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Résumé

Le climat est l’objet d’attentions croissantes, mais très loin d’être suffisantes au regard des enjeux portés par son évolution. Les données sont essentielles pour aider à la prise de décisions favorisant un moindre impact environnemental d’un bâtiment, notamment lors de sa construction. Cette prise de contrôle des données dans la construction à travers la mise en œuvre du BIM peut aider à façonner des choix plus intelligents concernant la construction, mais aussi l’exploitation des bâtiments, la consommation d’énergie, ou encore les matériaux de construction et de déconstruction.

Cet ouvrage, constitué de dix chapitres, témoigne de l’intérêt du secteur des métiers du bâtiment et des travaux publics, mais aussi de la géomatique et de la science de l’information géographique, pour participer à l’immense défi posé par le changement climatique. Une vingtaine de spécialistes appartenant à différentes universités françaises et étrangères (Belgique, Royaume-Uni…) et à des centres de recherches de l’industrie privée traitent le sujet avec une dizaine de contributions.
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Préambule


La crise climatique est un fait scientifique, pas une opinion parmi d’autres.


Le secteur de la construction pèse lourd dans le décompte des émissions de gaz à effet de serre, responsables de cette crise. Les parties prenantes sont donc responsables, mais sont également une partie de la solution. Elles ont les moyens d’infléchir la trajectoire carbone, en utilisant des matériaux décarbonés, des méthodes de construction plus industrielles, en favorisant l’économie circulaire, en optimisant la conception afin d’être plus sobres lors de l’exploitation des ouvrages et des bâtiments…


Des solutions techniques existent et des innovations doivent être élaborées et éprouvées, mais il est désormais évident que la transformation numérique du secteur de la construction est une composante indispensable pour piloter cette transition écologique et énergétique.


Le digital est le seul moyen d’évaluer le bilan carbone d’un ouvrage ou d’un bâtiment pendant tout son cycle de vie, depuis sa programmation jusqu’à sa déconstruction. Déjà aujourd’hui, des bases de données partagées, décrivant les facteurs d’émission du bilan carbone dans chaque pays et pour chaque scope, permettent de réaliser des estimations basées sur des extractions automatiques de nomenclatures d’objets issus de maquettes numériques ressourcées. Ces estimations peuvent ensuite être comparées au bilan carbone effectif, celui qui a été calculé à partir des bordereaux de livraison des matériaux et équipements, mais aussi des factures d’énergie consommée pendant la construction puis l’exploitation des ouvrages et bâtiments.


À présent, l’estimation du bilan carbone en phase de construction et en phase d’exploitation est devenue un paramètre de comparaison et de choix des offres, avec des pénalités annoncées en cas de dépassement des engagements pris.


Pour la conception des ouvrages et des bâtiments, l’utilisation de nombreux logiciels est nécessaire afin d’optimiser chaque système répondant aux fonctions et aux performances attendues. La combinaison de tous les résultats est complexe, et des logiciels MDO (multidisciplinary optimization) permettent de calculer l’ensemble des possibles et de faciliter les prises de décision, en fonction de critères définis. En effet, les données sortantes d’un logiciel deviennent les données entrantes d’un autre logiciel, ce qui conduit à des myriades de solutions par variation des paramètres de chaque étape d’analyse. Les résultats les plus probants sont alors sélectionnés et approfondis, de manière à faire le choix d’une solution optimale. Ces logiciels exigent des puissances de calcul très élevées, mais surtout une connaissance aigüe des différents métiers qui interviennent dans un projet de construction, afin que la variation des paramètres reste dans des plages de valeur éprouvées et réalisables.


Dès la conception, la mesure des impacts environnementaux de l’usage des ouvrages et des bâtiments pendant leur vie nécessite de disposer également de données socio-économiques permettant de comparer les projets sur ces critères à travers des simulations holistiques également complexes. C’est également au stade de la conception que les outils permettant d’objectiver les choix doivent permettre de faciliter l’acceptation des projets, ce qui représente un enjeu majeur aujourd’hui.


Pour construire des ouvrages et des bâtiments, la tendance est à l’anticipation des séquences de construction, c’est-à-dire à la planification détaillée de l’enchainement des travaux en tenant compte de la coactivité dans des espaces contraints, de la saturation des moyens de manutention, mais aussi des accès pour acheminer les matériaux et les équipements. Cela exige également une connaissance précise des composants installés, du temps et des ressources nécessaires à leur mise en œuvre, des capacités des matériels utilisés, des surfaces des aires disponibles pour le montage des équipements, etc. La structuration des données mais aussi le niveau de besoin d’informations nécessaires sont des prérequis, ce qui exige une parfaite définition des exigences d’information pour chaque intervenant et pour chaque phase du projet. Ces informations sont issues de l’EIR (Exchange information requirement) décrit dans la norme ISO 19650, qui définit également l’environnement de la collaboration (CDE) et les statuts des données concernant leur gestation, leur partage et leur publication. On parle ici de sobriété numérique, puisqu’il s’agit de garantir l’unicité de la donnée (pas de redondance), l’interopérabilité des données pour éviter les transformations d’un format dans un autre, mais aussi d’intégrité de la donnée (fiabilité et responsabilité) dans le but de ne livrer que l’information nécessaire pour que chacun puisse exercer correctement ses missions.


Cela définit donc un « jumeau numérique de réalisation » pour l’optimisation des séquences de construction, des moyens de manutention, de logistique et de stockage, mais aussi des mouvements et de l’aide au pilotage des engins, sans oublier la sécurité des hommes par une meilleure organisation du chantier.


Enfin, pour la maintenance et l’exploitation des actifs bâtis, qu’ils soient ouvrages de génie civil ou bâtiments, l’utilisation de jumeaux numériques, c’est-à-dire une représentation numérique de l’actif physique et de son comportement, alimentés par des informations captées en temps réel, permet d’optimiser, voire de prédire, les opérations de maintenance (anticipation des désordres et facilité d’intervention sur des équipements) et de proposer des services aux usagers (en termes de sécurité ou de performance).


La place majeure prise par la donnée dans les métiers de la construction est un réel défi pour les organisations, mais aussi pour la formation des acteurs. Cette mutation digitale nécessite à la fois la maîtrise de la gestion des données, au plus près de la réalité de terrain, et la mise en œuvre de la collaboration entre acteurs (maîtrise d’ouvrage, maîtrise d’œuvre, ingénierie, exploitant, mainteneur…). Cette mutation ouvre aussi la voie à de réelles innovations s’appuyant sur la valorisation des masses de données, qui pourront être recueillies et mises à disposition par la communauté et les collectivités territoriales. Ceci afin d’améliorer les méthodes et les performances, en intégrant de nouveaux savoir-faire et de nouveaux acteurs d’une génération mobilisée pour l’avenir de la planète. Il reste également nécessaire d’évaluer le bilan carbone du data mining et de l’intelligence artificielle, très consommateurs de puissance de calcul et de ressources énergétiques, afin de démontrer que l’impact carbone du numérique reste négligeable par rapport aux gains engendrés par les simulations et optimisations proposées par les nouvelles technologies numériques.


Pour faire face à l’urgence climatique de notre planète, les enjeux techniques sont immenses et l’innovation est nécessaire, qu’elle soit pour mieux concevoir, mieux construire, mieux exploiter, mais aussi mieux déconstruire à la fin de vie de l’ouvrage. Mais attention, ces innovations ne doivent pas impacter le coût des ouvrages, car le compromis coût/impact carbone sera vite balayé par des considérations financières.


Cependant, l’enjeu le plus prégnant reste l’enjeu sociétal, afin de trouver les bons arguments pour rendre soutenable cette transition écologique, pour convaincre chaque citoyen qu’il est acteur de ce défi et aura des efforts significatifs à fournir pour le bien-être de la société dans laquelle il vit et pour assurer l’avenir de l’humanité.


Pour aborder tous ces sujets prépondérants, le secteur de la construction a besoin d’accompagnement et de support de la part des donneurs d’ordre publics et privés, des dirigeants d’entreprises, des chercheurs et des enseignants, pour faire face à ces enjeux techniques, numériques et sociétaux.


François ROBIDA (président du projet national MINnD)
Pierre BENNING (codirecteur de MINnD)
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Reverse Engineering for Digital Twining of Climate Smart Cities
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Résumé


Les jumeaux numériques (Digital Twins) attirent de plus en plus l’attention des chercheurs et des praticiens pour leur potentiel d’amélioration de la prise de décision pour la planification des villes intelligentes. Le succès de la mise en œuvre des jumeaux numériques dépend en grande partie de la capacité à surmonter les défis liés à l’extraction de connaissances à partir de données cloisonnées et souvent hétérogènes sur diverses applications de villes intelligentes. Alors que la technologie a été au cœur des Digital Twins pour les villes intelligentes, elle s’est souvent concentrée sur les technologies de construction numériques sans tenir compte des technologies couramment utilisées dans la plupart des villes. Les produits Microsoft sont parmi les plus largement utilisés dans la pratique, mais ne sont guère considérés comme faisant partie des outils pouvant être utilisés pour déployer ou améliorer les jumeaux numériques pour la planification des villes intelligentes. Cette étude propose une approche d’ingénierie inverse pour l’intégration des technologies de construction numérique, en particulier la modélisation des informations du bâtiment (BIM) et les outils Microsoft, pour démystifier la gestion des données hétérogènes toujours plus complexes des villes intelligentes. Cet article présente une preuve de concept pour illustrer cette méthodologie d’intégration de données pour l’évaluation de la performance environnementale des bâtiments. Le document détaille le flux de travail, les différentes possibilités d’intégration des données et la présentation pour la visualisation. Le document se positionne comme une feuille de route pour les études futures.


Mots-clés


Construction, jumeaux numériques, gestion de l’information, évaluation de la performance, villes intelligentes


Abstract


Digital Twins has been increasingly gaining attention from academics and practitioners for its potential in enhancing decision-making for the planning of smart cities. Success in implementing Digital Twins depends greatly on overcoming the challenges with knowledge extraction out of siloed and often heterogenous data about various smart cities applications. While technology has been the core of Digital Twins for smart cities, its focus has often been digital construction technologies with hardly any consideration on technologies commonly used in most cities. Microsoft products are amongst the most widely used in practice but hardly considered as part of tools that can be used in deploying or enhancing Digital Twins for the planning of smart cities. This study proposes a reverse engineering approach for integrating digital construction technologies, specifically Building Information Modelling and Microsoft tools in demystifying the management of the ever-growing complex heterogenous smart cities’ data. This article presents a proof-of-concept to illustrate this methodology for integrating data for evaluating the environmental performance of buildings. The paper details the workflow, various possibilities of data integration and presentation for visualisation. The paper positions itself as a roadmap for future studies.


Keywords


Construction, Digital Twins, Information Management, Performance Assessment, Smart Cities


1.Background


The world is experiencing unprecedented impacts of climate change on cities with negative consequences on the loss of lives, collapse of buildings and infrastructure, etc. This is corroborated by the findings of the UN-Habitat in its World Cities Report 2022, which states that “the worst-case scenario of urban futures is that of high damage”. Such a scenario will have devastating impacts on a scale similar to the ongoing COVID-19 pandemic as well as global economic uncertainties, environmental challenges, and wars and conflicts in different parts of the world which could potentially have long-term impacts on the future of cities. The impacts of climate change on future cities are and will not be uniform across regions (Pettang et al., 2022; UN-Habitat, 2022) and can lead to a range of scenarios (UN-Habitat, 2022). In the global North, the key priorities for the future of cities include managing cultural diversity, upgrading and modernizing ageing infrastructure, addressing shrinking and declining cities, and meeting the needs of an increasingly ageing population. On the other hand, in the global South, urban priorities for the future are rising levels of poverty, providing adequate infrastructure, affordable and adequate housing and addressing challenges due to the growth of slums, high levels of youth unemployment, etc. Addressing these challenges requires a paradigm shift from silo-based approaches toward integrated plans and policies that consider interactions between multiple factors in a city region (UN-Habitat, 2022). Adopting an integrated approach that builds on multiple factors can lead to a range of future scenarios that will need to be analysed for possible deployment by decision-makers including city leaders. Furthermore, the approach fits into the Climate Smart Cities initiatives for developing measures to respond to climate change and make global cities more resilient proposed by the United Nations (UN, 2022). Emerging digital technologies can play a significant role in developing an understanding and ensuring greater participation of stakeholders involved in the planning and making cities smarter. However, in recent years emphases have been on the use digital construction technologies such as 3D-Laser scanners, 3D printers, drones, robots, Building Information Modelling (BIM), Digital Twins which are discipline-focused with less interest on common societal technologies. These discipline-specific technologies, e.g., Digital Twins require technical knowledge in capturing, exploring and presenting complex and evolving data for the planning of smart cities – a big challenge to most city decision-makers. On the other hand, many societal technologies including Microsoft tools are commonly used by city dwellers with little or no technical background. This suite of technologies is easy to use, foster collaboration and participation of city actors including dwellers and offers opportunities for efficient presentation and visualisation of data for informed decision-making. Yet, other than a few Microsoft tools for project planning, an understanding of their adoption in the construction industry is still very sketchy. Furthermore, scholarly work into how the silos between construction actors and decision-makers including city planners can be bridged through the integration of Microsoft and BIM tools for optimisation of information exchange and visualisation is still very limited.


This study aims to explore how emerging BIM and Microsoft tools can be integrated to aid city actors in fostering participation and better decision-making in the planning of smart cities. Given the exploratory nature of this study, reverse engineering is an appropriate method to be used (Becker et al., 2020). The method will be applied on a use case based on the integration of embodied energy, embodied carbon, operational energy, operational carbon and waste from buildings in cities. Reducing embodied energy and carbon, operational energy and carbon contributes to achieving net-zero energy buildings (Cusenza et al., 2022). Effective waste management will reduce pressure on the planet’s natural resources while potentially reducing emission of greenhouse gases that significantly impacts on climate change (Gómez-Sanabria et al., 2022). Integrating these factors provides a better and holistic understanding of their impacts on the environment and can inform the transition towards a low carbon economy.


2.Smart City Development in the era of Digital Twins


2.1.Smart City, Digital Twins, Information Integration and Interoperability


For purposes of this study the main concepts to be examined here are smart cities and Digital Twins. In the literature, the concept of smart city has been defined differently with a general lack of a consensus as to what it really means (Dameri et al., 2017). However, the definition in the BS ISO 37122:2019 appears more encompassing and reads:


“city that increases the pace at which it provides social, economic and environmental sustainability outcomes and responds to challenges such as climate change, rapid population growth, and political and economic instability by fundamentally improving how it engages society, applies collaborative leadership methods, works across disciplines and city systems, and uses data information and modern technologies (ICTs) to deliver better services and quality of life to those in the city, now and for the foreseeable future, without unfair disadvantage of others or degradation of the natural environment.”


Despite the variety and often confusing use of the term, what is common in all the definitions is the use of ICTs in delivering services in cities. One of such ICTs is Digital Twins. Like smart city, so many definitions about Digital Twins already exist in the literature despite its nascent nature. Amongst the definitions, those of Bolton et al. (2018) and Tao et al. (2019) clearly stand out and reflect the current industry as well as academic thinking. The merged definition of Digital Twins from the authors is a dynamic virtual representation of a physical object or system across its lifecycle (Bolton et al., 2018) or a real mapping of all components in the product lifecycle (Tao et al., 2019), using real-time data to enable understanding, learning and reasoning to inform efficient decision-making about the performance of the physical asset.


The definition underlines the connection between the physical and virtual model, the real-time data flow from the physical environment or model to the virtual reasoning module that can be used in decision-making about the asset. The decision-making should be about various applications for the planning and development of smart cities and greatly depends on ICTs for its efficiency. Given the multiplicity of the ICTs there is a need for communication, thus the concepts of information integration and interoperability.


Efficient processing of information depends largely on how the computer programmes interface (i.e., integration) and/or how easy such information can easily be exchanged between two or more computer systems (i.e., interoperability). To enhance understanding, the terms “component” and “system”, relevant to these two concepts will have to be explained. According to IEEE 610 components are one of the parts that make up a system, while a system is a collection of components organised to accomplish a specific function or a set of functions.


The term integration refers to the process of combining components into an overall system (after IEEE 610). From an information management perspective, it refers to the process of combining information or data from same or different sources. Five different BIM integration examples have been examined in Wastiels and Decuypere (2019). The first is about how different building components (with their quantities) are manually linked to predefined lifecycle assessment (LCA) profiles available in the LCA software database or creates new LCA profiles where needed. The second method is about how BIM data is imported (in industry foundation classes (IFC) format) and linked to predefined LCA profiles available in the LCA software databases. Thirdly, the BIM Viewer is used in linking LCA profiles. Fourthly, the LCA plugin is used to link LCA profiles to BIM objects within the native BIM environment. Lastly, LCA information is included in the BIM objects that are used in the BIM model.


According to IEEE 610, interoperability is the ability of two or more systems (or components) to exchange and subsequently use their information. Consequently, interoperability is concerned with the ability of systems to communicate – and it requires that the communicated information can be understood by the receiving system – but it is not concerned with whether the communicating systems do anything sensible as a whole. The interoperability between two systems could be fine, but whether the two systems as a whole actually performed any useful function would be irrelevant as far as the interoperability is concerned.


The importance of system integration and interoperability cannot be underestimated especially in the context of smart cities where so many technologies are being used in processing data from heterogenous sources.


2.2.BIM-Microsoft Technology software for Smart Cities


The world of digital technologies is experiencing a surge in innovative technologies with many being from leading vendors such as Microsoft. Despite the popularity of Microsoft systems and their uses in many sectors, their applications in the built environment are hard to find. The ensuing sections will focus on the integration of BIM and Microsoft systems for different construction applications.


The two main Microsoft products to be considered are Microsoft Power BI and Microsoft Power App. Power BI is an interactive data visualization software that primary focuses on business intelligence. Microsoft Power App is an application for the easy development of mobile and web apps for any business need by those with or without any technical or development experience.


Also, there are some innovative technologies in some emerging areas that can also significantly improve information management in construction practice. For example, Autodesk Tandem and Azure Digital Twins for Digital Twin, TX Laser Scanner for laser scanning and Polycam for mobile laser scanning.


Autodesk Tandem is a cloud-based Digital Twin technology platform. It enables projects to start digital and stay digital, transforming rich data into business intelligence. By harnessing BIM data throughout the process, AEC firms can create and handover a Digital Twin to building owners and operators. The easily accessible, contextual, and insightful data they receive makes for ready-to-go operations.


2.3.Reverse Engineering in Digital Construction technologies


In the Software and Mechanical Engineering fields, “reverse engineering” is defined as any activity that can be used to determine how a product works, or to learn the ideas and technology that were originally used to develop the product. It is a systematic approach for analyzing the design of existing devices or systems. In contrast to forward engineering, which is the traditional process of moving from high-level abstractions and logical designs to the physical implementation of a system, reverse engineering starts from physical entities and ends with digital model (Raja, 2008). This may be due to the fact that technical details, such as drawings, bills-of-material, or engineering data, are not available. In the context of BIM for building environmental assessment, the engineering data could be available but not in a suitable format for the assessment, in which case a digital model is required. In order words forward engineering is often called digital-to-physical while reverse engineering is referred to as the physical-to-digital process. The latter, physical-to-digital is highly relevant to the field of Digital Twins since most are developed from existing physical assets, thus making reverse engineering a very suitable method for development of Digital Twins. While reverse engineering research is quite established in software engineering (Cipresso and Stamp, 2010) and mechanical engineering (Bruneau et al., 2014; Dekhtiar et al., 2016), the same cannot be said of the construction sector. However, a search on Google Scholar using relevant search terms have yielded the following studies (Park et al., 2016; Chae and Lee., 2017; Ding et al., 2019; Lee et al., 2019; Ham et al., 2020). Park et al. (2016) developed a BIM-based reverse engineering technology using a laser scanner for building safety inspection. Chae and Lee (2017) established concrete for defining for level of detail (LOD) that was fed into the reverse engineering method for investigating the applicability of budgets in construction projects. Ding et al. (2019) proposed a digital construction framework that integrates BIM and reverse engineering for improving information utilization in different phases thereby reducing errors and reworks in urban renovation projects. Lee et al. (2019) used reverse engineering, including digital photography, real time kinematic network-virtual reference stations (RTK-VRS) surveying, and post-processing data to obtain spatial information used for building occupancy inspection authorization in a BIM platform. Ham et al. (2020) proposed a phased reverse engineering framework to construct cultural heritage archives using laser scanning and a building information model.


What emerges from the preceding paragraph, also common with existing literature is the lack of studies on how Microsoft products have been used in construction despite their abundance in the market and widely used by city dwellers. Furthermore, all of the aforementioned studies focused on digital construction technologies with no consideration of integration with other common societal software systems.


3.Research methods


3.1.Use case – Developing a holistic understanding of climate smart city challenges


One of the first things in digital twining of cities is to develop an understanding of the problem to be solved (Mendes, 2022). For example, is the goal of the Digital Twin to monitor the performance of urban buildings vis-à-vis energy efficiency? In the case of this study, the main issue is related to the understanding of heterogenous data from different sources inherent in specialised software which makes it difficult for city planners and other professionals to exploit data for the planning and development of climate resilient cities. Developing Digital Twins for climate smart resilient cities require various data (including KPIs), geolocation, carbon reduction, bio-sourced materials, waste reduction, building energy efficiency, urban environmental and energy efficiency data. These can often come from different sources including, MS Excel, databases, BIM software system, ArchGIS, etc. and analysing them individually limits insights about their applicability in practice.


The key of this use case is about the integration of embodied energy, embodied carbon, operational energy, operational carbon and construction waste data from heterogenous sources that can serve as the basis for developing Digital Twins for climate smart cities. The data can be from so many sources. Climate change has accelerated the need to find measures to reduce and manage the waste we create. Reduction and reuse of waste will help reduce pressure on the planet’s natural resources while potentially reducing emission of greenhouse gases created through mass production and burning of fossil fuels.


3.2.Description of the methods


In recent years, the global market is experiencing a surge in the number of digital technologies. Due to the emerging nature of these technologies, reverse engineering driven by the use of proof of concept will be used. According to Kendig (2016) ‘‘proof of concept’’ describes research in the beginning stages, at the cutting edge of new applications or technologies, and is a buzzword used to mark out scientific research as potentially extendable and/or scalable. It is often defined within a particular context or field of study (e.g., synthetic biology, pharmacology, biochemistry, business, etc.). In the context of this study and given the emerging nature of the technologies involved, “proof of concept” through reverse engineering where a systematic process to understand how BIM and Microsoft products can be integrated for optimising information exchange are appropriate. Reverse engineering is very appropriate given the backbone of Digital Twins are physical-to-digital and digital-to-physical processes. The main reverse engineering is captured in Figure 1.




[image: Image]


Figure 1. Reverse engineering framework





The focus of this study is on step 2 of Figure 1, i.e. modelling of a project or projects. The process for the modelling of the project is presented in Figure 2.




[image: Image]


Figure 2. Modelling and managing project information in Revit-Power BI-Power Apps environments





In step 1, data is collected from various sources including from the physical building. The data could be point cloud, sensor, some incomplete drawings, etc. as indicated in step 2. The data in step 2 is used in producing a 3D BIM model in any BIM authoring tool. In our case, Revit 2022 was used as indicated in step 3. In step 3, quantities are generated and the embodied energy, embodied carbon and construction waste parameters are created. Quantity take-off is conducted and exported to a CSV format and then imported into MS Excel as indicated in step 4B. In order to evaluate the operational energy and carbon, the model is exported into an energy simulation software. In this case, eTool is used and the model in step 3 is exported into it as shown in 4A. From 4A, all the different environmental indicators are computed albeit automatically. The indicators are exported into MS Excel as indicated in step 5 and the Excel spreadsheet in step 6. Both the CSV file from step 4B and the Excel spreadsheet from step 6 are imported into Power BI. In Power BI (step 7), various interactive dashboards are created to assess embodied energy, embodied carbon, operational energy, operational carbon and construction waste. The dashboards are easy to read by different stakeholders with very minimal or no background in Revit or eTool. Their feedback is taken into account and fed back into the development of the developed model in step 3. Also, the data in Power BI in step 7 can be used to develop apps in Power App that can allow stakeholders to view the results from Power BI in Power Apps (step 8). The Power Apps interface is very user-friendly and stakeholders can edit data into it without requiring any exceptional or technical skills. Feedback from the Power Apps can also inform the redesign of the model in step 3 to optimise its performance vis-à-vis the set parameters: embodied energy, embodied carbon, operational energy, operational carbon and construction waste.


4.Findings and discussions of results


The focus in this paper has been on integrating embodied energy, embodied carbon, operational energy, operational carbon and waste from buildings. Although their assessments were illustrative, the same can be done with other environmental factors. It is possible to create interactive dashboards to assess environmental risks, analyse spatial and temporal trends in your datasets, and design infographic style environmental scorecards to visually communicate findings to stakeholders and decision-makers using the process and technologies discussed in this paper.


The BIM model used was the standard model that comes with the installation of Revit for illustrative purposes. However, as indicated in Figure 2, the data for modelling could be obtained from different sources as indicated in Stage 1-a crucial step of reverse engineering. The model was then converted into a CSV and/or MS Excel file format before being read into Power BI. By bringing the different datasets from the different sources into Power BI, interesting computations, analysis and visualisation can be conducted and displayed. The strength comes in connecting Power BI and Power Apps that allows the collection of data in a consistent.


Many other data sources can be considered especially in the era of Open Data where my governments and organisations are publishing data about services and infrastructure for public accountability. The Power BI and Power Apps tools can be used to analyse most urban city data obtained from many different sources. Some of these sources include the UN SDG indicator database, World Bank, WHO database, African Development Bank Open-Source database, UK Open-Source Database. However, it is important that while these databases can be used for various smart cities analyses in Power BI, there are limited in the sense that they lack the geometric data models of assets. In order to effectively use them, depending on the applications existing plugins (Tracer, Ideate BIMLink, visual VCAD. 3DBI), or new ones will have to be developed.


While the tools have proven to be great in analysing environmental data, its strength is not only about analysis for different applications. The Power Apps adds an additional dimension, that of engaging and educating communities – a very important aspect of the development of smart cities.


5.Conclusions


This study is grounded on the fact that the need to mitigate and/or eliminate the causes and impacts of climate change has become so urgent. Digital transformation of the construction industry has been one of the strategies to decarbonise communities thereby reducing the amount of greenhouse gases being release to the atmosphere. Embodied and operation carbon are amongst the greenhouse gases together with embodied and operational energy are the indicators considered in this article. Furthermore, by modelling and managing waste digitally, it can lead to resource optimisation and reduction or elimination of greenhouse gases into the atmosphere which contributes to climate change. It is therefore no surprise that digital transformation has been at the heart of many government agendas including the United Nations organs including the New Urban Agenda.
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