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Abstract 

 
Even the green concept precisely addresses the environmental unfriendliness in the construction industry, its 
adaptation still has barriers and issues. Green buildings have often involved the implementation of different success 
factors by construction professionals such as designers, project managers, contractors and quantity surveyors in order 
to overcome the difficulties and to ensure success in the delivery of green buildings. For instance, integration in the 
project delivery process enables the project participants to interact seamlessly to achieve better sustainable outcomes. 
Greater communication among project participants, particularly through multiple communication means contribute to 
success in the delivery of green buildings. It is found that various techniques of Artificial Intelligence have effectively 
contributed to the modernising of the construction industry through more reliable, automated, self-modifying, time-
saving, and cost-effective process in construction management. Hence, this paper intends to bring in literature 
synthesis addressing applicability of Artificial Intelligence techniques to enhance green construction through 
overcoming the barriers and issues in communication within green construction. Ultimately a conceptual framework 
is developed to understand the applicability of the AI in communication in green construction.  
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Introduction 
Even though the world is leading towards great achievements all the time in terms of physical development and 
facilitating the quality of life, it is questionable whether all kinds of living creatures are protected in this state of 
environment (Hossain and Ng 2019). The depletion of Ozon layer, ascending of global warming day by day, 
deforestation and adverse climatic changes have become huge environmental tragedies (Hussin et al. 2013). 
Construction industry performs a vital role in the global economy that contributes to the global GDP by 13% (Hossain 
and Ng 2019). Hence, it is becoming increasingly difficult to ignore the output of such a wide-spread industry 
throughout the world. Typically, it satisfies the need of building and infrastructure development to facilitate the 
necessities of human beings (Enshassi et al. 2014). Unfortunately, construction industry does not only play an 
important role in the global economy, but it also generates adverse consequences towards social and environmental 
aspects (Hussin et.al 2013).  The construction activities influence the environment substantially across a wide range 
of off-site and on-site activities (Shen and Tam 2002). Accordingly, the construction activities negatively influence 
on environment through the mining of environmental resources such as fossil fuels and minerals; the growth in the 
use of generic resources such as soil, water, air and energy; the production of waste requiring land use for disposal; 
and contamination of the natural ecosystem with noise, odours, dust, vibrations, chemical and particulate pollutants, 
and solids (Shen and Tam 2002). In global scale, the construction industry is responsible for 40 per cent of energy 
consumption, 30 per cent of CO2 emissions and 40 per cent of total solid production waste (CRI 2014). The adverse 
impact created by the construction industry on the environment has been discussed and researched to suggest solutions 
to overcome (Hussin et.al 2013). The concept of green has directly addressed the environmental unfriendliness of the 
construction industry (Glavinich 2008). A green building can be identified as a building that in its design, construction, 
operation, maintenance, renovation and demolition minimise or eliminates adverse impacts, and can form and 
maximise positive impacts, on the climate and natural environment (Zuo and Zhao 2014).  
 
According to Schwab (2017), the Industrial Revolution 4.0 changes the human life, their working procedure and the 
relationship. In recent decades, a rapid development of digital technology and the growth of big data can be identified 
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in the construction industry (Pan and Zhang 2021). Specifically, the implementation of Artificial Intelligence (AI) has 
acquired huge awareness, which attempts to furnish machines with human-like intelligent (Chen et al. 2008). AI is a 
section of science which manages assisting machines with discovering answers for complex issues in a more human-
like design (Xiang et al. 2021). In general, AI entails taking aspects of human intelligence and applying them as 
algorithms in a computer-friendly manner (Chen et al. 2008). Simulated intelligence processes have had a huge impact 
on the development industry, resulting in a more dependable, automated, self-adjusting, efficient, and clever approach 
to development across the board. Various AI-related techniques can eventually reach key functions in automation, risk 
mitigation, high efficiency, digitalization, and computer vision. As a result, there is a lot of interest in using a variety 
of AI techniques in the construction industry to take advantage of the great opportunity of digital development for 
improved performance and profitability (Pan and Zhang 2021). 
 
Even the green concept precisely addresses the environmental unfriendliness in the construction industry, still its 
adaptation has barriers and issues. A construction is not an outcome of a sole person but is executed by a number of 
different stakeholders (Jingxiao et al. 2019; Sarkis et al. 2012). Different success factors of each stakeholder are to be 
often incorporated to ensure a successful green construction (Jingxiao et al. 2019). Greater communication among 
project participants, particularly through multiple communication means contribute to success in the delivery of green 
buildings. Poor communication does have negative effects on green practice in each stage of a green project (Ying et 
al. 2012). The application of AI has been discussed in terms of the collaborative working environments (Pan and 
Zhang 2021). AI can create immense opportunities and lead in an ecosystem where virtual robots, voice assistants and 
robotic process automation (RPA). It will serve in collaboration with humans to maintain effective communications 
and operations (Oesterreich and Teuteberg 2016). When it comes to sustainability, Vinuesa et al. (2020) highlighted 
that AI can be used to conserve the environment through its capability of analysing large scale interconnected database 
to develop cooperate actions. Few studies have explored the value of sub area of AI on the provisions such as green 
building management and green architecture (Elshafei and Negm 2017). Hence, this study will investigate whether or 
to what extent the AI techniques can be incorporated for an effective communication to execute successful green 
project. Although the construction industry is well placed to embrace these technologies for competitive and 
operational advantage, there is a lag in the diffusion of the technologies in the industry (Vinuesa et al. 2020). 
Accordingly, this study will inspire the adaptation of AI techniques in construction industry. Further, this study is 
narrowed down to review the applicability of AI techniques for effective communication in green building project. As 
there is a dearth of significant research carried out on application of AI techniques for green construction, this research 
intends to focus on that knowledge area. Hence, this paper intends to bring in literature synthesis addressing 
applicability of Artificial Intelligence techniques to enhance green construction through overcoming the barriers and 
issues in communication within green construction. Ultimately a conceptual framework is developed to understand 
the applicability of the AI in communication in green construction.  
 
Research Methodology 
Integrative literature review was adopted as the research approach which allows to create initial or preliminary 
conceptualizations and theoretical models for emerging research topics. Integrative literature review tries to bring 
together insights and perceptions from different research territory rather than studying all published articles on 
particular research topic (Snyder, 2019). Figure 1 depicted the research process adapted in this study. 
 

 
Figure 1. Research Process 

 
Since this research aimed at several research areas; communication, green construction and artificial intelligence, 
integrative review approach was selected as most preferable when desigining the review. Accordingly, the literature 
were studied through the journals and conference publications under the search term of “communication in green 
construction, communciation and artificial intelligence, green construciton, artificial intellegnce in construction 
industry” in the database of google scholar. The conducting review was done by first reading abstracts to select the 
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articles that were appropriate. The selected papers were reviewed in details to extract the apllicable information which 
in tun was analysed and used to write up the literture review. 
 
What is Green Construction? 
Green construction is the flagship in the construction industry which focuses on environmental tragedy (Ahn et al. 
2017). The concept of green within the business world emerged in the literature in 1980s and 1990s, having same 
background as the concepts that were adopted in businesses such as sustainability (Trandafilovic et al. 2017). Being 
green balances one base of sustainability as environmental health or economic vitality while sustainability focuses on 
three legs of its tripod as economic vitality, environmental health and social equity (Ernest et al. 2009). But being 
green has become a flagship of sustainable development because its accomplishment provides long term economic, 
environmental and social well-being (Ali and Nsairat, 2009). Green is a concept which amalgamates best 
environmental and business performances within an organisation, it as to be more sustainable, responsive to the 
society’s environmental concerns, effective, competitive and attentive to the customers (Darko et al. 2018). Green 
building uses resources in more efficient way compared to conventional building and it makes healthy and productive 
environment for occupants as ultimate output (Waidyasekara and Fernando 2012). The spreading of green construction 
is changing the way construction professionals design and execute a project (Ahn and Pearce 2007). The depletion of 
Ozon layer, ascending of global warming day by day, deforestation and adverse climatic changes have become huge 
environmental tragedies (Hussin, Rahaman, and Memon, 2013). Most of the human activities directly or indirectly 
cause to these adverse effects (Enshassi, Kochendoerfer, and Rizq, 2014). The concept of green building is one of 
main strategy which has been practice to address this issue particularly in construction industry (Hussin et al. 2013). 
 
Effective Communication as a Success Factor in Green Construction 
Communication is fundamentally the exchanging of information to pass on a message, and effective communication 
transmits the message in such a way that the intended recipients receive and understand it (Zulch 2014). Success of a 
construction project depends incredibly on effective communication (Olanrewaju et al. 2017). Teamwork and project 
collaboration will also benefit from good communication (Li et al. 2011). Misunderstandings, delays, and problems 
can emerge because of poor communication in construction project (Zulch 2014). Inferable from the more noteworthy 
spotlight on satisfying green goals in a construction project, it is difficult to accomplish such goals with ineffective 
and less communication among the stakeholders (Hwang et al. 2013). The ability of project team members to 
accomplish tasks together is critical to the achievement of high performance and productivity of the green construction 
project. Within a green construction, t ought to be successfully communicated about the cost, time and quality as three 
of the four foundation factors on which the accomplishment of a green development project depends, trailed by scope 
(Kibert 2016). Because of this, communication is a strategic consideration in green construction projects (Li et al. 
2011). Further, as green building construction required a more detailed design due to its complex technological 
characteristics, it required for greater efforts in communication and collaboration between project parties (Hwang et 
al. 2013).  
 
Integrated processes and approaches are incorporated in planning, designing and constructing for a successful green 
construction (Elforgani et al. 2006). There are many different stakeholders, including architects, engineers, 
contractors, construction managers, owners, building occupants, building operators, and government agents in green 
construction (Hammond et al. 2019). All of stakeholder are required to pay full commitment towards ensuring 
integrated design and construction processes for a successful green construction (Jingxiao et al. 2019). Developing an 
innovative and effective green building solutions through a greater communication is a prominent success factor in 
successful green construction throughout the process (Elforgani et al. 2006; Kibert 2016). According to Robichaud 
and Anantatmula (2011), there are four stages in green construction namely feasibility, design, implementation and 
close out as shown in Table 1. 
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Table 1. Stages in Green Construction Process 
Project Process Approach 

Stage 1 – Feasibility 
Project need 
assessment 

Need a definition for the project (Ogunmakinde et al. 2017) 

Project manager 
selection 

Hire a competent green building consultant/project manager (Ogunmakinde et al. 2017; 
Robichaud and Anantatmula 2011)  

Preliminary site 
analysis and plan 

Finalize economic and ecological goals, consider site characteristics and weigh building 
needs against ecological issues (Ogunmakinde et al. 2017; Robichaud and Anantatmula 
2011) 
A Green Certification checklist and documenting system is developed for the remaining 
portion of the feasibility stage (Agyekum et al. 2019) 

Design charrette Collaborative meeting with all key external stakeholders, including surrounding property 
owners and other community representatives which considers the functions namely design, 
architecture, building contractor, environmental engineer, real estate consultant, etc. 
(Valdes-Vasquez et al. 2014) 

Final site selection Select site based on stakeholder involvement including community input (Korchagina et 
al. 2013) 

Stage 2 – Design 
Initial budget and 
schedule 

Complete preconstruction estimates (Tsai et al. 2014) 
Estimate costs associated with specialized areas like green-building products (Tsai et al. 
2014) 
An emphasis on life cycle costing, shifting focus from short-term return on investment to 
long-term gains from operational savings (Robichaud and Anantatmula 2011) 

Zoning approval Site will be planned by following feedback from design charrette and the from local 
government planners and other regulatory (Robichaud and Anantatmula 2011) 

Design team selection Usually, the core design team has already been selected by this time.  
Construction 
document 
development 

Because the integrated team has participated in the planning and design process, 
construction documents can be developed more efficiently and with little design 
modifications 

Project bidding Construction owners and the consultants must obtain accurate cost information for bid 
selection (Tsai et al. 2014) 

Stage 3 - Implementation 
Contracting Integrated development requires a different kind of client/ architect and client/contractor 

contract (Jingxiao et al. 2019) 
Construction Implement sustainable construction practices (Hwang et al. 2013) 

Periodic education and training sessions on green building (Hasan and Zhang 2016; 
Wimala et al. 2016) 
Sustainable requirements are reviewed with each subcontractor prior to commencing work 
(Ahn et al. 2017)  

Inspections Necessary inspections and tests for attaining green goals by supervision team (Raouf and 
Al-Ghamdi, 2020) 

Green certification Following up and documentation of achievements of sustainability benchmarks prescribed 
in Green Certification (Agyekum et al. 2019) 

Stage 4 – Close Out 
Occupancy and 
operations 

Commissioning requirements for green building technologies (Agyekum et al. 2019) 

 
In feasibility stage, it is required a greater communication among the stakeholders to analyse the viability of the green 
construction project as depicted in Table 1. The design charrette creates and supports for a feasible action plan in green 
construction with all key participants. Incorporating a charrette at the beginning of a construction project is a solution 
to improve communication and exchanging ideas among a project’s stakeholder group (Robichaud and Anantatmula 
2011). Further, to select a competent project manager, the construction owners have to consider their experience and 
capabilities in executing green project (Jingxiao et al. 2019). Construction owners have to collect accurate cost 
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information to support bidding judgments in green construction as there are specified cost items such as carbon dioxide 
emission tax, green building materials, renewable energy sources etc. (Tsai et al. 2014). In the process of designing, 
implementation and also close out in green construction project, it it required to collect, store, analyse and interprete 
availble past data, real time data, relevant information from stakeholders and hindden data in construction site for a 
successful green project delivery (Robichaud and Anantatmula 2011). Accordingly, the green project may require 
particular and a more detailed communications analysis and plan to keep stakeholders informed throughout the project.  
 
Artificial Intelligence (AI) in Communication 
Expansion of digitisation and automation of the manufacturing environment together with a digital value chain to 
enable the communication between products and their environment and business stakeholders can be identified in 
Industry 4.0 (Gunkel 2012). The machines and software algorithms, capable of imitating human cognitive abilities 
will take over the human based content creation. This will lead to new way of generating, communicating and 
consuming data (Guzman and Lewis 2020). Nowadays, social networking platforms and personalized communication 
is getting more intelligent and advanced. In the near future, it is expected that the human emotions will be equally or 
will be contributed by machines (Jakesch, et al. 2019). Moreover, combined with virtual and augmented reality, self-
learning systems or intelligent systems will be used in mass communication and personal communication (Guzman 
and Lewis 2020). Wiesenberg, Zerfass, and Moreno (2017) found that the implementation of big data and automation 
which are the technologies linked to the AI bring unique opportunities for strategic communication. Furthermore, 
Zerfass et al. (2020) studied initial insights on the application of AI in communication management. Particularly, AI 
techniques have capabilities to support the construction companies to reduce complexity and uncertainty, to enhance 
information exchange and communication between project stakeholders and thus to increase productivity and quality 
(Guzman and Lewis, 2020). The use of Augmented Reality (AR) can be used in effective communication mechanism 
in the construction industry due to there are huge hidden data in construction sites. Further to that, cloud- and BIM-
based platforms or social media apps can efficiently improve collaboration and communication even across company 
borders as there is a number of stakeholders involved in each construction project (Oesterreich and Teuteberg, 2016). 
 
Artificial Intelligence in Construction Industry 
Artificial Intelligence is a branch of science which manages assisting machines which discover answers for complex 
issues in a more human-like way (Xiang et al. 2021). AI generally borrows the attributes from human intelligence and 
applies them as algorithms in a computer approachable way (Chen et al. 2008). AI techniques have created immense 
value in modernising the construction industry through more reliable, automated, self-modifying, time-saving, and 
cost-effective process in construction management (Pan and Zhang, 2021). The following AI applications have been 
studied for effective construction management. An early form of AI: Knowledge representation and reasoning adopt 
a symbolic representation of domain knowledge and pre-defined rules to build the knowledge-based system instead 
of complex algorithms or statistics (Abubakar et al. 2019). Therefore, computers can rationally interpret the available 
knowledge, facts, and beliefs from the real world, and then come up with a valid conclusion and facilitate logic rational 
decisions in a transparent and efficient manner (Chen et al. 2008). Another form of AI, information fusion can be 
performed to combine the extracted data from the construction site through sensors for better detection, inference, and 
characterization (Pan and Zhang, 2021). Further to that, the computer vision collects information through the 
equipment, like camera, unmanned aerial vehicles (UAVs), light detection and ranging (LiDAR) etc., and show non-
contact and remote solutions for project monitoring (Rawai et al., 2013). As another important subfield of AI, Natural 
language processing (NLP) explore, and interpret language-related data through human- like natural language 
comprehension with computers (Olsson and Rexmyr, 2017). A lot of valuable knowledge in free text data may be 
unexplored in traditional manual studying of them. Hence, NLP is progressively applied instead of the tiresome human 
supervision over reading larger volume of textual information (Pan and Zhang 2021). Further to the same author, since 
the construction industry is information-intensive, NLP has the potentials in information management in construction 
industry. Another technique comes under AI; intelligent optimization investigates the optimal solution comparing 
various solution (Kong and Ma 2020). Intelligent optimization has been extensively used in the construction and 
engineering management, since its simple implementation, efficient computational time, robustness, and capability in 
global optima selection (Pan and Zhang 2021). Process mining is a logical discipline for finding, checking, and 
improving processes as they really are by extracting information from event logs promptly accessible in the 
information systems. As a result, it can provide transparent and fact-based insights from real event logs for better 
process monitoring and control in construction project (Pan and Zhang 2021). Smart robotics which is another form 
of AI, have been evolving rapidly to drive a wide range of semi- or fully autonomous construction applications (Kim 
et al. 2015).  
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Another technique in AI, virtual reality (VR) and augmented reality (AR) performs as the information visualization 
technology to realize more interactions between the physical and cyber worlds, where VR simulates the entire situation 
and AR integrates the information about the real entities with computer-generated images. VR/AR has been applied 
to simulate hazardous construction scenarios, which helps managers to easily recognize underlying dangers and issues 
in the working environment and then formulate reasonable plans and measures ahead of accidents in a visual and 
interactive way (Pan and Zhang 2021; Rawai et al. 2013). According to Hossain and Nadeem (2019), Artificial 
Intelligence of things (AIoT) which is another technique in AI stream, can collect real-time data about the operational 
status of the project through interconnected physical devices, like sensors, drones, 3D laser scanner, wearable and 
mobile devices, radio frequency identification devices (RFID), which are attached to construction resources.  Further, 
the AI technique of digital twin which is a realization of the cyber-physical system for visualization, modelling, 
simulation, analysing, predicting, and optimizing can provide immediate solutions to guide the realistic process and 
make it adapt to the changeable environment in construction industry (Pan and Zhang 2021). Further to the same 
author, the emerging technology called 4D printing adds the fourth dimension from time into 3D printing, enabling 
the 3D printed objects to change their shape and behaviour over time in response to external inducements such as light 
and temperature etc.. Another nascent technology called blockchain is a powerful shared global infrastructure, which 
is originally utilized for simplifying and securing transactions among parties (Perera et al. 2020). Basically, the concept 
of blockchain can be explained as a verified chain with blocks of information, and each block embodies data associated 
with processes in a trusted environment. Therefore, the potential of blockchain in construction is significant since the 
blockchain builds a distributed ledger, all users of the network can access the stored digital information concurrently 
(Pan and Zhang 2021; Perera et al. 2020).  
 
Application of Artificial Intelligence for Effective Communication in Green Construction 
The findings through the comprehensive literature review for the areas mentioned in the objectives for the Artificial 
Intelligence in communication in green construction, are mapped together using a conceptual framework as presented 
in Figure 2. The framework can be applied to find out the relationship between Artificial Intelligence application on 
effective communication in green Construction. 
 
The conceptual framework in Figure 2 shows how application of Artificial Intelligence assists in effective 
communication in different stages in the green construction project. Good communication is important in green 
construction (International Labour Office, 2011). Misunderstandings, delays, and problems can arise because of poor 
communication. Effective communication improves the teamwork and project collaboration which are highly 
impactive to successful green construction (Kibert 2016). Apart from the huge investment on time and money in a 
conventional construction project, meeting green goals needs additional effort in green construction project. 
Prominently, in feasibility phase of a green construction the viability of the project and particularly attainability of 
green goals are analysed (Jingxiao et al. 2019). Further, as shown in Figure 2 even in design phase of a green 
construction, attainability of green goals through the available budget and design team should be analysed. Therefore, 
the goals in green construction should be compared with available project details and past details of such projects. 
Nevertheless, limited knowledge in green construction is one of the greater barriers in adaptation and implementation 
of green concept in construction industry (Abubakar et al. 2019). As such, due to the limited knowledge on green 
construction among project participants at initial stages, the relevant communication can be deteriorated. Therefore, 
optimising the use of the available knowledge is important in effective communication in these stages in green 
construction (Kibert 2016). In the application of AI, knowledge representation and reasoning rationally understand 
the available knowledge, facts, and beliefs from the real world, and then make use of them to draw valid conclusions 
and facilitate logic inference in a transparent and efficient manner (Pan and Zhang, 2021). In the process of green 
certification, the communicating the data from construction site is highly considered as the construction process has 
the immense negative impact on the environment (Robichaud and Anantatmula, 2011). Computer vision, cloud virtual 
and augmented reality and Artificial Intelligence of Things allow to capture the real time and hidden data of the 
construction site. Extraction, storing, analysing and interpreting the data from the real world, stakeholders and 
construction site is needed in effective communication in every stage in green construction (Rawai et al. 2013). Further 
to that, the application of AI does such data extraction, storing, analysis and interpretation (Pan and Zhang 2021; 
Perera et al. 2020). Accordingly, this conceptual framework depicts a bridge of AI application in effective 
communication in green construction as per the literature findings considering the global context. It is clear that the 
application of AI will facilitate an effective communication in green construction. 
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Conclusion 
The concept of green has penetrated into the construction industry mainly as the term of green building, to overcome 
the effects of its immense contribution in total energy consumption and greenhouse gas emission. There are different 
stakeholders involved in a building project through typical stages feasibility, design, implementation and close out. 
Therefore, there is a great need of communications which is systematic, understood by all stakeholders and 
intelligently applied. Nevertheless, the greater need of having an effective communication in green construction have 
been overlooked. The complexity of construction processes within the green construction projects necessitates the 
exchange of increasing amounts of data and information. 
 
Notwithstanding the obvious advent around Industry 4.0 and its benefits, there is still a dearth in research for the 
potential application of its technologies. Nevertheless, the application of AI provides the ability to communicate and 
exchange data and information easily, efficiently, effectively and accurately independent of time and place, thereby 
providing major benefits for the collaboration in green construction. This application of AI will facilitate an effective 
communication in the green construction which will eventually ensure the delivery of applicable and reliable 
information to enhance collaboration within the construction supply chain and with project stakeholders. Yet, the 
research findings were completely based on a thorough analysis of literature which leads a way forward to continue 
the study to explore the application of AI for effective communication in green construction in the actual scenario. 
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