
Khatulistiwa Smart : Journal of Artificial Intelligence 

153 | Edison Hatoguan Manurung 

 
Khatulistiwa Smart : Journal of Artificial Intelligence 

Vol. 2 No. 1 (2025) : 153 – 161 

Available online at : https://journal.literasikhatulistiwa.org/index.php/smart 

 

Implementation Of Information Technology In Sustainable Building 

Construction Management 

 

Edison Hatoguan Manurung 1 , Tiodorus Situmorang 2 
1,2 Universitas Mpu Tantular 

edisonmanurung2010@gmail.com 1: teodorus.rude30@gmail.com 2 . 

 
Doi  

Submitted: 05 Dec 2025 Revision: 20 Dec 2025 Accepted: 25 Dec 2025 Published: 31 Dec 2025 

 

Abstract The construction industry accounts for approximately 36% of global energy 

consumption and 39% of energy-related carbon emissions, necessitating 

urgent sustainable transformation through digital technologies. This 

research aims to analyze and evaluate how information technology 

implementation can effectively support sustainable construction 

management by enhancing coordination, improving resource efficiency, 

reducing environmental impacts, and enabling data-driven decision-making 

throughout the building lifecycle. The study employs a systematic literature 

review approach with descriptive analysis, examining 45 peer-reviewed 

publications from academic databases including Scopus, Web of Science, and 

Google Scholar published between 2019 and 2025. Data analysis utilized 

qualitative content analysis techniques to identify recurring themes 

regarding IT applications in sustainable construction practices. The findings 

reveal four critical contributions: BIM technology reduces design errors by 

40-60% and construction waste by 15-20%; digital project management 

platforms achieve 12-18% time savings and 8-15% cost reductions; IT-

enabled sustainability assessment tools reduce operational energy 

consumption by 25-35%; and cloud-based collaborative platforms reduce 

coordination issues by 30-40%. This research demonstrates that integrated 

information technology systems serve as indispensable enablers of 

sustainable construction management, offering practical solutions to 

resource efficiency, environmental impact reduction, and project 

coordination challenges while maintaining economic viability. 
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The construction and infrastructure development sector plays a crucial role in 

supporting a nation's economic growth, contributing significantly to GDP and employment 

opportunities. However, the construction industry has simultaneously emerged as one of 

the largest contributors to energy consumption, natural resource depletion, and waste 

generation, accounting for approximately 36% of global energy use and 39% of energy-

related carbon emissions (United Nations Environment Programme, 2020). This paradox has 

intensified the urgency for sustainable transformation within the sector. Sustainable 

buildings, defined as structures designed, constructed, and operated with consideration for 

energy efficiency, environmentally friendly materials, and minimal environmental and 

social impacts, have become imperative in addressing climate change and resource scarcity 

challenges (Darko et al., 2017). The implementation of sustainable building practices requires 

effective, accurate, and integrated construction management systems capable of balancing 

economic viability with environmental stewardship and social responsibility (Hosseini et al., 

2018). 

The theoretical foundation of sustainable construction management integrates 

principles from green building theories, lifecycle assessment frameworks, and systems 

thinking approaches. Green building rating systems such as LEED (Leadership in Energy 

and Environmental Design), BREEAM (Building Research Establishment Environmental 

Assessment Method), and Green Building Council Indonesia's Greenship have established 

standardized criteria for evaluating building sustainability performance across multiple 

dimensions including site selection, water efficiency, energy optimization, materials 

selection, and indoor environmental quality (Seyis, 2019). Lifecycle assessment (LCA) theory 

emphasizes the importance of evaluating environmental impacts throughout all building 

phases from material extraction and manufacturing through construction, operation, 

maintenance, and eventual demolition or deconstruction (Bakker et al., 2020). Furthermore, 

the triple bottom line framework underscores the necessity of achieving simultaneous 

optimization across environmental, economic, and social dimensions, recognizing that true 

sustainability cannot be achieved through single-dimensional approaches (Goubran, 2019). 

Despite growing awareness and policy support for sustainable construction, 

significant implementation challenges persist in practice. The construction industry 

continues to face substantial barriers including fragmented project delivery processes, lack 

of interoperability among stakeholders, limited real-time information sharing, and 

inadequate coordination mechanisms (Onososen & Musonda, 2023). Traditional 

construction management approaches often rely on paper-based documentation, sequential 

workflows, and isolated decision-making processes that generate substantial rework, 

material waste, and energy inefficiency (Darko & Chan, 2018). The gap between das sollen 

(what should be) fully integrated, data-driven, collaborative sustainable construction 

management and das sein (what currently exists) fragmented, inefficient, and resource-

intensive conventional practices remains substantial. Research indicates that construction 

projects frequently experience cost overruns of 10-30%, schedule delays of 20-50%, and 

material waste rates of 15-30%, significantly undermining sustainability objectives (Nikmehr 

et al., 2021). This implementation gap is particularly pronounced in developing countries 
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where resource constraints, limited technical capacity, and institutional barriers compound 

the challenges of sustainable construction adoption (Saha et al., 2022). 

The advancement of information technology has created unprecedented opportunities 

for transforming construction management practices toward greater sustainability. Digital 

technologies including Building Information Modeling (BIM), Internet of Things (IoT) 

sensors, artificial intelligence (AI), cloud-based project management platforms, and data 

analytics have demonstrated substantial potential for enhancing coordination, reducing 

errors, optimizing resource utilization, and improving overall project efficiency (Charef et 

al., 2019). BIM technology enables multidimensional visualization, clash detection, quantity 

takeoff automation, and energy performance simulation, facilitating informed decision-

making throughout the building lifecycle (Olawumi & Chan, 2018). IoT-enabled smart 

construction systems provide real-time monitoring of energy consumption, material usage, 

equipment performance, and environmental conditions, enabling proactive management 

and waste reduction (Sawhney, A.; Riley, M.; Irizarry, 2020). Artificial intelligence and 

machine learning algorithms can optimize construction schedules, predict maintenance 

needs, and identify opportunities for resource conservation (Pan & Zhang, 2021). However, 

while individual technologies have been studied extensively, comprehensive research 

examining the integrated implementation of information technology systems specifically for 

sustainable construction management remains limited, particularly in understanding 

implementation strategies, success factors, and measurable sustainability outcomes 

(Maskuriy et al., 2019). 

Previous research has predominantly focused on either sustainability principles in 

construction or information technology applications in project management, with limited 

integration between these domains. Studies by Ahmed & Hossain (2020) and Baduge et al. 

(2022) examined BIM applications for green building design but focused primarily on the 

design phase without addressing construction execution and operational phases. Research 

by Forcael et al. (2020) and Tezel et al. (2020) explored digital technologies in construction 

management but did not specifically target sustainable building objectives or environmental 

performance metrics. Meanwhile, investigations by Elghaish et al. (2020) and Ghosh et al. 

(2022) addressed sustainability challenges in construction but provided limited analysis of 

technology-enabled solutions and implementation frameworks. This fragmented research 

landscape reveals a critical gap: the lack of comprehensive studies examining how integrated 

information technology systems can be strategically implemented to address specific 

challenges in sustainable construction management while delivering measurable 

environmental, economic, and social benefits. Furthermore, existing literature offers limited 

empirical evidence from case studies demonstrating successful technology integration for 

sustainable outcomes, particularly in contexts beyond developed Western economies (Darko 

et al., 2017). 

This research addresses these gaps by investigating the comprehensive 

implementation of information technology in supporting sustainable construction 

management, examining the integration of BIM, project management information systems, 

IoT sensors, and data analytics platforms. The novelty of this study lies in its holistic 

approach to analyzing technology implementation strategies specifically designed to 



Khatulistiwa Smart : Journal of Artificial Intelligence 

156 | Edison Hatoguan Manurung 

achieve sustainability objectives across the entire building lifecycle, from design and 

construction through operation and maintenance. Unlike previous studies that examined 

individual technologies in isolation, this research develops an integrated framework that 

demonstrates how multiple information technology systems can be synergistically deployed 

to overcome barriers to sustainable construction while generating measurable 

improvements in energy efficiency, material optimization, waste reduction, and lifecycle 

performance. By combining theoretical frameworks with empirical investigation, this study 

contributes original insights into technology selection criteria, implementation 

methodologies, stakeholder collaboration mechanisms, and performance measurement 

approaches that are essential for successful sustainable construction management in the 

digital era. 

The objective of this research is to analyze and evaluate how information technology 

implementation can effectively support sustainable construction management by enhancing 

coordination, improving resource efficiency, reducing environmental impacts, and enabling 

data-driven decision-making throughout the building lifecycle. Specifically, this study aims 

to identify critical success factors for technology integration in sustainable construction 

contexts, examine the relationship between specific information technology applications and 

measurable sustainability outcomes, and develop practical recommendations for 

construction professionals and policymakers seeking to leverage digital transformation for 

achieving sustainable building objectives. 

2. RESEARCH METHODS 

This study employs a systematic literature review approach with descriptive analysis 

to examine the role of information technology in sustainable construction management. The 

research is designed as qualitative research with a content analysis method, focusing on 

identifying patterns, themes, and relationships between IT implementation and 

sustainability outcomes in the construction sector. 

Data collection was conducted through systematic searches in academic databases 

including Scopus, Web of Science, and Google Scholar, targeting peer-reviewed journals and 

books published between 2019 and 2025. The search strategy utilized keywords such as 

"information technology," "sustainable construction," "construction management," "digital 

transformation," and "green building". Selection criteria included articles discussing IT 

applications in sustainable construction practices, environmental impact assessment, and 

digital tools for project management. The initial search yielded 150 publications, which were 

filtered through inclusion and exclusion criteria, resulting in 45 relevant sources for analysis 

(Darko et al., 2020). 

Data preparation involved systematic coding and categorization of selected literature 

based on thematic areas including Building Information Modeling (BIM), Internet of Things 

(IoT), artificial intelligence, cloud computing, and sustainability metrics. Each publication 

was reviewed to extract key findings regarding IT implementation strategies, benefits, 

challenges, and outcomes in sustainable construction projects. The analysis framework 

adapted from Tranfield et al. (2003) ensured systematic synthesis of evidence from diverse 

sources. 
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Data analysis utilized qualitative content analysis techniques to identify recurring 

themes and patterns across the literature (Sepasgozar et al., 2021). The analysis process 

involved thematic coding, where information was categorized into major themes such as 

resource optimization, waste reduction, energy efficiency, and project lifecycle management 

(Darko & Chan, 2017). Cross-case analysis was performed to compare findings across 

different geographic regions and project types, enabling comprehensive understanding of 

IT's role in promoting sustainable construction practices globally (Maskuriy et al., 2019). 

3. RESULTS 

The systematic literature review reveals that information technology implementation 

in construction management delivers significant contributions to sustainable construction 

practices across multiple dimensions. The analysis of 45 scholarly publications identified 

four primary benefits that demonstrate the transformative impact of IT integration in the 

construction sector. 

Enhanced Efficiency and Accuracy 

The adoption of Building Information Modeling (BIM) has revolutionized 

construction planning by enabling three-dimensional visualization and simulation of 

building projects. Research demonstrates that BIM implementation reduces design errors by 

40-60% through early clash detection and virtual prototyping before physical construction 

begins (Saka & Chan, 2019). This capability significantly minimizes material waste and 

rework costs, contributing to both economic efficiency and environmental sustainability. 

Furthermore, BIM-integrated projects show a 15-20% reduction in construction waste 

compared to traditional methods, as precise quantity takeoffs and material optimization 

algorithms enable accurate resource allocation (Akinade et al., 2020). The technology 

facilitates collaborative design reviews where stakeholders can identify and resolve conflicts 

in the virtual environment, thereby preventing costly on-site modifications. 

Cost and Time Management 

Digital project management systems have transformed how construction projects are 

monitored and controlled throughout their lifecycle. Cloud-based platforms equipped with 

real-time data analytics enable project managers to track progress, resource utilization, and 

budget expenditure instantaneously (Noteboom et al., 2020). Studies indicate that 

construction projects utilizing integrated project management software achieve 12-18%-time 

savings and 8-15% cost reductions compared to conventional management approaches 

(Sigalov & König, 2017). These systems provide automated alerts for schedule deviations 

and budget overruns, allowing immediate corrective actions. The integration of artificial 

intelligence and machine learning algorithms further enhances predictive capabilities, 

enabling proactive risk management by forecasting potential delays or cost escalations based 

on historical data patterns (Pan & Zhang, 2021). 

Sustainability Support 

Information technology serves as a critical enabler for environmental sustainability in 

construction by providing sophisticated tools for energy analysis, carbon footprint 

assessment, and lifecycle environmental impact evaluation. Advanced simulation software 

allows designers to model building energy performance under various climatic conditions 

and operational scenarios, optimizing designs for minimal energy consumption (Kamari et 
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al., 2020). Research demonstrates that IT-enabled sustainability assessments during design 

phases can reduce operational energy consumption by 25-35% over the building's lifetime 

(Röck et al., 2020). Additionally, IoT sensors deployed in construction sites monitor real-time 

resource consumption, waste generation, and emissions, providing data-driven insights for 

continuous improvement of sustainability practices. Digital platforms also facilitate circular 

economy principles by tracking material sources, enabling reuse and recycling strategies that 

minimize environmental impact (Charef et al., 2019). 

Data Integration and Coordination 

Cloud-based collaborative platforms have fundamentally improved coordination 

among project stakeholders by establishing centralized information repositories accessible 

to all parties involved. Common Data Environments (CDE) eliminate information silos and 

ensure that architects, engineers, contractors, and supervisors work with synchronized, up-

to-date project information (Çıdık et al., 2017). This integration reduces conflicts arising from 

miscommunication or outdated information, with studies reporting 30-40% reduction in 

coordination-related issues on projects utilizing collaborative platforms (Elshafey et al., 

2020). The transparency enabled by shared digital platforms strengthens accountability and 

facilitates evidence-based decision-making throughout project execution. Moreover, 

integrated data systems support long-term asset management by maintaining 

comprehensive digital records that inform maintenance, renovation, and eventual 

deconstruction decisions, thereby extending the value of IT investment beyond the 

construction phase. 

4. CONCLUSIONS 

This systematic literature review demonstrates that information technology plays a 

transformative role in advancing sustainable construction management practices. The 

integration of digital technologies, particularly Building Information Modeling (BIM), 

cloud-based project management systems, IoT sensors, and artificial intelligence, has 

fundamentally enhanced the construction industry's capacity to achieve sustainability 

objectives while maintaining economic viability. 

The findings reveal four critical contributions of IT to sustainable construction 

management. First, BIM technology significantly improves design accuracy and reduces 

material waste through early error detection and virtual prototyping. Second, digital project 

management platforms enable real-time monitoring and control, resulting in substantial 

time and cost savings. Third, IT-enabled sustainability assessment tools facilitate energy 

optimization and environmental impact reduction. Fourth, collaborative digital platforms 

enhance stakeholder coordination and minimize conflicts through centralized data 

management. 

The implications of these findings are substantial for construction industry 

practitioners and policymakers. Construction firms should prioritize digital infrastructure 

investment to achieve both sustainability targets and competitive advantage. Policymakers 

should develop regulatory frameworks and incentive mechanisms that encourage IT 

adoption, particularly for small and medium-sized enterprises facing adoption barriers. 

Despite the demonstrated benefits, several challenges warrant attention in future 

research. The digital divide between large corporations and smaller construction firms 
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requires investigation to develop accessible IT solutions. Additionally, research on 

integrating emerging technologies such as artificial intelligence, blockchain, and digital 

twins with existing workflows would provide valuable insights. Long-term environmental 

and social impacts of IT implementation throughout the entire building lifecycle also require 

comprehensive longitudinal studies. 

In conclusion, information technology serves as an indispensable enabler of 

sustainable construction management, offering practical solutions to resource efficiency, 

environmental impact reduction, and project coordination challenges. The continued 

evolution and strategic adoption of digital technologies will be critical to achieving the 

construction industry's sustainability objectives and contributing to broader environmental 

goals in the built environment sector. 
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