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ABSTRACT: A large body of research has been developed with the aim of assisting policymakers in setting 
ambitious and achievable environmental targets for the retrofit of current and future building types for energy-
efficiency and in creating effective retrofit strategies to meet these targets. The aim of this research is to conduct a 
comprehensive study to identify the relationship between building type and sustainability, with a particular 
emphasis on retrofitting and try to identify research gaps in the most effective energy-saving strategies for 
retrofitting various types of buildings. In this regard, this study conducts a systematic literature review (SLR) 
utilizes artificial intelligence (AI) and natural language processing (NLP). Sixty relevant papers are selected and 
reviewed, establishing a comprehensive searching scheme. The research highlights retrofitting strategies for 
improving energy efficiency in buildings and discuss the limitations of current practises in terms of physical and 
technical developments, such as utilising new energy systems and innovative retrofitting materials. To overcome 
these, future studies could focus on in-depth building classification, developing tailored retrofitting alternatives, 
and establishing an adaptive solution framework. This framework aligns cohesively with diverse typologies, 
adapting to changing contexts and enhancing long-term performance. 
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1. INTRODUCTION 

Buildings account for 40% of the overall energy consumption in the European Union (Ballarini et al., 2017). 
Improving building energy efficiency is currently considering a top priority by the UK government as a major 
initiative for accelerating the decarbonization agenda for the building industry by 2050. European policy aims to 
achieve a 27% increase in energy efficiency by 2030, primarily by improving the energy efficiency of newly 
constructed buildings. However, the number of new buildings is small compared to the total stock of buildings in 
Europe, accounting for only 1%. Therefore, the most crucial aspect of energy-saving in Europe is retrofitting of 
existing residential buildings (Pungercar et al., 2021). Nevertheless, according to (Ortiz et al., 2020), the UK 
government's main barrier in this regard, tends to be reducing carbon emissions from existing residences. To 
improve the long-term energy performance of the building stocks and reduce carbon emissions, governments 
should develop a strategy to invest in building energy refurbishment(Ballarini et al., 2017). A large body of research 
has been developed to assist policymakers in setting ambitious and achievable environmental targets for converting 
a certain building type to energy-efficient structures and creating effective strategies to meet these targets (Re 
Cecconi et al., 2022). However, building regulations are frequently changed, depending on each country's vision, 
potential, capacity to implement such changes, and the complexity of architectural details and conditions within 
its building stock (Alabid et al., 2022). 

Several variables play a pivotal role in shaping energy consumption within a building, including the building 
envelope's structure, age distribution among existing building stocks, prevailing climate conditions, building area 
and type, the building's age, and the efficiency of its system installations (Beagon et al., 2020). In order to promote 
local or national energy-saving strategies, typical residential building typologies are commonly used to model the 
energy efficiency of building portfolios (Loga et al., 2016).  

Indeed, one cruc�al aspect that contr�butes to the complex�ty of retrof�tt�ng res�dent�al bu�ld�ngs l�es �n the fact that 
each bu�ld�ng's character�st�cs can s�gn�f�cantly vary based on the env�ronmental cond�t�ons of �ts locat�on. Wh�le 
prev�ous research, as h�ghl�ghted by (Kadrić, Aganovic, Martinović, et al., 2022), has delved �nto the challenges 
and opportun�t�es of retrof�tt�ng d�fferent bu�ld�ng types, there rema�ns a notable gap �n the l�terature concern�ng 
the expl�c�t cons�derat�on of env�ronmental factors dur�ng the retrof�tt�ng process. This research aims to address 
knowledge gaps by utilizing a novel searching framework that employs an AI algorithm. It seeks to analyse the 
existing literature concerning the correlation between building types and energy-efficient retrofitting, including 
the influence of environmental factors on energy-saving strategies according to building’s typology. The goal is to 
identify crucial areas for future research and enhance the understanding of the relationship between building 
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typology, energy efficiency, and retrofitting. 

2. RESEACH METHODOLOGY 

Highlighting the most recent developments in many areas of research is essential to ensuring progress and 
innovation in those areas. However, with an overwhelming number of publications, it becomes challenging to 
thoroughly read and analyze each one. Ignoring them entirely is not a viable option either, as valuable insights 
might be missed. Therefore, there is a pressing need to develop a new search scheme that effectively filters 
publications, ensuring a comprehensive review without overlooking significant contributions. The methodology 
employed n th s research nvolves a mult -step approach to ensure a comprehens ve and robust rev ew of relevant 
stud es (F gure 1).  

The research beg ns by conduct ng a SLR proceess and develop an algor thm c gap spott ng framework, wh ch 
serves as a fundamental aspect of the process. Th s framework encompasses the formulat on of effect ve search 
strateg es and the establ shment of str ngent study select on cr ter a. By mplement ng th s approach, the research 
a ms to dent fy and address gaps n ex st ng l terature, enhanc ng the overall qual ty of the rev ew. Follow ng the 
development of the framework, the qual ty of the stud es ncluded n the rev ew s thoroughly evaluated. Th s 
evaluat on focuses on determ n ng the probab l ty of b as and assess ng the rel ab l ty of the support ng data. By 
conduct ng th s assessment, the research ensures that only h gh-qual ty stud es are cons dered n the analys s, 
enhanc ng the cred b l ty and val d ty of the f nd ngs. Based on the results obta ned from the algor thm c gap 
spott ng framework and study evaluat on, th s research a ms to dent fy gaps n the ex st ng l terature and des gn 
future study. These gaps nd cate areas where further nvest gat on s needed to address unanswered quest ons or 
explore novel perspect ves. By dent fy ng these research gaps, the study a ms to contr bute to the advancement of 
knowledge n the f eld. 

   

 

 

 

 

 

 

 

 

 

 

Fig. 1: Research methodology 

 

2.1 Systematic literature review  

To fully address a research topic, this study used (SLR) technique. The methodology employed in this publication 
for conducting (SLR) involves two main steps for defining keywords. Firstly, database selection was performed, 
and subsequently, a search strategy was developed. This process resulted in the identification of 402 relevant 
publications that were then selected for evaluation and analysis. The systematic literature review (SLR) process 
identified 60 relevant papers using PRISMA methodology (Figure 2). This approach provided valuable insights 
into energy efficiency, particularly building typology's role, crucial for decision-makers and designers. 
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Fig. 2: Search strategy framework 

 

2.2 Algorithmic gap spotting  

The research questions addressed in this section are: 

RQ1. How much publications have there been about relationship between building type and energy efficiency 
through retrofitting since 2011?  

RQ2. What are the limitations of current research in this area?  

In order to answer the research questions, this study reviewed literature related to construction building technology, 
civil engineering, green sustainable science technology and environmental science fields to catch the most relevant 
articles. This study introduces a novel approach to addressing the challenge of search strategy for identifying 
research gaps in existing literature. By leveraging AI algorithms, NLP techniques, and data analysis, a strategy 
called algorithmic gap spotting (algorithmic gap roadmap) is employed. This method offers an automated and 
systematic way to identify areas of research or knowledge where there are gaps, enabling researchers to guide 
future studies, recognize biases and limitations, and foster innovation in various fields (Figure 3). 

Algorithmic gap spotting involves the utilization of computational tools to analyse and interpret large volumes of 
published research papers, articles, and other relevant documents. By applying AI algorithms and NLP techniques, 
patterns and trends within the data can be identified, such as keyword frequency, co-occurrence of terms, and the 
distribution of topics across different domains.  
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Fig.3: Algorithmic gap spotting design process 

3. RESEARCH FINDINGS AND REVIEW RESULTS  

As mentioned before, building retrofitting is an effective approach to reducing energy consumption and carbon 
emissions. However, it is a complex process that requires consideration of various factors. Despite its potential 
benefits, there is still a lack of information on factors that impact retrofitting solutions. This research aims to 
address these gaps by conducting a comprehensive literature survey. Reviewed publications in the previous section 
identified two main areas that remain a gap in the literature, which are building retrofit assessment according to 
the typology of building and building retrofit assessment according to environmental factors. This paper discusses 
the importance of addressing these gaps and presents recommendations for future research in these areas. 

3.1 Building retrofit assessment according to the typology of building 

Building typologies play an essential role in achieving energy performance requirements of buildings. By 
considering building typologies, a comprehensive understanding of a building stock's energy efficiency can be 
gained, making it an indispensable tool in ensuring sustainable and energy-efficient buildings (Y. Li et al., 2019). 

Numerous pieces of evidence have been identified through the analysis of architectural typologies related to energy 
in the European Union, at both national and regional levels. Typological data and criteria are being used to develop 
informational materials and provide energy advice for buildings (Dascalaki et al., 2011a). Moreover, typical 
residential building typologies are also being employed as tools for modelling the energy efficiency of building 
portfolios to promote local or national energy-saving strategies (Ballarini et al., 2011a). The main purpose of 
building typology is to determine the best energy-efficiency techniques to implement in existing structures and 
quantify the potential energy savings and CO2 emission reductions associated with the implementation of energy 
refurbishment measures in the building stock at various scales (Fernandez-Luzuriaga et al., 2021). 

According to (Sugár et al., 2020), building typology also plays a crucial role in determining a building's energy 
consumption. For instance, the heating energy demand of a building depends on its architectural style, and typology 
can be used to calculate a building's heating energy requirement. The main objective of this research is to present 
a study through literature related to the connection between sustainable retrofitting and building typology. The 
process systematic search method for retrofit decision-making intends to provide thought-provoking insights into 
the shortcomings and outlines the most important directions for future research. 

3.2 Building retrofit assessment according to Environmental factors 

The influence of the surrounding environment on building heating energy consumption has been recognized as a 
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critical factor in addition to the physical condition of a building. While the latter factors have been extensively 
studied, (Song et al., 2020) highlights the importance of urban morphology and climatic conditions in determining 
the overall heating demand in buildings. There are various global environmental assessment schemes that evaluate 
the impact of projects on different factors related to sustainability (Del Rosario et al., 2021). This section tries to 
investigate and comprehend the environmental aspects that influence the energy efficiency of buildings. It 
highlights a requisite for additional research to advance more precise and comprehensive assessment frameworks 
that encompass the environmental sustainability of retrofitting strategies. 

3.2.1 Building retrofit assessment according to the climate conditions 

The classification of buildings varies depending on the climate condition of the region and retrofitting strategies 
must be tailored to specific climate conditions and building types to ensure their effectiveness (Boardman, 2007). 
The primary aim of building typology is to create structures that are responsive to their environment while 
maximizing the use of resources available (Kirkegaard & Foged, 2011) (Tompkins & Adger, 2003). Retrofitting 
strategies towards energy-efficient buildings in specific climate conditions may have a common target; however, 
they differ in their strategies. Numerous studies conducted in various locations highlight retrofitting 
solutions tailored to their specific climate conditions, which might not be applicable to other regions.  

The decision-making process for retrofitting buildings can be significantly impacted by the availability of 
retrofitting alternatives that are specially created for various climate zones (Liu et al., 2022). To increase the 
adoption of energy-efficient retrofitting solutions and reduce greenhouse gas emissions, it is advised to develop 
and promote options tailored to local climatic conditions, while considering the typology of the building. By 
adopting climate-specific retrofitting strategies, energy efficiency can be significantly improved by taking into 
consideration the unique weather conditions of a region. 

3.2.2 Building retrofit assessment according to the surrounding environment 

Besides climate factors, there are other environmental factors that are essential for reducing greenhouse gas 
emissions and improving energy efficiency in cities (Bouw et al., 2021). For instance, the architect must consider 
solar and daylight availability to optimize solar energy production and minimize environmental impact in design. 
By integrating sustainable and passive design solutions with active solar energy systems, cities can reduce their 
reliance on non-renewable energy sources and promote a more environmentally sustainable future (Webb et al., 
2016). Many energy models have been developed recently, but they tend to neglect the importance of phenomena 
that occur at the urban scale, such as the effect of urban geometry on energy consumption (Mirzabeigi & Razkenari, 
2022).  

In conclusion, the surrounding environment and building design that considers solar and daylight availability are 
crucial factors in reducing greenhouse gas emissions and improving energy efficiency in buildings. While various 
energy models have been developed, they often neglect the impact of the surrounding environment on energy 
consumption. Therefore, it is important to consider factors such as building height, the density of the building in 
urban design, shape factors and etc, to optimize energy usage and minimize environmental impact. By integrating 
sustainable and passive design solutions with active solar energy systems, buildings can reduce their reliance on 
non-renewable energy sources and promote a more environmentally sustainable future. Overall, these findings 
emphasize the need for integrated approaches to urban planning and building design that prioritize environmental 
sustainability and energy efficiency. 

4. DISCUSSION OF RESULTS  

In order to determine the limitations and contributions of building retrofit assessments with regard to building 
typology and environmental factors, a review of the relevant literature was conducted in this research. Th s 
research a ms to dent fy and evaluate the most relevant publ cat ons concern ng bu ld ng retrof tt ng assessments, 
w th a spec f c focus on the r respect ve key areas. The methodology nvolves the select on of 60 publ cat ons, 
followed by a thorough analys s of the r contents. In th s sect on, th s paper selects 27 publ cat ons that al gn 
closely w th ts goals and methodology, and delves nto the r assessment methods (see Table 1). In addition, this 
paper thoroughly assesses the selected publications, examining their typological and geometrical parameters as 
evaluated in these studies. Furthermore, it considers other parameters such as the exploration of different climate 
conditions, cost analysis, CO2 emissions, as performance metrics and various retrofitting alternatives. These 
factors are crucial to understanding the assessment of achieving low-energy retrofitting in residential buildings. 
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Table 1: Summarised Publications for Building Retrofit Assessment based on Focused Parameters 
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The f nd ngs nd cate that most of the publ cat ons propose retrof tt ng alternat ves as solut ons to mprove energy 
eff c ency and susta nab l ty n bu ld ngs. However, there rema ns a lack of understand ng regard ng var ous 
metr cs and calculat on methods for evaluat ng retrof tt ng solut ons, potent ally h nder ng the development of 
standard zed and read ly ava lable approaches. The stud es dent fy that no s ngle retrof tt ng solut on can address 
all challenges, wh le also ra s ng awareness about the mportance of adoptable retrof tt ng strateg es. 

As observed n Table 1, the major ty of the publ cat ons focus on mplement ng energy-sav ng techn ques based 
on spec f c cl mate cond t ons and personal zed retrof tt ng opt ons. Nevertheless, t s cruc al to recogn ze that 
certa n l m tat ons st ll requ re attent on and resolut on. L m tat ons n current l turature are outl ned below:  
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 Several studies have been conducted, particularly in the last decade, to assess the energy efficiency of 
dwellings and improve building retrofitting according to their typologies. Although, most have used the 
"Typology Approach for Building Stock Energy Assessment" TABULA report to provide methods for 
classifying housing typology in Europe. However, there is still a lack of comprehensive information 
regarding technical developments, building structures, building layouts, and their relations which could 
affect energy requirements in buildings.  

 TABULA report offers two levels of refurbishment for each typology, usual and advanced refurbishment. 
According to these refurbishment techniques, there is only one recommendation for each level but no 
elaboration on other refurbishment alternatives for each typology.  

 The physical characteristics of buildings are regularly and significantly altered over time, changing not 
only the parameters of urban areas but also their physical characteristics and compositions. Therefore, 
there is a need to develop and amend adoptable retrofitting solutions based on building typologies. 

 The energy-efficient building design methods have limitations when applied in regions with diverse 
climate characteristics. The method may not account for microclimatic conditions, extreme weather 
conditions or changes in building usage or occupancy patterns. It may not be suitable for regions with 
different building types or sizes and may require extensive data collection and processing. 

 Numerous methods and tools have been created globally for assessing the energy efficiency of buildings. 
However, each of these methods and tools is different in its own way, and there is no consensus on how 
to score or weigh them. Furthermore, there is a shortage of building environmental assessment methods 
for retrofitting stages and approaches for determining carbon emissions and benchmarking are not 
consistent.  

5. FUTURE STUDY DESIGN 

In order to address the l m tat ons observed n current l turature and develop more effect ve energy-eff c ent 
bu ld ng retrof tt ng, a comprehens ve approach s proposed for future stud es.  

 To address the lack of comprehension regarding the intricate connections among building layouts, 
technical progress, and energy demands, an in-depth building classification can be undertaken. Th s 
enta ls not only categor z ng bu ld ng typolog es but also delv ng nto the deta ls of the r structural 
compos t ons, arch tectural des gns, and evolv ng technolog cal aspects. 

 Expanding on the predefined retrofitting solutions, a future study could focus on developing retrofitting 
alternatives tailored to various building typologies. This could involve an in-depth exploration of 
alternative refurbishment techniques precisely suited to specific building typologies. By considering an 
array of innovative materials, construction methods, and emerging technologies, researchers could 
propose retrofitting strategies that cater to the unique characteristics of each typology while also 
optimizing energy efficiency and sustainability. This approach would provide a richer set of retrofitting 
solutions for architects, designers, and stakeholders to choose from, ensuring a more adaptable and 
effective retrofitting process that aligns with diverse building needs and environmental contexts. 

 To propose an adapt ve retrof tt ng solut on framework that al gns cohesively w th d verse bu ld ng 
typolog es and could respond to the r evolv ng phys cal features or env ronmental contexts. By 
ncorporat ng advanced assessment methodolog es, respons ve strateg es, and a un f ed assessment 

framework, the proposed adapt ve retrof tt ng solut ons aim to enhance the long-term performance and 
env ronmental compat b l ty of bu ld ngs.  

6. CONCLUSION  

Building retrofitting assessments have recently gained a lot of attention from researchers. Since 2019, the number 
of published works on this topic has increased significantly. The goal of this study is to thoroughly examine the 
available literature on the relationship between building typology and energy efficiency, with a particular emphasis 
on retrofitting. In addition, this study attempts to identify research gaps and plan a future study on the most 
effective energy-saving solutions for retrofitting various types of buildings while taking specific environmental 
and physical aspects into account. Based on the review of journal articles (n = 60) between 2011 and 2023, this 
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study summarized: (1) building retrofitting, (2) energy efficiency improvement, and (3) building typology. The 
main findings of this study include the following: the current body of existing literature on building retrofits has 
primarily focused on classifying building typologies and tailoring retrofitting solutions accordingly. However, 
there is a significant gap in knowledge regarding technical advancements, building structures, environmental 
factors, and their relationship, as well as alternative strategies for executing standard or deep retrofitting and 
accurately predicting energy savings. The energy-efficient building design method based on climatic zoning has 
limitations when applied to diverse climates and building types/sizes, which necessitates the development of a 
comprehensive methodology and tool for transferring knowledge to support adoptable energy-efficient building 
retrofits. Addressing these deficiencies is crucial for developing responsive and adaptable solutions that are tailored 
to the unique characteristics of each building rather than relying on a generic approach. It would also facilitate 
designers and policymakers with relevant information on energy-efficient building retrofits to make informed 
decisions. 

REFERENCES  

Aksamija, A. (2015). Regenerative Design of Existing Buildings for Net-Zero Energy Use. Procedia Engineering, 
118, 72–80. https://doi.org/10.1016/j.proeng.2015.08.405 

Alabid, J., Bennadji, A., & Seddiki, M. (2022). A review on the energy retrofit policies and improvements of the 
UK existing buildings, challenges and benefits. In Renewable and Sustainable Energy Reviews (Vol. 159). 
Elsevier Ltd. https://doi.org/10.1016/j.rser.2022.112161 

Alavirad, S., Mohammadi, S., Hoes, P. J., Xu, L., & Hensen, J. L. M. (2022). Future-Proof Energy-Retrofit 
strategy for an existing Dutch neighbourhood. Energy and Buildings, 260. 
https://doi.org/10.1016/j.enbuild.2022.111914 

Ballarini, I., Corgnati, S. P., Corrado, V., & Talà, N. (2011b). DEFINITION OF BUILDING TYPOLOGIES FOR 
ENERGY INVESTIGATIONS ON RESIDENTIAL SECTOR BY TABULA IEE-PROJECT: APPLICATION TO 
ITALIAN CASE STUDIES. https://api.semanticscholar.org/CorpusID:110911694 

Ballarini, I., Corrado, V., Madonna, F., Paduos, S., & Ravasio, F. (2017). Energy refurbishment of the Italian 
residential building stock: energy and cost analysis through the application of the building typology. Energy Policy, 
105, 148–160. https://doi.org/10.1016/j.enpol.2017.02.026 

Beagon, P., Boland, F., & Saffari, M. (2020). Closing the gap between simulation and measured energy use in 
home archetypes. Energy and Buildings, 224. https://doi.org/10.1016/j.enbuild.2020.110244 

Becchio, C. ,Corgnati, S. P. ,Ballarini, I. ,& C. V. (2012). Energy saving potential. REHVA. 

Bennadji, A., Seddiki, M., Alabid, J., Laing, R., & Gray, D. (2022). Predicting Energy Savings of the UK Housing 
Stock under a Step-by-Step Energy Retrofit Scenario towards Net-Zero. Energies, 15(9). 
https://doi.org/10.3390/en15093082 

Boardman, B. (2007). Examining the carbon agenda via the 40% House scenario. Building Research and 
Information, 35(4), 363–378. https://doi.org/10.1080/09613210701238276 

Bouw, K., Noorman, K. J., Wiekens, C. J., & Faaij, A. (2021). Local energy planning in the built environment: 
An analysis of model characteristics. In Renewable and Sustainable Energy Reviews (Vol. 144). Elsevier Ltd. 
https://doi.org/10.1016/j.rser.2021.111030 

Carletti, C., Sciurpi, F., & Pierangioli, L. (2014). The energy upgrading of existing buildings: Window and shading 
device typologies for energy efficiency refurbishment. Sustainability (Switzerland), 6(8), 5354–5377. 
https://doi.org/10.3390/su6085354 

Coma, J., Maldonado, J. M., de Gracia, A., Gimbernat, T., Botargues, T., & Cabeza, L. F. (2019). Comparative 
analysis of energy demand and CO2 emissions on different typologies of residential buildings in Europe. Energies, 
12(12). https://doi.org/10.3390/en12122436 

CONVR2023

[1102]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

1102 

CONVR 2023. PROCEEDINGS OF THE 23RD INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY



 

 

Dascalaki, E. G., Droutsa, K. G., Balaras, C. A., & Kontoyiannidis, S. (2011a). Building typologies as a tool for 
assessing the energy performance of residential buildings - A case study for the Hellenic building stock. Energy 
and Buildings, 43(12), 3400–3409. https://doi.org/10.1016/j.enbuild.2011.09.002 

Del Rosario, P., Palumbo, E., & Traverso, M. (2021). Environmental product declarations as data source for the 
environmental assessment of buildings in the context of level(S) and dgnb: How feasible is their adoption? 
Sustainability (Switzerland), 13(11). https://doi.org/10.3390/su13116143 

Fernandez-Luzuriaga, J., del Portillo-Valdes, L., & Flores-Abascal, I. (2021). Identification of cost-optimal levels 
for energy refurbishment of a residential building stock under different scenarios: Application at the urban scale. 
Energy and Buildings, 240. https://doi.org/10.1016/j.enbuild.2021.110880 

Ignjatović, D., Zeković, B., Ignjatović, N. Ć., Ðukanović, L., Radivojević, A., & Rajčić, A. (2021). Methodology 
for residential building stock refurbishment planning—development of local building typologies. Sustainability 
(Switzerland), 13(8). https://doi.org/10.3390/su13084262 

Kadrić, D., Aganovic, A., Kadrić, E., Delalić-Gurda, B., & Jackson, S. (2022). Applying the response surface 
methodology to predict the energy retrofit performance of the TABULA residential building stock. Journal of 
Building Engineering, 105307. https://doi.org/10.1016/j.jobe.2022.105307 

Kadrić, D., Aganovic, A., Martinović, S., Delalić, N., & Delalić-Gurda, B. (2022). Cost-related analysis of 
implementing energy-efficient retrofit measures in the residential building sector of a middle-income country – A 
case study of Bosnia and Herzegovina. Energy and Buildings, 257. https://doi.org/10.1016/j.enbuild.2021.111765 

Kirkegaard, P. H., & Foged, I. W. (2011). Development and Evaluation of a Responsive Building Envelope. 
https://api.semanticscholar.org/CorpusID:55988160} 

Kragh, J., & Wittchen, K. B. (2014). Development of two Danish building typologies for residential buildings. 
Energy and Buildings, 68(PARTA), 79–86. https://doi.org/10.1016/j.enbuild.2013.04.028 

Kristensen, M. H., & Petersen, S. (2021). District heating energy efficiency of Danish building typologies. Energy 
and Buildings, 231. https://doi.org/10.1016/j.enbuild.2020.110602 

Lee, J., McCuskey Shepley, M., & Choi, J. (2019). Exploring the effects of a building retrofit to improve energy 
performance and sustainability: A case study of Korean public buildings. Journal of Building Engineering, 25. 
https://doi.org/10.1016/j.jobe.2019.100822 

Li, Q., Zhang, L., Zhang, L., & Wu, X. (2021). Optimizing energy efficiency and thermal comfort in building 
green retrofit. Energy, 237. https://doi.org/10.1016/j.energy.2021.121509 

Li, Y., Kubicki, S., Guerriero, A., & Rezgui, Y. (2019). Review of building energy performance certification 
schemes towards future improvement. Renewable and Sustainable Energy Reviews, 113. 
https://doi.org/10.1016/j.rser.2019.109244 

Liu, T., Ma, G., & Wang, D. (2022). Pathways to Successful Building Green Retrofit Projects: Causality Analysis 
of Factors Affecting Decision Making. Energy and Buildings, 112486. 
https://doi.org/10.1016/j.enbuild.2022.112486 

Loga, T., Stein, B., & Diefenbach, N. (2016). TABULA building typologies in 20 European countries—Making 
energy-related features of residential building stocks comparable. Energy and Buildings, 132, 4–12. 
https://doi.org/10.1016/j.enbuild.2016.06.094 

Marasco, D. E., & Kontokosta, C. E. (2016). Applications of machine learning methods to identifying and 
predicting building retrofit opportunities. Energy and Buildings, 128, 431–441. 
https://doi.org/10.1016/j.enbuild.2016.06.092 

Merlet, Y., Rouchier, S., Jay, A., Cellier, N., & Woloszyn, M. (2022). Integration of phasing on multi-objective 
optimization of building stock energy retrofit. Energy and Buildings, 257. 

CONVR2023

[1103]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

1103 

section D - environmental sustainability



 

https://doi.org/10.1016/j.enbuild.2021.111776 

Mirzabeigi, S., & Razkenari, M. (2022). Design optimization of urban typologies: A framework for evaluating 
building energy performance and outdoor thermal comfort. Sustainable Cities and Society, 76. 
https://doi.org/10.1016/j.scs.2021.103515 

Ortiz, M., Itard, L., & Bluyssen, P. M. (2020). Indoor environmental quality related risk factors with energy-
efficient retrofitting of housing: A literature review. Energy and Buildings, 221. 
https://doi.org/10.1016/j.enbuild.2020.110102 

Pungercar, V., Zhan, Q., Xiao, Y., Musso, F., Dinkel, A., & Pflug, T. (2021). A new retrofitting strategy for the 
improvement of indoor environment quality and energy efficiency in residential buildings in temperate climate 
using prefabricated elements. Energy and Buildings, 241. https://doi.org/10.1016/j.enbuild.2021.110951 

Re Cecconi, F., Khodabakhshian, A., & Rampini, L. (2022). Data-driven decision support system for building 
stocks energy retrofit policy. Journal of Building Engineering, 54. https://doi.org/10.1016/j.jobe.2022.104633 

Salehi, A., Torres, I., & Ramos, A. (2015). Computing the thermal energy performance of building by virtue of 
building dimensional typology. Energy Procedia, 78, 1063–1068. https://doi.org/10.1016/j.egypro.2015.11.029 

Song, S., Leng, H., Xu, H., Guo, R., & Zhao, Y. (2020). Impact of urban morphology and climate on heating 
energy consumption of buildings in severe cold regions. International Journal of Environmental Research and 
Public Health, 17(22), 1–25. https://doi.org/10.3390/ijerph17228354 

Sugár, V., Talamon, A., Horkai, A., & Kita, M. (2020). Energy saving retrofit in a heritage district: The case of the 
Budapest. Journal of Building Engineering, 27. https://doi.org/10.1016/j.jobe.2019.100982 

Tompkins, E. L., & Adger, W. N. (2003). Building resilience to climate change through adaptive management of 
natural resources. http://eprints.soton.ac.uk/id/eprint/203987 

Wang, Y., Qu, K., Chen, X., Gan, G., & Riffat, S. (2022). An innovative retrofit Motivation-Objective-Criteria 
(MOC) approach integrating homeowners’ engagement to unlocking low-energy retrofit in residential buildings. 
Energy and Buildings, 259. https://doi.org/10.1016/j.enbuild.2022.111834 

Webb, J., Hawkey, D., & Tingey, M. (2016). Governing cities for sustainable energy: The UK case. Cities, 54, 
28–35. https://doi.org/10.1016/j.cities.2015.10.014 

Xiong, J., Yao, R., Grimmond, S., Zhang, Q., & Li, B. (2019). A hierarchical climatic zoning method for energy 
efficient building design applied in the region with diverse climate characteristics. Energy and Buildings, 186, 
355–367. https://doi.org/10.1016/j.enbuild.2019.01.005 

Yazdi Bahri, S., Alier Forment, M., & Sanchez Riera, A. (2021). Thermal comfort improvement by applying 
parametric design panel as a second skin on the facade in building refurbishment in moderate climate. ACM 
International Conference Proceeding Series, 763–767. https://doi.org/10.1145/3486011.3486535 

  

CONVR2023

[1104]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

1104 

CONVR 2023. PROCEEDINGS OF THE 23RD INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY


	title page
	copyright page
	Table of contents
	Conference Committee
	Organizing Institutions
	Foreword
	Daniel Napps, Markus König, Investigation of the Acceptance of Virtual Reality for Planning Decisions in Early Design Phases
	Christoph Blut, Tristan Kinnen, Jörg Blankenbach, Dirk Heidermann, Felix Schellong, Building Inspector XR: Streamlining Scan-to-BIM with Virtual and Mixed Reality  
	Corentin Coupry, Paul Richard, David Bigaud, Sylvain Noblecourt, David Baudry, The Value of Extended Reality Techniques to Improve Remote Collaborative Maintenance Operations: A User Study  
	Mario Wolf, Jochen Teizer, Creation and Acceptance of Low-Threshold Mobile Training on Sustainability in Construction  
	Mohamed Assaf, Rafik Lemouchi, Mohamed Al-Hussein, Xinming Li, A Collaborative Planning Model for Offsite Construction Based on Virtual Reality and Game Engines  
	Anthony Yusuf, Abiola Akanmu, Adedeji Afolabi, Homero Murzi, Prediction of Cognitive Load during Industry-Academia Collaboration via a Web Platform  
	Shahin Sateei, Mattias Roupe, Mikael Johansson, Transitioning from 2D to VR in Design Review – Resistance to Engagement  
	Mikael Johansson, Mattias Roupé, Mikael Viklund Tallgren, Collaborative Site Layout Planning Using Multi-Touch Table and Immersive VR  
	Eleonora D’Ascenzi, Vito Getuli, Irene Fiesoli, Application of Smart Technologies for Assessing Users’ Well-Being for Immersive Design Strategies: A State-of-the-Art Review  
	Girish Srivatsa Rentala, Yimin Zhu, Investigating the Ability of Immersive Virtual Environments to Facilitate Occupant Thermal State Data Collection Involving Face Masks  
	Leonardo Messi, Francesco Spegni, Massimo Vaccarini, Alessandra Corneli, Leonardo Binni, Seamless Indoor/Outdoor Marker-Less Augmented Reality Registration Supporting Facility Management Operations  
	Xiang Yuan, Qipei Mei, Xinming Li, Integrating Real-Time Object Detection into an AR-Driven Task Assistance Prototype: An Approach Towards Reducing Specific Motions in Therbligs Theory  
	Naotaka Sumida, Taira Ozaki, Satoshi Kubota, Dan Hiroshige, Yoshihiro Yasumuro, Visualization of Weather-Aware Ambient Heat Risks 
With Global Illumination in Game Engine  
	Ivan Mutis, Marina Oberemok, Nishanth Purushotham, Improving Sense-Making for Construction Planning Tasks Using Visual and Haptic Stimuli in Virtual Reality Environments  
	Kilian Speiser, Kepeng Hong, Jochen Teizer, Enhancing the Realism of Virtual Construction Safety Training: Integration of Real-Time Location Systems for Real-World Hazard Simulations  
	Roghieh Eskandari, Ali Motamedi, Visibility Enhancement of Crane Operators Using BIM-Based Diminished Reality  
	Khalid Amin, Grant Mills, Duncan Wilson, Karim Farghaly, Adapting BIM-Based AR Positioning Techniques to the Construction Site  
	Rafik Lemouchi, Mohamed Assaf, Mohamed Al-Hussein, Khaoula Boutouhami, Ahmed Bouferguene, Safety Training for Rigging Using Virtual Reality  
	Alessandra Corneli, Berardo Naticchia, Massimo Vaccarini, Alessandro Carbonari, Francesco Spegni, Application of Diminished Reality for Construction Site Safety Management  
	Monica Meocci, Alessandro Terrosi, Andrea Paliotto, Francesca La Torre, Irene Infante, Driving Simulator for Road Safety Design: A Comparison Between Virtual Reality Tests and In-Field Tests  
	Fadi Castronovo, Seyedreza Razavialavi, Abdullahi Abdulrahman, Mohammed Rayan Saiba, Pablo Martinez Rodriguez, Assessing Impacts of Immersive Virtual Reality-Based Design Reviews on Learners’ Self-Efficacy  
	Xuanchang Liu, Ivan Mutis, Cognitive Dynamics for Construction Management Learning Tasks in Mixed Reality Environments  
	Anthony Yusuf, Adedeji Afolabi, Abiola Akanmu, Johnson Olayiwola, Evaluation of Computer Vision-Aided Multimedia Learning in Construction Engineering Education  
	Marco Bragadin, Caterina Morganti, Pier Carlo Ricci, Emlyn Witt, Kalle Kähkönen, Puolitaival Taija, BIM-Based Open Learning Resources Repository for the Benedict Project  
	Aso Hajirasouli, Vito Getuli, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Towards a Digital Era in AEC Higher Education: Combining Theory and Technology to Develop and Deliver Architectural Master Classes  
	Caolan Plumb, Farzad Rahimian, Diptangshu Pandit, Hannah Thomas, Nigel Clark, A Framework for Realistic Virtual Representation for Immersive Training Environments.  
	Vito Getuli, Valentina Fornasari, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Evaluation of Immersive VR Experiences for Safety Training of Construction Workers: A Semi-Qualitative Approach Proposal  
	Nana Akua Adu-Amankwa, Farzad Rahimian, Nashwan Dawood, Enhancing Collaboration with Blockchain-Enabled Digital Twins: Perspectives from Stakeholders in the Built Environment  
	Xuling Ye, Xingyu Tao, Jack C. P. Cheng, Markus König, Blockchain-BPMN Integrated Framework for Construction Management  
	Xingyu Tao, Xingbo Gong, Moumita Das, Yuqing Xu, Hao Liu, Jack Cp Cheng, Chengliang Zheng, Fast and Secure BIM Design Using Blockchain: An Example of Makeshift Hospital Project for COVID-19 Treatment in Hong Kong  
	Xingbo Gong, Xingyu Tao, Moumita Das, Helen H.L. Kwok, Jack C.P. Cheng, Integrating ESG Factors into Construction Projects: A Blockchain-Based Data Management Approach  
	Moumita Das, Xingyu Tao, Yuxing Xu, Jack C. P. Cheng, A Blockchain-Based Secure Submission Management Framework for Design and Construction Phases  
	Lingming Kong, Rui Zhao, Fan Xue, Zero-Knowledge Proof for Trusted Construction Management: A Preliminary Study of Adaptive Blockchain BIM Identity Authentication  
	Oluwatoyin Lawal, Nawari Nawari, Leveraging Smart Contracts in Building Information Modeling (BIM) for Unified Project Execution: A Theoretical Framework.  
	Mehrtash Soltani, Dohyeong Kim, Akeem Pedro, Jaehun Yang, Si Tran, Doyeop Lee, Chansik Park, iSafeIncentive: Transforming Construction Safety Culture through Blockchain Incentives  
	Franck Romuald Fotso Mtope, Sina Joneidy, Diptangshu Pandit, Farzad Rahimian, Multi-Aspectual Knowledge Elicitation for Procurement Optimization in a Warehouse Company  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, A Systematic Literature Review to Identify a Methodological Approach for Use in the Modelling and Forecasting of Capital Expenditure of Hyperscale Data Centres  
	Zhe Chen, Zhengting Guo, Fan Xue, A Value Stream Mapping Approach to the Identification of Lean Management Opportunities for Off-Site Construction Production: A Case of Reinforced Concrete Slabs  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, Bayes Theory as a Methodological Approach to Assess the Impact of Location Variables of Hyperscale Data Centres: Testing a Concept  
	Giuseppe Martino Di Giuda, Elisa Cacciaguerra, Francesco Paleari, Marco Schievano, Stefano Campi, Alessandro Tucci, University Asset Digitalization Guidelines: The Pilot Case of Politecnico di Milano Real Estate  
	Giuseppe Martino Di Giuda, Daniele Accardo, Paola Gasbarri, Silvia Meschini, Lavinia Chiara Tagliabue, Laura Scomparin, BIM-GIS and BI Integration for Facility and Occupancy Management of University Assets: The UNITO Pilot Case  
	Mattia Mangia, Carla Di Biccari, Mattias Roupé, Towards a Framework for Railway Network Assets Management Based on BIM/GIS Integration  
	Paola Federici, Daniela Julea, Sara Comai, Kavita Raj, Silvia Mastrolembo Ventura, Giuseppe Rigamonti, Giorgio Paolo Maria Vassena, Angelo Luigi Camillo Ciribini, Integration Between Enterprise Resource Planning and Building Information Modelling  
	Vincenzo Donato, Andrea Bongini, Marco Sparacino, Development of an Automated Workflow in the Field of Fire Prevention Using Building Information Modeling  
	Panos Karaiskos, Tulio Sulbaran, Data-Driven Construction and Operating Cost Decision Support Through Techno-Economic Analysis: Residential Case Study  
	Syed Haseeb Ahmad, Melissa Chan, Wei Yang, Hongyu Jin, Amirhossein Heravi, Building Information Modelling (BIM) for Construction Supply Chain: A Scientometric Analysis  
	Eleanor Hayden, Melissa Chan, David van Kan, Victor Arowoiya, Mohd. Amizan Mohamed, E-Procurement in the Australian Construction Industry: Benefits, Barriers, and Adoption  
	Bartu Kologlu, Deniz Artan, A Preliminary Investigation of Knowledge Management Tools for the Construction Sector  
	Suhyung Jang, Ghang Lee, Improving BIM Authoring Process Reproducibility with Enhanced BIM Logging  
	Nazi Soltanmohammadlou, Sara Rashidian, Carol K. H Hon, Robin Drogemuller, Sara Omrani, Towards Construction Safety Management Maturity Model in the Industry 4.0 Era: A State-of-the-Art Review  
	Silvia Mastrolembo Ventura, Sara Comai, Francesca Noardo, Kavita Raj, Angelo L.C. Ciribini, Integrated GeBIM Requirements Definition for Digital Building Permit  
	Ailin Zerafat, Emmanuel Daniel, Louis Gyoh, A Systematic Review of the Impacts of Digitalization on Project Management  
	Tulio Sulbaran, Evaluating the Comprehension of Construction Schedules of an Artificial Intelligence  
	Xinqi Liu, Jihua Wang,  Ruopan Huang, Wei Pan, Multi-Robot Federated Edge Learning Framework for Efficient Coordination and Information Management in Smart Construction  
	Jochen Teizer, Kepeng Hong, Asger D. Larsen, Marcus B. Nilsen, Robotic Assembly and Reuse of Modular Elements in the Supply Chain of a Learning Factory for Construction and in the Context of Circular Economy  
	Efraim Ljung, Mikael Viklund Tallgren, Mattias Roupe, Mikael Johansson, Identifying and Developing Prerequisites for Takt Planning in a BIM-Based Construction Process  
	Pavan Kumar, Aritra Pal, Yun-Tsui Chang, Shang-Hsien Hsieh, FCM-Enabled Approach for Investigating Interdependencies of BIM Performance Factors in the Sustainable Built Environment  
	Xiao Han, Cheng-Hsuan Yang, Yuxiang Chen, Alejandra Hernandez Sanchez, A Robotic Method to Insert Batt Insulation into Light-Frame Wood Wall for Panel Prefabrications  
	Mehdi Keshtkar, Emmanuel Daniel, Louis Gyoh, The Impacts of Digital Fabrication on the Construction Industry: A Systematic Review  
	Keyur Joshi, Angelina Aziz, Philip Dietrich, Markus König, Efficient Data Curation Using Active Learning for a Video-Based Fire Detection  
	Dai Quoc Tran, Yuntae Jeon, Seongwoo Son, Minsoo Park, Seunghee Park, Identifying Hazards in Construction Sites Using Deep Learning-Based Multimodal with CCTV Data  
	Minsoo Park, Seungsoo Lee, Woonggyu Choi, Yuntae Jeon, Dai Quoc Tran, Seunghee Park, Deep Learning-Based Pose Estimation for Identifying Potential Fall Hazards of Construction Worker  
	Seungsoo Lee, Seongwoo Son, Pa Pa Win Aung, Minsoo Park, Seunghee Park, Deep Learning Based Pose Estimation of Scaffold Fall Accident Safety Monitoring  
	Peter Kok-Yiu Wong, Synge C. P. Lam, Isabel Y. N. Lee, Felix C. L. Ting, Jack C. P. Cheng, Pak Him Leung, Predictive Safety Monitoring for Lifting Operations with Vision-Based Crane-Worker Conflict Prediction  
	Tomu Muraoka, Satoshi Kubota, Yoshihiro Yasumuro, Localizing and Visualizing the Degree of People Crowding with an Omnidirectional Camera by Different Times  
	Syed Farhan Alam Zaidi, Rahat Hussain, Muhammad Sibtain Abbas, Jaehun Yang, Doyeop Lee, Chansik Park, iSafe Welding System: Computer Vision-Based Monitoring System for Safe Welding Work  
	Muhammad Sibtain Abbas, Aqsa Sabir, Nasrullah Khan, Syed Farhan Alam Zaidi, Rahat Hussain, Jaehun Yang, Chansik Park, Computer Vision-Based Monitoring Framework for Forklift Safety at Construction Site  
	Hakan Bayer, Benedikt Faltin, Markus König, Automated Extraction of Bridge Gradient from Drawings Using Deep Learning  
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Predicting Mental Workload of Using Exoskeletons for Construction Work: A Deep Learning Approach  
	Aqsa Sabir, Rahat Hussain, Syed Farhan Alam Zaidi, Akeem Pedro, Mehrtash Soltani, Dongmin Lee, Chansik Park, Utilizing 360-Degree Images for Synthetic Data Generation in Construction Scenarios  
	Ahmet Esat Keser, Onur Behzat Tokdemir, Machine Learning-Based Construction Planning and Forecasting Model  
	Sven Zentgraf, Sherief Ali, Markus König, Concept for Enriching NISO-STS Standards with Machine-Readable Requirements and Validation Rules  
	Ori Ashkenazi, Shabtai Isaac, Alberto Giretti, Alessandro Carbonari, Dilan Durmus, Transforming Building Industry Knowledge Management: A Study on the Role of Large Language Models in Fire Safety Planning  
	Zhengyi Chen, Changhao Song, Xiao Zhang, Jack Cheng, Scheduling Optimization of Electric Ready Mixed Concrete Vehicles Using an Improved Model-Based Reinforcement Learning  
	Yuan Zheng, Olli Seppänen, Sebastian Seiß, Jürgen Melzner, Testing ChatGPT-Aided SPARQL Generation for Semantic Construction Information Retrieval  
	Si Tran, Nasrullah Khan, Emmanuel Charles Kimito, Akeem Pedro, Mehrtash Sotani, Rahat Hussain, Taehan Yoo, Chansik Park, Extracting Information from Construction Safety Requirements Using Large Language Model  
	Cassia De Lian Cui, Antonio Fioravanti, Edoardo Currà, Davide Simeone, Stefano Cursi, Modelling and Managing Built Heritage Knowledge: An Ontology-Based Approach for Multi-Layered Archaeologies and Historical Production Process Representation  
	Maria Laura Leonardi, Stefano Cursi, Daniel V. Oliveira, Miguel Azenha, Elena Gigliarelli, Linked Data for the Categorization of Failures Mechanisms in Existing Unreinforced Masonry Buildings  
	Chanachok Chokwitthaya, Yimin Zhu, Weizhuo Lu, Virtual Human-Building Interaction Experimentation Ontology (VHBIEO): A VHBIEO-Based Metadata-Driven Exploration  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Maria Grazia Donatiello, Carlo Zanchetta, Consistency Verification Between Cost and Geometric Information Based on IFC: Application on Structural Elements  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Andrea Zamborlini, Carlo Zanchetta, Semantic Web Based Integration Between BIM Cost and Geometric Domains  
	Sebastian Seiß, Markus Boden, Jürgen Melzner, Yuan Zheng, Delval Thibaut, Rayan El Chamaa, Ontology-Based Construction Inspection Planning: A Case Study of Thermal Building Insulation  
	Chiara Gatto, Maryam Gholamzadehmir, Marta Zampogna, Claudio Mirarchi, Alberto Pavan, An Automated Framework for Ensuring Information Consistency in Price List Tendering Document  
	Karim Farghaly, Khalid Amin, Grant Mills, Duncan Wilson, Enhancing Interactions in Augmented Reality for Construction Sites: Introducing the Archi Ontology  
	Roy Lan, Tulio Sulbaran, A Review of Computer Vision-Based Progress Monitoring for Effective Decision Making  
	Apostolia Gounaridou, Evangelia Pantraki, Vasileios Dimitriadis, Athanasios Tsakiris, Dimosthenis Ioannidis, Dimitrios Tzovaras, Semi-Automated Visual Quality Control Inspection During Construction or Renovation of Railways Using Deep Learning Techniques 
	Benedikt Faltin, Damaris Gann, Markus König, A Comparative Study of Deep Learning Models for Symbol Detection in Technical Drawings  
	Haritha Jayasinghe, Ioannis Brilakis, Topological Relationship Modelling for Industrial Facility Digitisation Using Graph Neural Networks  
	Mingkai Li, Peter Kok-Yiu Wong, Cong Huang, Jack Chin-Pang Cheng, Indoor Trajectory Reconstruction Using Building Information Modeling and Graph Neural Networks  
	Marco Lorenzo Trani, Federica Madaschi, Image Segmentation Applied to Urban Surface and Aerial Constraints Analysis  
	Youngjin Yoo, Hyun Jeong, Youngchae Kim, Seung Hyun Cha and Jin-Kook Lee, Generative Design Intuition from the Fine-Tuned Models of Named Architects’ Style  
	Hayoung Jo, Sumin Chae, Su Hyung Choi, Jin-Kook Lee, Planning Alternative Building Façade Designs Using Image Generative AI and Local Identity  
	Fangli Hou, Jun Ma, Jack Cheng, Helen Kwok, Early Detection and Reconstruction of Abnormal Data Using Hybrid VAE-LSTM Framework  
	Sumin Chae, Hayoung Jo, Bomin Kim, Jin-Kook Lee, Reflecting Users’ Physical Characteristics in Spatial Visualization  
	Hyun Jeong, Youngchae Kim, Youngjin Yoo, Seunghyun Cha, Jin-kook Lee, Gen AI and Interior Design Representation: Applying Design Styles Using Fine-Tuned Models  
	Bomin Kim, Sumin Chae, Youngjin Yoo, Jin-Kook Lee, Early Visualization Approach to the Generative Architectural Simulation Using Light Analysis Images  
	Liu Yang, Boyu Wang, Jack C.P. Cheng, Peipei Liu, Hoon Sohn, Real-Time Geometry Assessment Using Laser Line Scanner During Laser Powder Directed Energy Deposition Additive Manufacturing of SS316L Component with Sharp Feature  
	Youngsun Chung, Daeyoung Gil, Ghang Lee, Optimal Number of Cue Objects for Photo-Based Indoor Localization  
	Stefano Cascone, Integrating Green Roofs into Building Information Modeling (BIM): A Computational Approach for Sustainable Building Design  
	Milad Katebi, Mani Poshdar, Mostafa Babaeian Jelodar, Morteza Zihayat, Enhancing Disaster Resilience Studies: Leveraging Linked Data and Natural Language Processing for Consistent Open-Ended Interviews  
	Gregorius A. Sentosa, Agung Fajarwanto, Amy R. Widyastuti, Achmad Luthfi Naufal, Ni Putu Pande Dhea, Abdul Rahman Kadir, Muhammad Yunus Amar, Engineering Analysis Impact on Carbon Emission Reduction of an Infrastructure Project: A Case Study of Semantok D
	Carlo Zanchetta, Martina Giorio, Maria Grazia Donatiello, Federico Rossi, Rossana Paparella, Solar Potential and Energy Assessment Data in U-BEM Models: Interoperability Analysis Between Performance Simulation Tools and OpenBIM/GIS Platforms  
	Aya Ali Shihata, Mohamed Anwar Fekry, Wessam Hamdy Abbas, Implementation of Building Information Modeling (BIM) for Economic Sustainable Construction Minimizing Material Waste in Terms of Value Engineering  
	Aritra Pal, Yun-Tsui Chang, Chien-Wen Chen, Chen-Hung Wu, Pavan Kumar, Shang-Hsien Hsieh, Building Rooftop Analysis for Solar Panel Installation Through Point Cloud Classification - A Case Study of National Taiwan University  
	Yikun Yang, Yiqun Pan, Georg Suter, Semi-Automatic Workflow for Air-Conditioning System Zoning and Simulation  
	Dragana Nikolic, Ian Ewart, Going Beyond Energy Consumption: Digital Twins for Achieving Socio-Ecological Sustainability in the Built Environment  
	Nnaemeka Nwankwo, Ezekiel Chinyio, Emmanuel Daniel, Louis Gyoh, Application of the Internet of Things (IoT) for Energy Efficiency in Buildings: A Bibliometric Review.  
	Jiajia Wang, Geoffrey Qiping Shen, Fan Xue, Carbon Tracking in the Building Sector: A ‘CABBAGE’ Framework  
	Elena Imani, Huda Dawood, Nashwan Dawood, Annalisa Occhipinti, Retrofitting of Buildings to Improve Energy Efficiency: A Comprehensive Systematic Literature Review and Future Research Directions  
	Carlo Biagini, Alberto Aglietti, Andrea Bongini, A BIM-Based Approach to the Management of Historic Bridges  
	Nobuyoshi Yabuki, Tomohiro Fukuda, Ryu Izutsu, As-Built Detection of Structures by the Segmentation of Three-Dimensional Models and Point Cloud Data  
	Stefano Tagliatti, Marco Alvise Bragadin, Fire Safety Engineering: The Computational Simulation of the Escape in a Historic Building in Bologna  
	Shirin Malihi, Frederic Bosche, Martin Bueno Esposito, Quantifying the Confidence in Models Outputted by Scan-To-BIM Processes  
	Nao Hidaka, Naofumi Hashimoto, Tetsuya Nonaka, Makoto Obata, Kazuya Magoshi, Ei Watanabe, Construction of a Practical Finite Element Model from Point Cloud Data for an Existing Steel Truss Bridge  
	Carlo Biagini, Alberto Aglietti, Luca Marzi, Andrea Bongini, A BIM-Based Framework for Facility Management Data Integration in Heritage Assets  
	Wafa Bounaouara, Louis Rivest, Antoine Tahan, Combining Large-Scale 3D Metrology and Mixed Reality for Assembly Quality Control in Modular Construction  
	Cecilia Maria Roberta Luschi, Alessandra Vezzi, Building’s Twin Reconstruction  
	Alessandro Bruttini, Philipp Hagedorn, Felix Cleve, Vito Getuli, Pietro Capone, Markus König, A Semantic Digital Twin Prototype for Workplace Performance Assessment  
	Modupe Sobowale, Faris Elghaish, Tara Brooks, A Systematic Review of Digital Twin as a Predictive Maintenance Approach for Existing Buildings in the UK  
	Rizky Agung Saputra, Agung Fajarwanto, Amy Rachmadhani Widyastuti, Sari Gita Wardani, Danang Aris Munandar, Herdy Setiawan, Abdul Rahman Kadir and Amar Muhammad Yunus Amar, Project Management Information System (PMIS) Dashboard as a Digital Twin to Enhanc
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Human-in-the-Loop Digital Twin Framework for Assessing Ergonomic Implications of Exoskeletons  
	Alessandra Corneli, Marianna Rotilio, Urban Centres Management: A Digital Twin Approach  
	Chady Elias, Raja Issa, Digital Twins for Smart Decision Making in Asset Management

