adaptation and resilience issues, compared to mitigation measures. This is often compounded by the localized nature of these measures in contrast to the global mitigation action. Moreover, most SRBS are very specialized and focus on niche areas that are not yet widely implemented in the mainstream buildings. Lastly, the existing building planning process still views a building as a separate entity within the greater urban context. At the same time, smart buildings are not isolated and are designed to take advantage of the cross-scale information exchange between the building and its context, which can ultimately improve the resilience of the individual buildings as well as the collective urban system. Realizing this requires a fundamental shift in the planning paradigm (Khoja, 2022).
4 CONCLUSION AND CLOSING REMARKS
In the face of the escalating global climate crisis and the growing vulnerability of urban areas to climate-related hazards, there is an urgent need to assess the integration of climate adaptation measures within the existing building performance rating systems. Buildings and urban environments are expected to operate under new climate conditions they might not be well prepared against. This task has become even more pressing due to the limited availability of an operational climate resiliency rating system in the market (Felicioni et al., 2023). Against this backdrop and the clear shift in both policy and market domains towards incorporating smart building rating systems, this paper has undertaken the crucial task of examining the extent to which four prominent smart building rating systems—Smart Readiness Indicator (SRI), SmartScore, WiredScore, and Ready2Services (R2S)—incorporate climate adaptation provisions.
The simple numerical assessment made in this paper has addressed a critical research gap about the degree of integration of climate adaptation measures within smart building rating systems. It has also brought to the forefront the strengths and weaknesses inherent in each system’s approach. Additionally, it has pinpointed sectors where adaptation options are effectively addressed and those that demand further attention.
The findings reveal that the urban sectors intrinsically tied to the smart building paradigm, such as communication sector, and the human wellbeing and organization sector showed a good level of adaptation integration. Significantly, none of these systems scored less than 4 out of a possible 12 points in these sectors. WiredScore particularly distinguishes itself by achieving the maximum points in the communication sector, while SmartScore excels with the highest score of 9 points in the human wellbeing and organization sector. Nevertheless, the study also revealed that SBRS almost universally fall short in covering other vital domains such as building envelope and structure, water and sanitation, transportation, and mobility, as well as blue and green infrastructure. This can be attributed to the fact that these sectors are typically part of the conventional and not “smart” aspects of buildings. This reveals the shortcoming of a narrow focus and definition of SBRS. This underscores the need for urban planners and policymakers to broaden the SBRS scope to include these traditional sectors, ensuring a comprehensive urban strategy.
Moreover, it is intriguing to note that, from a climatic hazard perspective, the climatic impact of drought is scarcely addressed by all the reviewed systems. This deficiency may be attributed to the origins of these systems as they stem from regions historically unaffected by water shortages. These observations point out the limited geographical and thematic scope of existing smart building rating systems. This highlights the opportunity for policy reforms that mandate the inclusion of drought resilience measures in all building rating systems, regardless of their geographical origins:
Moreover, overcoming these shortcomings can be achieved when sustainability rating systems are applied in conjunction with smart building rating systems. The findings of Felicioni et al. (2023) has showed that sustainable rating systems explicitly address among other the water efficiency, site ecology as well as the transportation system. These are those sectors where the reviewed smart building rating systems failed. This fact demonstrates the possible advantage of combining more generation of building systems with each other and raises a fundamental question about the extent to which a building can genuinely be labeled as “smart” if it fails to meet the basic prerequisites of sustainable building requirements.
It is observed that current building rating assessment methods are effective in delivering high-performance buildings within specific domains, such as energy efficiency, smart technology integration, and sustainability. However, they often lack clarity in illustrating how a high rating in one domain might impact performance in other areas. This situation highlights the need for an umbrella rating system. Such a system would integrate these rating systems, allowing for a more comprehensive understanding and translation of performance scores from one domain to another. This holistic approach would provide a clearer picture of a building’s overall performance across various dimensions. Nevertheless, enforcing such rating system must carefully weigh the trade-offs between enhancing building performance and the potential increase in construction costs and design complexity (Academies et al., 2012). However, in terms of the climate adaptation, the American National Institute of Building Sciences’, has showed that for every $1 spent improving on building climate resilience beyond the provisions outlined in the 2015 International Codes (I-Codes), $4 can be saved in return (Council, 2018).
The interconnectedness of smart buildings with their surrounding infrastructure and the broader urban context emphasizes the significant potential of a smart building for adapting to climate impacts. However, it also reveals the dependence of a smart building on the surrounding context for its true functionality. A smart building may be as smart and sustainable as the surrounding environment permits. Thus, the availability of the fundamental prerequisites of a smart city plays a pivotal role in realizing the full potential of smart buildings in climate adaptation efforts. This also raises the importance of the cross-scale consideration in the building rating domain in general and in climate related topics in particular. This is particularly important because mitigation measures and adaptation actions can be complementary, leading to improved building performance across both areas (Munasinghe, 2001; IPCC, 2007; Raven et al., 2018; Schünemann et al., 2020). However, these dual benefits are not always fully realized. In fact, if not carefully considered, they can result in maladaptation or underperforming mitigation efforts (Scheraga and Grambsch, 1998; Rosenzweig et al., 2018). It can be argued that the complexity, differing objectives, the local vs. the global nature of mitigation approach restrict the full realization of their combined benefits (Metz et al., 2007). The complexity of accurately assessing building resilience is aggravated by the lack of a standardized evaluation framework. This absence renders the interpretation of resilience scores ambiguous, particularly when contrasted with the well-established methods used for measuring progress toward climate mitigation goals (Khoja et al., 2022). This argues the importance of developing a standardised framework for assessing the building vulnerability and resilience to climate risk. The (ISO 14091:2021 Adaptation to climate change) offers a good starting point for creating such a framework. This standard, being part of the ISO 14000 series, could be adapted and tailored specifically for urban environments (Khoja, 2024). Beyond the necessity of a framework, there is an urgent need to shift towards a holistic, multidimensional, and circular planning process that can bridge the temporal and spatial gaps inherent in current design practices. By doing so, planners and users can fully exploit the temporal and spatial cross-scale benefits offered by sustainable building design and smart building systems (Khoja, 2022). Such a shift would not only help enhance the resilience and sustainability of buildings but also ensure they are acting as interlocked, connected urban system.
Our perspective argues that a smart building, as the next evolutionary and complementary step in the building requitements that builds upon and expand beyond the energy-efficient and sustainable buildings, offer temporal and spatial advantages that allow the built environment to work as a holistic system. This approach provides policymakers and urban planners with effective tools to address climate change through multilevel governance and to treat the whole urban environment as a single entity. New research goals could focus on the standardization of SRBS, drawing from successful international models such as Germany’s Quality Seal for Sustainable Buildings (QNG), and exploring the financial mechanisms that could support such initiatives. Additionally, funding programs and financial incentives could accelerate the renovation of existing buildings with such smart technologies. While smart homes offer environmental, economic, and social benefits, it is crucial to address the significant security and data protection risks associated with these systems. The research by scholars like Ali and Awad (2018) and Brooks et al. (2020) discus these concerns in depth and suggests measures to mitigate them. The Smart building systems’ overreliance on active systems that require a constant information and energy feed make them also very vulnerable single system failures that could trigger catastrophic cascading risks. Balancing these active systems with passive ones is essential to overcome vulnerabilities. This advocates researching how the smart buildings can be completed with a nature-integrated architectural practices, in which our communities act “with” rather than “despite” it. The “Vernomimicry” approach suggested by Khoja and Waheeb (2020) offers a promising concept for developing contemporary urban adaptations that harmoniously align with nature’s principles.
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