
645

DOI: 10.5937/greenb26064K
Review paper

APPLICATION OF DIGITAL TECHNOLOGIES IN THE DEVELOPMENT
OF GREEN BUILDINGS: EXPERIENCES FROM SOUTH KOREA

Dragana Kerkez1, Svetlana Nešović2, Ivan Nešović3, Jovana Krstić4

Abstract

In the context of climate change and rapid urbanization, the construction sector plays a
crucial role in achieving sustainable development. This paper analyzes the role of BIM, IoT,
Digital Twins, and AI in green building development, with emphasis on South Korea. Using a
qualitative case study approach (Songdo, Sejong, Busan Eco Delta City), the findings show that
integrating these technologies optimizes energy performance and resource management.
Successful implementation requires institutional support, data standardization, and long-term
strategy. South Korea's experience offers valuable lessons for advancing sustainable
construction in Serbia.
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1. INTRODUCTION

Previous studies have demonstrated that smart technologies play a significant role
in achieving sustainable development goals through improved energy efficiency,
resource management, and enhanced resilience of urban systems [1, 2]. The Republic
of Korea, through the development of smart cities such as Sejong, Songdo, and Busan
Eco Delta City, has demonstrated the potential of integrating digital platforms, sensor
networks, and data analytics systems into sustainable urban development [3, 4].
However, urban sustainability depends not only on infrastructure and city-wide
systems but also on the performance of individual buildings that constitute the urban
environment. In this context, green buildings represent the fundamental functional
units of sustainable cities. Their importance is reflected in reducing energy
consumption, promoting the efficient use of natural resources, and minimizing carbon
dioxide emissions throughout the entire building life cycle [5, 6]. The development of
green buildings is increasingly linked to the digital transformation of the construction
sector. Technologies such as Building Information Modeling (BIM), the Internet of
Things (IoT), Digital Twins, and Artificial Intelligence (AI) enable the collection,
processing, and analysis of data during the design, construction, and operation phases
of buildings, generating significant environmental, economic, and operational benefits
[7, 8]. The aim of this paper is to analyze the application of BIM, IoT, Digital Twins, and
Artificial Intelligence in the development of green buildings, with particular emphasis
on the experiences of the Republic of Korea and the potential for their implementation
in the Republic of Serbia. Based on the research objective, the following research
questions were formulated:

1. How are BIM, the Internet of Things (IoT), Digital Twins, and Artificial
Intelligence (AI) applied in the development of green buildings in the Republic of Korea?

2. What are the key technological, regulatory, and institutional mechanisms that
support the integration of these technologies within the Korean context?

3. Which elements of the Korean model can be adapted and implemented in the
Republic of Serbia, considering its economic, institutional, and developmental
specificities?

The answers to these questions are derived through case study analysis and a
comprehensive literature review, as described in the following section.

2. MATERIALS ANDMETHODS

This study adopts a qualitative research strategy based on the integration of a case
study approach and a systematic literature review. Such a combined methodology
enables a deeper understanding of complex phenomenawithin their real-world context
while ensuring the theoretical grounding of the findings [8].

2.1. Case Study Selection

The case studies were selected through purposive sampling according to the
following criteria:
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 Representativeness – the selected projects are widely recognized in academic
literature and international reports as leading examples of smart city development in
South Korea.

 Diversity – the projects represent different stages and approaches to smart city
development, including Songdo as an early smart city concept, Sejong as a national
pilot project, and Busan Eco Delta City with a strong focus on climate resilience.

 Data availability – all selected cases are supported by official reports, peer-
reviewed publications, and documents published by international organizations.

Based on these criteria, the following case studies were analyzed: Songdo
International Business District, Sejong Smart City, and Busan Eco Delta Smart City.

2.2. Data collection and analysis process

Data collection involved a review of scientific publications indexed in Scopus, Web
of Science, and Google Scholar. In addition, official documents issued by the
Government of the Republic of Korea, the Ministry of Land, Infrastructure and
Transport, as well as reports published by theWorld Bank and theOECD, were analyzed.
Only publications published between 2010 and 2025, written in English or Korean, and
focused on the application of digital technologies in sustainable construction were
included in the analysis. The collected data were analyzed using thematic analysis. The
reviewed materials were coded according to predefined thematic categories, including
BIM applications, IoT applications, Digital Twin applications, Artificial Intelligence
applications, regulatory and institutional mechanisms, as well as barriers and
implementation challenges. Based on these thematic codes, conclusions were drawn
regarding the patterns of digital technology integration within South Korean green
building projects. To facilitate understanding of the research process, Figure 1 presents
a schematic overview of the methodological framework employed in this study. The
framework illustrates the sequential flow from case study selection through data
collection, thematic analysis, and synthesis of findings. This structured approach
ensures transparency and replicability of the research process.

Figure 1.Methodological framework: Case study selection→ Data collection (literature review +
official documents) → Thematic coding→ Cross-case analysis → Synthesis of findings

3. RESULTS AND DISCUSSION

3.1. Integration of Digital Technologies in Korean Green Building Projects

The analysis of the three case studies reveals distinct patterns in the application of
digital technologies for green building development in South Korea. Table 1 provides a
comparative overview of how BIM, IoT, Digital Twins, and AI are implemented across
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the selected projects, highlighting both common approaches and project-specific
characteristics.

The comparative analysis reveals that Songdo, as the earliest project, focused
primarily on foundational infrastructure and integrated systems, establishing a baseline
for subsequent developments [9]. Sejong represents a more advanced iteration, with
stronger emphasis on data integration and predictive analytics, while Busan
demonstrates the most sophisticated integration, particularly in the context of climate
resilience and adaptive management. This evolutionary pattern suggests a learning
trajectory in Korean smart city development, where each subsequent project builds
upon the technological and institutional lessons of its predecessors.

Table 1. Comparative Analysis of Digital Technology Applications in South Korean Green
Building Projects

Technology Songdo IBD Sejong Smart City Busan Eco Delta City
BIM Integrated BIM for

design and
construction
coordination; LEED
certification
support

National BIM standards
applied; energy
performance simulation for
all public buildings

BIMmodels
integrated with GIS
for flood risk
assessment and
climate resilience
planning

IoT Sensors Extensive sensor
networks for
energy
monitoring; smart
metering in all
commercial
buildings

Real-time monitoring of
indoor environmental
quality; smart water
management systems

Comprehensive
environmental
monitoring (water
quality, air quality,
temperature); AI-
integrated sensor
networks

Digital Twins City-scale digital
twin for
infrastructure
management

Building-level Digital Twins
for energy optimization;
urban-scale simulation
platform

Climate adaptation
Digital Twin; building
performance
simulation for
extreme weather
scenarios

Artificial
Intelligence

Predictive
maintenance for
building systems

AI-driven HVAC
optimization; predictive
energy demand forecasting

Machine learning for
flood prediction; AI-
optimized building
energy management

Source: Authors' compilation based on analysis of Songdo IBD [9, 10], Sejong Smart City [3, 11], and
Busan Eco Delta Smart City [4, 12]

3.2. Key Findings from Case Study Analysis

The analysis of the three case studies yields the following key findings:
Songdo International Business District: As one of the world's first large-scale smart

city projects, Songdo demonstrates the importance of integrating digital infrastructure
from the earliest planning stages. The project's building management systems
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continuously monitor energy consumption and environmental conditions, achieving
approximately 30% energy savings compared to conventional buildings [9]. However,
the project also illustrates challenges, including high initial costs and the need for
continuous system upgrades [13]. Sejong Smart City: Sejong represents a more
comprehensive approach, integrating national BIM standards and establishing a Digital
Twin platform for both urban and building-level management. The project has achieved
significant improvements in energy efficiency, with public buildings demonstrating 25-
35% reductions in energy consumption through AI-optimized HVAC systems [14]. The
national pilot status of Sejong has enabled systematic testing and validation of
innovative technologies. Busan Eco Delta Smart City: This project demonstrates the
most advanced integration of digital technologies for climate resilience. The
combination of AI-enhanced flood prediction models, real-time environmental
monitoring, and Digital Twin simulation capabilities enables proactive adaptation to
climate change impacts. The project's focus on water management and climate
resilience distinguishes it from the other two case studies [4, 15].

3.3. Enabling Factors and Barriers

The cross-case analysis identifies several key enabling factors for successful digital
technology integration in green building development. Strong government leadership
and strategic planning emerge as critical success factors, with South Korea's national
smart city strategy providing both funding and regulatory support [3]. Institutional
capacity building, including training programs for BIM and digital literacy, has also been
essential [16]. Furthermore, the establishment of data standards and interoperability
frameworks has facilitated integration across different systems and platforms [17].
However, several barriers persist. High initial investment costs remain a significant
challenge, particularly for smaller projects and retrofits. The complexity of integrating
multiple technologies and ensuring interoperability between different systems also
presents technical challenges [7]. Data privacy and security concerns, particularly
regarding IoT sensors and building-level monitoring, require careful attention [16].
Finally, the shortage of skilled professionals with expertise in both digital technologies
and sustainable construction continues to limit implementation capacity [18].

4. DIGITAL TECHNOLOGIES IN GREEN BUILDINGMANAGEMENT

4.1. BIM as the Foundation of Digital Transformation

In South Korea, BIM has become one of the key digital technologies supporting the
transition toward sustainable construction [13]. Since the implementation of the
national BIM roadmap, its application has become mandatory for many public
construction projects managed by the Public Procurement Service (PPS) and the
Ministry of Land, Infrastructure and Transport (MOLIT) [14]. BIM has been widely
adopted in large-scale projects, including administrative buildings, transport
infrastructure, hospitals and public housing developments. The integration of BIM with
energy simulation tools enables designers to evaluate alternative design solutions
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during the early planning stages, resulting in improved energy performance and
reduced embodied carbon [19]. In projects certified under the Korean Green Standard
for Energy and Environmental Design (G-SEED), BIM supports compliance with energy
efficiency requirements by facilitating daylight analysis, thermal simulations and life-
cycle assessment [20]. These applications have significantly reduced design conflicts,
shortened construction time and improved resource efficiency throughout the project
life cycle.

4.2. IoT Sensors and Real-Time Data Collection

South Korea has extensively deployed IoT-based monitoring systems in green
buildings and smart city districts such as Songdo International Business District, Sejong
Smart City and Busan Eco Delta City [16]. Thousands of sensors continuously collect
information on indoor environmental quality, occupancy, electricity consumption,
water use and HVAC performance [17]. These data are integrated into centralized
Building Management Systems (BMS), allowing real-time optimization of building
operation. Several demonstration projects have reported energy savings ranging from
approximately 15–30% through AI-supported HVAC optimization and occupancy-based
lighting control [20]. Continuous monitoring also improves predictive maintenance and
reduces operational costs whilemaintaining occupant comfort.

4.3. Artificial Intelligence and Digital Twins for Building Performance
Optimization

South Korea is among the leading countries in implementing Digital Twin technology
at both city and building scales [19, 21]. The national Digital Twin initiative, coordinated
by MOLIT, has established digital replicas of urban infrastructure to support planning,
maintenance and disaster management. At the building level, Digital Twins integrate
BIM models with real-time IoT data to monitor energy performance, HVAC operation
and indoor environmental quality [22]. In Songdo and Sejong smart cities, Digital Twin
platforms are connected with urban Data Hubs, enabling simulation of different
operational scenarios before implementation [22]. Artificial intelligence processes
historical and real-time datasets to predict energy demand, detect equipment
anomalies and optimize system performance. These technologies contribute to lower
operational energy consumption, reduced maintenance requirements and improved
carbonmanagement.

4.4. Net-Zero Energy Buildings (NZEB) as a Future Development Direction

One of the most significant trends in contemporary sustainable construction is the
development of Nearly Zero Energy Buildings (nZEBs) and Net-Zero Energy Buildings
(NZEBs). These buildings are designed to minimize energy consumption while meeting
their remaining energy demand through renewable energy sources. The
implementation of BIM, IoT, Digital Twins, and Artificial Intelligence is a key prerequisite
for the successful development of NZEBs. BIM enables energy performance simulations
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during the design phase, IoT sensors provide continuous operational monitoring, while
AI-based systems optimize energy consumption in real time [7, 11]. The development
of NZEBs is particularly important in the context of European and global climate
objectives, given that the building sector remains one of the largest consumers of
energy and contributors to greenhouse gas emissions [21]. Consequently, net-zero
buildings are expected to become one of the principal directions of sustainable
construction development in the coming decades.

5. SOUTH KOREA AS AN EXAMPLE OF INTEGRATING DIGITAL TECHNOLOGIES
AND GREEN BUILDINGS

The Republic of Korea is recognized as one of the global leaders in the
implementation of smart city concepts and the integration of digital technologies into
sustainable urban development. Through strategic government initiatives, substantial
investments in digital infrastructure, and long-term planning, South Korea has
developed several internationally recognized projects that combine smart city
principles with environmental sustainability objectives. The most prominent examples
include Songdo International Business District, Sejong Smart City, and Busan Eco Delta
Smart City. These projects demonstrate how advanced digital technologies can
contribute to the development of energy-efficient, resource-efficient, and
environmentally responsible buildings and urban environments.

5.1. Songdo International Business District

Songdo International Business District represents one of the world's first large-scale
smart city projects developed from the ground up. Beyond its smart city infrastructure,
Songdo has achieved significant green building outcomes. The district includes multiple
buildings certified under LEED and Korea's G-SEED certification system, with integrated
building management systems enabling energy savings of approximately 30%
compared to conventional buildings [23, 24]. The implementation of BIM throughout
the design and construction phases facilitated coordination among stakeholders and
enabled early-stage optimization of building energy performance. The district's
centralized systems, including automated waste collection and district heating and
cooling, demonstrate how building-level technologies can be integrated with urban-
scale infrastructure to achieve sustainability goals [24].

5.2. Sejong Smart City

Sejong Smart City represents South Korea's flagship national smart city project, with
particular emphasis on building-level innovation. The project mandates BIM for all
public buildings, with integrated energy performance simulation and optimization
throughout the design process [25, 26]. Public buildings in Sejong incorporate
renewable energy systems, smart HVAC technologies, and AI-driven energy
management, achieving 25-35% reductions in energy consumption. The Digital Twin
platform extends to individual buildings, enabling real-time performance monitoring
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and predictive maintenance. This building-level focus, combined with national BIM
standards and data integration frameworks, makes Sejong a comprehensive testbed for
green building technologies and practices [25].

5.3. Busan Eco Delta Smart City

Busan Eco Delta Smart City represents a new generation of smart city development
characterized by a strong emphasis on climate resilience and environmental
sustainability at the building level. The project integrates advanced water management
systems, renewable energy technologies, and extensive IoT sensor networks that
monitor building performance in real time [27, 28]. Buildings in Busan incorporate AI-
assisted HVAC optimization, predictive maintenance systems, and climate-responsive
design features. The Digital Twin platform enables building-level simulation of energy
performance under various climate scenarios, supporting proactive adaptation to
climate change. Through the integration of digital technologies and ecological principles
at both urban and building scales, Busan Eco Delta City demonstrates how smart cities
can contribute to both climate adaptation and sustainable development objectives [29].

6. IMPLICATIONS FOR SERBIA

The experiences of the Republic of Korea provide valuable insights for the future
development of sustainable construction and digital transformation within the Serbian
building sector. However, the direct transfer of Korean models is neither feasible nor
desirable due to differences in economic conditions, institutional capacities, regulatory
frameworks, and technological maturity. Instead, Serbia should focus on the gradual
adoption of digital technologies through pilot projects, capacity-building initiatives, and
the development of an appropriate regulatory environment. Particular attention should
be given to strengthening BIM competencies, promoting interoperability standards,
and establishing integrated digital platforms for building and infrastructure
management. Public buildings represent a particularly suitable starting point for
implementing innovative solutions. Schools, hospitals, administrative buildings, and
other publicly owned facilities could serve as demonstration projects for the application
of BIM, IoT technologies, Digital Twins, and Artificial Intelligence. Such projects would
contribute not only to improved energy efficiency but also to the development of local
expertise and institutional knowledge. Furthermore, stronger collaboration between
government institutions, industry stakeholders, universities, and research organizations
is essential for accelerating the adoption of digital technologies in the construction
sector. The establishment of national standards and long-term strategic frameworks
would provide additional support for sustainable digital transformation.
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7. CONCLUSION

Contemporary challenges related to sustainable development, climate change, and
increasing energy consumption require new approaches to the design, construction,
and management of buildings and urban environments. The analysis of South Korean
experiences confirms that the successful implementation of these technologies
depends not only on technological innovation but also on institutional support, data
standardization, long-term investment, and strategic planning. Projects such as Songdo
International Business District, Sejong Smart City, and Busan Eco Delta Smart City
illustrate how digital technologies can effectively connect the concepts of smart cities
and green buildings, creating a foundation for sustainable and energy-efficient urban
development. For Serbia, these experiences may serve as a valuable reference
framework, provided that their application is adapted to local economic, institutional,
and regulatory conditions. The gradual implementation of digital technologies,
accompanied by the development of professional competencies, interoperable data
platforms, and energy-efficient pilot projects, could significantly contribute to the
modernization and sustainability of the national construction sector. Future research
should focus on the quantitative assessment of energy savings and the economic
feasibility of applying these technologies under different operational conditions.
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