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Abstract: In 2020, South Korea implemented the Green New Deal, and in 2022, it officially proposed
the goal of achieving carbon neutrality by 2050. To effectively promote the development of green
buildings in South Korea, it is crucial to analyze their evolutionary trends and processes. Therefore,
the purpose of this study was to summarize and predict the development trajectory of green buildings
in South Korea by studying the research and development trends in this field. Accordingly, this
study used content analysis as a research method to analyze 89 research papers and their subject
words published from 2001 to 2023. Further in-depth analysis was conducted on five sub-dimensions:
technical, economic, legal, systemic, and the popularization and development of green buildings.
Since 2000, research has mainly focused on the improvement and development of evaluation index
systems and the exploration of energy-saving technologies. In terms of the research and development
of green building materials, there is a problem of slow development. In terms of green building
management, there is a lack of specific management methods or systematic research. Economic
aspects should be studied from the consumers’ perspective. Hence, opportunities and challenges
coexist and require joint efforts from the government, academia, enterprises, and other parties.

Keywords: green building; systematic review; green building trends; technical; economic; popularization
and development of green buildings; systemic; legal

1. Introduction

The development of green buildings has the potential to significantly reduce energy
consumption and carbon emissions, reduce environmental burdens, and improve the qual-
ity of residents’ lives. Since 2000, South Korea has made rapid progress in green building
research and development (R&D), and the Green Building Certification System was im-
plemented in 2002 [1], more than 20 years ago. After 2020, South Korea implemented the
Green New Deal for sustainable economic reform and growth. This initiative also served
as a recovery mechanism following the 2019 coronavirus disease (COVID-19) pandemic [2].
Furthermore, in 2022, the South Korean government formally proposed a commitment to
reduce greenhouse gas emissions by 40% by 2030 compared to 2018 and achieve carbon
neutrality by 2050 [3]. However, the widespread adoption of green buildings faces several
challenges, including their high initial costs, the need for complex technology and design,
and stringent maintenance requirements. As a result, it is critical to examine the evolu-
tionary trends and processes of green building R&D in South Korea over the last 20 years.
Such analyses not only help us understand how to overcome these challenges but also
provide a decision-making basis for policymakers, allowing them to evaluate and adjust
existing policies to effectively adapt to the needs of the time. In addition, it can provide
a wealth of educational materials for the educational sector, thereby helping to cultivate
future professionals in fields such as environmental protection, architectural design, and
urban planning. Furthermore, it can provide valuable reference values for other countries,
particularly developing countries.

The objective of this study is to summarize and forecast the green building develop-
ment trajectory in South Korea by examining the evolving trends within this field. This
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study analyzes research keywords published between 2001 and 2023 and discusses the
changes in green building trends in South Korea over different periods.

2. Research Scope and Methods

This study conducted a qualitative analysis of green building research in South Korea,
primarily through an in-depth examination of the literature. South Korea began research
on green buildings relatively late, tracing back to approximately 2000. During this period,
South Korea has gradually become aware of the urgency of environmental pollution
and energy conservation. This growing awareness has propelled the popularization and
development of green buildings. Thus, the period covered in this study starts in 2001 and
continues until 2023, the most recent year for which annual data collection is available.

To understand the changing trends in green buildings in South Korea, research papers
were collected by searching academic journals (Korea Citation Index level). The search
terms included “green buildings”, “eco-friendly buildings”, and “energy-efficient build-
ings”. The research papers on green buildings in South Korea used for the analysis were
selected using a two-round selection method. In the initial round, the titles, abstracts, and
keywords of all the preselected papers were examined to determine their alignment with
the criteria. In the second round, each paper from the first selection phase was comprehen-
sively analyzed to confirm its relevance to the research objectives. Finally, 89 studies were
included. Figure 1 illustrates the selection process for the papers to be investigated.
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3. Theoretical Background

Due to differences in cultural, political, social, and economic characteristics among
countries and climatic conditions, there is no consensus on the definition of green buildings.
Climatological factors, such as outdoor temperature and air humidity, have a significant
impact on a building’s energy consumption [4–6], complicating the definition of a unified
green building [7–9]. However, resource conservation and environmental protection, creat-
ing a comfortable and healthy living environment, along with promoting harmony among
people, buildings, and the natural environment are the three globally recognized elements
of green buildings. In addition, maximizing resource efficiency, providing comfortable
and healthy living spaces, and minimizing the impact of buildings on the surrounding
environment have been recognized [10].

The definition of green buildings proposed by the United States Environmental Pro-
tection Agency has gained widespread recognition in the international community. This
definition emphasizes that, from site selection, design, and construction to operation, main-
tenance, and even the renovation of a green building, priority should be given to the
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conservation of resources and environmental responsibility [10]. This comprehensive and
holistic definition reflects a profound understanding of the sustainability of green buildings.

Germany places a significant level of emphasis on heating owing to its unique ge-
ographical position. This has led to a reduction in energy consumption while ensuring
indoor warmth and good air quality as core objectives in the country’s development of
green buildings [11]. In 2013, Germany enacted the Energy Saving Act, which stipulates
that from 2019 onwards, all newly constructed public buildings must achieve near-zero
energy consumption standards [12].

The British definition of green buildings focuses on sustainability, environmental
friendliness, and energy efficiency. This includes using efficient energy systems, reducing
greenhouse gas emissions, applying renewable energy, and efficient management of water
resources, as well as working to improve indoor environmental quality [13].

South Korea’s definition of green buildings encompasses the entire life cycle, from
construction and occupancy to eventual demolition, with a strong emphasis on minimizing
environmental damage throughout this process [14]. This definition reflects South Korea’s
commitment to creating a comfortable living environment, conserving resources and pro-
tecting the natural environment with the aim of achieving broad sustainable development
goals. Furthermore, South Korea emphasizes the application of innovative technologies
such as the development of environmentally friendly materials, which are key components
of its green building strategy [15].

4. Green Building Changing Trends and Related Research Topics

Similar to our previous paper on green building research in China [16], we chose to
conduct in-depth research on the development of green buildings in South Korea at five-
year intervals and established an analytical framework to determine the sub-dimensions.
This will facilitate the next step in our comparative research between these two countries.
We analyzed 89 selected research papers published from 2001 to 2023 and categorized the
research literature subject words according to each research field. By objectively analyzing
the collected data, we identified eight major areas: the improvement and development
of the evaluation index system, economy-related energy-saving technology, relevant reg-
ulations, building renovations, building energy-saving management systems, building
energy-saving systems, and the popularization and development of green buildings. The
research results show that most studies have focused on the improvement and development
of evaluation index systems, economic-related energy-saving technologies, green building
energy-saving management systems, and the popularization and development of green
buildings. Table 1 lists the keywords used in these studies. Research fields that appeared
less frequently than others in different periods, such as changes in green building concept,
design concept, and design requirement, were classified into the “Other” column in Table 1.

Table 1. Main subject keywords of research papers by period (A is the improvement and development of
evaluation index system, B is energy-saving technology, C is economic-related, D is relevant regulation,
E is building renovation, F is building energy-saving management system, G is building energy saving
system, I is the popularization and development of green buildings, and H is the other).

Period No. Researchers A B C D E F G I H

2001–2005

1 Lee S. and John C. [1] O

2 Lee J. et al. [17] O

3 Song H. and Chung W. [18] O

4 Moon J. [19] O

5 Yoo H. and Lee Y. [20] O

6 Seo D. et al. [21] O

7 Lee J. et al. [22] O

8 Kim S. et al. [23] O

Subtotal 1 2 2 3
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Table 1. Cont.

Period No. Researchers A B C D E F G I H

2006–2010

1 Lee M. and Lee K. [24] O

2 Lee E. [25] O O

3 Ahn Y. [26] O

4 Lee B. and Kim K. [27] O

5 Yoon H. and Woo S. [28] O

6 Park S. and Kim K. [29] O

7 Lee A. [30] O

8 Hwang S. et al. [31] O

9 Jeong S. et al. [32] O

10 Song N. and Nam K. [33] O

11 Lee H. [34] O

12 Tae Y. [35] O

13 Ko D. and Kim H. [36] O

14 Park M. [37] O O

15 Kim S. et al. [38] O

16 Shon Y. et al. [39] O

17 Kil K. and Lee J. [40] O

Subtotal 1 5 3 1 2 2 3 2

2011–2015

1 Jang H. and Lee S. [41] O

2 Kim W. et al. [42] O

3 Cho S. and Kim Y. [43] O O

4 Shin S. et al. [44] O

5 Hyun E. and Kim Y. [45] O

6 Hyun E. and Kim Y. [46] O

7 Lee J. and Nam K. [47] O

8 Lee Y. [48] O

9 Choi Y. [49] O

10 Lee M. et al. [50] O

11 Jang H. and Lee S. [51] O

12 Kang B. and Yuh O. [52] O

13 Kang H. [53] O

14 Lee M. [54] O

15 Wang J. et al. [55] O

16 Mok S. et al. [56] O O

17 Kim W. et al. [57] O

18 Kim H. et al. [58] O

19 Kim D. [59] O

20 Kang Y. and Kim M. [60] O

21 Keun W. et al. [61] O

22 Park J. and Cho S. [62] O

23 Lee E. [63] O

24 Kim M. et al. [64] O O

25 Park K. and Ko J. [65] O O

26 Song C. and Kang H. [66] O

27 Shin E. et al. [67] O

28 Cho K. and Yeo I. [68] O

29 Kim R. and Tae S. [69] O

30 Kim S. and Yu K. [70] O

31 Hong T. et al. [71] O

32 Kim Y. et al. [72] O

Subtotal 14 5 5 3 1 1 2 5
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Table 1. Cont.

Period No. Researchers A B C D E F G I H

2016–2020

1 Kim M. and Yi J. [73] O O

2 Bae C. and Choi D. [74] O

3 Choi J. and Park C. [75] O

4 Hyun E. et al. [76] O O

5 Jung S. [77] O

6 Jeon B. and Kim B. [78] O

7 Jo H. et al. [79] O O

8 Kim H. and Park W. [80] O

9 Yang K. [81] O

10 Kim S. [82] O O

11 Kim M. and Kim H. [83] O

12 Park S. et al. [84] O

13 Kim C. et al. [85] O O

14 Kim S. et al. [86] O O

15 Ahn D. [87] O

16 Kim J. and Kim B. [88] O

17 Lee K. et al. [89] O O

18 Her S. et al. [90] O

19 Jang Y. [91] O

20 Cho S. and Lee J. [92] O

21 Min S. [93] O

Subtotal 9 5 4 1 3 4 2

After 2020

1 Myung I. and Yoon H. [94] O

2 Yun Y. and Seo S. [95] O

3 Lee A. et al. [96] O O

4 Jung E. [97] O O

5 Moon H. and Yun S. [98] O

6 Yu E. et al. [99] O O

7 Seo S. et al. [100] O O

8 Cha Y. and Park J. [101] O

9 Moon B. et al. [102] O O

10 Kwon H. [103] O

11 Lee Y. and Lee K. [104] O O

Subtotal 8 1 1 1 2 2 1 1

Total 33 18 13 5 7 11 7 9 5

4.1. The 2001–2005 Period
4.1.1. Changing Trends

To a certain extent, the development of green buildings in South Korea mainly relies
on the certification system launched by the government. Although the public has a high
awareness of environmental protection, their understanding and recognition of green
buildings remain low [22]. In 2002, the Korean government implemented the Green
Building Certification System [41], which reflects its understanding of the importance
of improving energy efficiency and building green buildings. Certification was initially
intended for new residential buildings and was extended to school buildings in 2005 [48].
During this period, research institutions and businesses began to focus on developing
energy-saving technologies, such as efficient insulation materials, energy-efficient windows,
and lighting systems, to reduce energy waste. During the same period, many green
building projects using roof greening, rainwater collection, and ecological landscape design
principles were implemented. Among them, the Cheonggyecheon restoration project in
Seoul, which was completed in 2005, not only highlighted the importance of green spaces
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but also marked an important step towards sustainable development in South Korea [105].
In addition, the establishment of the Korea Green Building Council has promoted the
development of green buildings, sustainable design and construction practices, training,
certification, and information sharing [106].

4.1.2. Research Trends

According to an analysis of research papers published between 2001 and 2005, South
Korea’s green building research at that time mainly focused on introducing the basic con-
cepts of green buildings and energy-saving technology. This research emphasizes the
adoption of green design elements suitable for Korean conditions and gradually expands
their scope of application. This includes layout strategies, external space development,
architectural forms, and the improvement of indoor environments [22]. Additionally, this
study emphasizes the importance of improving indoor environments and proposes sug-
gestions for improving existing evaluation standards, such as specifying the evaluation
standards and refining standards for building materials. In particular, targeted indoor
environment evaluation standards should be developed for special groups, such as older
adults and people with disabilities [17]. In terms of technology and management systems,
the development of green building material standards and the establishment of a database
containing environmental standards and construction requirements should promote ef-
ficient building material selection [18]. In addition, the development of green building
materials with excellent moisture absorption and removal properties has been proposed to
address the problem of high summer humidity [20].

This research also covers specific technological innovations, such as the development
of new materials that use the byproducts of thermal power plants (fly ash and bottom
ash mixtures) to replace mortar and new insulation panels [19,21]. Not only are these
materials environmentally friendly but they are also lightweight, high-strength, and have
good thermal insulation properties.

During this period, South Korea’s research and development of green buildings was in
its early stages, and many technologies and policies continued to improve and evolve. Hence,
the mature development of green buildings in South Korea gradually emerged after 2005.

4.2. The 2006–2010 Period
4.2.1. Changing Trends

From 2006 to 2010, South Korea’s development in the field of green buildings acceler-
ated significantly. As one of the first countries to incorporate green growth into its national
strategy, the Korean government announced low-carbon green growth as its national vision
in 2008 [107]. Moreover, the “Low Carbon Green Growth Act” was implemented in 2010,
thereby emphasizing the synergy between environmental management and economic
growth [41]. This strategy aims to shift the country’s growth model towards a quality
orientation by focusing on new energy, renewable energy, and green technologies. During
the same period, South Korea made four major adjustments to its Energy Consumption
Efficiency Rating Labeling System. In 2008, a color-coded efficiency grading system was
introduced, and cars were required to display ratings and CO2 emissions. In 2009, South
Korea became the first country to mandate that home appliances display this information.
By 2010, mandatory annual energy cost labeling was implemented to promote the selection
of energy-saving products [108]. In addition, South Korea has launched a number of green
building demonstration projects that not only demonstrate the practical application of
energy-saving and environmentally friendly technologies but also serve as demonstrations
for green building design and construction. In June 2009, the ING Building in Gangnam
District, Seoul, South Korea, obtained its first Leadership in Energy and Environmental
Design (LEED) certification [109]. In the same year, Samsung C&T’s “Green Tomorrow”
project obtained the LEED Platinum certification, becoming the first zero-energy building
in the country. Approximately 68 environmentally friendly technologies reduced energy
consumption by approximately 40%, and through alternative energy sources such as solar
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energy, wind power, and geothermal heating and cooling, the use of fossil energy can
eventually be completely eliminated [110]. Meanwhile, the research and application of
renewable energy technologies, such as solar panels and wind power, have also been
strengthened, and the technical and commercial feasibility of high-efficiency photovoltaic–
thermoelectric hybrid solar cells based on nanotechnology have been explored [111].

During the 2008 global financial crisis, the South Korean government invested most of
its fiscal stimulus funds in green growth projects, focusing on infrastructure and transporta-
tion. In 2009, South Korea planned to invest USD 85 billion in clean energy technology, aim-
ing to create more than one million jobs and promote the export of clean technology [112].
Furthermore, the government pledged to invest 2% of gross domestic product (GDP) in
green economic growth infrastructure by 2013. This includes establishing a nationwide
smart grid system by 2030, increasing the proportion of renewable energy to 11% of the
total energy supply, reducing greenhouse gas emissions by 30% by 2020, and constructing
one million green homes [113].

In July of 2010, South Korea revised its Green Building Certification System and
updated its specifications for new and renewable energy facilities [42].

4.2.2. Research Trends

According to research from 2006 to 2010, Korean green building research focused on
energy-saving technology, the economy, and the popularization and development of green
buildings. In terms of energy-saving technology, research has focused on thermal insulation
design and building envelopes, such as the development of multilayer reflective insulation
materials for double glazing and exterior wall metal panels to optimize building insulation
performance [24]. In terms of heating and cooling, research has focused on geothermal
system design evaluation and performance confirmation [25], as well as passive cooling
technology for LEED-certified buildings. This emphasizes that, in addition to the use of
traditional passive cooling technology, the use of high-performance shells and operable
windows should be promoted. Moreover, new technologies such as geothermal energy
should be introduced, and initiatives to educate users about passive cooling technologies
in buildings should be implemented [28]. Furthermore, the sound absorption properties of
building materials made from soil have been explored, considering the reduction in indoor
noise and the provision of a comfortable living environment [31].

Economic-related studies have found that green building rating systems have no sig-
nificant impact on apartment prices, indicating that there are issues with the effectiveness of
green building rating systems. The government should promote the green building market
by providing financial support, including incentive schemes such as tax exemptions [39].
Further, it is also emphasized that construction companies should implement marketing
strategies during the planning and design stages [40]. In terms of building renovations,
ensuring good economics is crucial to the sustainability of aging residential buildings [37].

In terms of the popularity and development of green buildings, researchers have
explored the development trends of green buildings in South Korea and put forward
special suggestions for different types of buildings. The suggestions are as follows: office
facilities should give priority to energy and indoor environmental quality; the key to
cultural facilities is the indoor environment and sustainable sites; residential buildings
should focus on indoor environmental quality; and educational facilities should consider
the indoor environment, materials, resources, and sustainable sites [29]. Furthermore,
in order to cope with the aging of South Korea, researchers explored how to integrate
green building concepts into housing designs suitable for older adults. These integrations
propose that, in addition to basic energy-saving and resource recycling measures, diversity
and designs specific to the needs of older adults should be considered to create a healthy
and comfortable living environment [33].

Moreover, specific green building certification standards should be developed for
specific buildings. For example, hospital buildings should pay attention to indoor air
quality, heat, light, and sound, as well as the healing environment of the patient center [34].



Sustainability 2024, 16, 1772 8 of 24

In terms of building energy-saving management systems, researchers have emphasized
the necessity of effective management based on the significant differences between actual
energy consumption and predictions in LEED Platinum-certified buildings [36].

Finally, this study points out that architectural design should focus on the nature of
environmental protection rather than solely relying on technology. This also suggests that
green building designs should be based on the needs of users, environmentally friendly
building forms, and space planning [26]. However, the Korean construction industry
should consider establishing a comprehensive linkage system, including professional
education based on the certification system, improvement of the operational efficiency of
the certification system, and social education for the public, to promote the comprehensive
development of green buildings [30].

During this period, research and development not only improved the energy efficiency
and environmental performance of the Korean building industry but also advanced South
Korea’s global leadership in green buildings. Through these efforts, South Korea has set an
important benchmark for the development of green buildings and laid the foundation for
subsequent development in the field of green buildings.

4.3. The 2011–2015 Period
4.3.1. Changing Trends

South Korea made significant progress in the field of green buildings from 2011
to 2015. During this period, South Korea strengthened its green building certification
system and implemented a comprehensive green building law in February 2013. The law
integrated many previous relevant regulations, and the certification system was renamed
the Green Standard for Energy and Environmental Design (G-SEED) in September to
comply with the government’s environmental policies [58]. The scope of certification has
also expanded to include many types of buildings, such as apartments, offices, complexes,
accommodation facilities, and schools [55]. Research on green building materials continues
to evolve, with South Korean research institutions and companies increasingly focusing on
the development and application of eco-friendly and sustainable building materials. These
materials include recycled, low-emission, and natural materials, as well as environmentally
friendly glass used in construction [112].

To promote green buildings, the government increased investments in demonstration
projects during this period. For example, the Jeju Island International Education City
began operations in 2011. The design cleverly integrates local characteristics and makes
full use of natural resources to reduce energy consumption by maximizing the use of
local natural resources. This regulates light and ventilation and uses rainwater collection,
solar panels, and geothermal heating and cooling systems [114]. In addition, the Seoul
Lotte Tower, an iconic 555 m tall super-high-rise building with 123 floors that started
around 2011, is not only the tallest building in South Korea but also has obtained LEED
gold certification. The building features advanced heating and cooling systems, efficient
energy management systems, and rainwater recycling systems [115]. The Seoul Energy
Dream Center, an innovative project that began in 2008 and was completed in 2012, is
dedicated to sustainable development and energy efficiency, incorporating a range of
sustainable building techniques, such as recycled and local materials, low-energy lighting,
and insulation, resulting in buildings using 70% less energy than standard buildings for
heating and cooling [116].

4.3.2. Research Trends

According to the analysis of research results from 2011 to 2015, research in the field
of green buildings mainly focused on the improvement and development of evaluation
index systems, followed by the popularization and development of green buildings, energy-
saving technology, and the economy. South Korea’s green building certification system
has undergone continuous development thanks to the steady research of the academic
community and practitioners, as well as improvements in government policies. However,
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there is insufficient research on issues in the certification process and public awareness of
G-SEED. Therefore, G-SEED needs to formulate a detailed development plan and roadmap
for public participation [56].

In an investigation of the application of G-SEED in office buildings (land use and
transportation, energy and environmental pollution, materials and resources, water cycle
management, maintenance management, ecological environment, and indoor environment),
problems existing in the evaluation project were analyzed, providing a reference for the
next revision of the G-SEED system [41]. Suggestions have been proposed to improve the
G-SEED evaluation standards for new and renewable energy facilities. The standards aim
to enhance the effectiveness of and promote the widespread application of new renewable
energy technologies. Additionally, a distinction between buildings with compulsory and
non-compulsory renewable energy supplies was proposed. A mandatory standard should
be formulated requiring all building projects participating in green building certification to
install a certain proportion of new and renewable energy facilities [42,50]. Furthermore,
by comparing LEED certification in the United States and G-SEED certification in South
Korea, the limitations of G-SEED in assessing CO2 emission reductions indicate that it is
insufficient to consider the overall impact of buildings on the environment [44]. Similarly,
G-SEED does not fully reflect a building’s lifecycle in its management assessment and falls
short in terms of substantive energy consumption and re-certification systems. Hence,
there are suggestions to separate the assessment of existing buildings from first-certified
buildings to improve efficiency [46]. Buildings with specific uses, such as hospitals, cannot
be certified according to the standards of other buildings in G-SEED; their special needs
should be fully considered, and separate certification standards should be formulated [55].
Moreover, the current coexistence and decentralization of multiple certification agencies,
as well as the inconsistent interpretation of standards by different agencies, have led to
the problem of low efficiency [51]. Furthermore, a revision of the Green Growth Act has
been proposed to improve the land use system and effectively promote the development of
green buildings [53].

In terms of popularization and development, research on green buildings for older
adults continues, and the concept of the integration of “elderly communities” and “green
buildings” has been proposed. Furthermore, “adapting to the needs of an aging society and
combating the challenges of global warming” should be added to the design paradigm of
housing design paradigms [47]. The green building concept has been introduced into school
buildings since 2005; however, feedback has not been ideal. The study recommends that in
addition to providing relevant education to users, the opinions of building designers and
users should be comprehensively considered, and there should be sufficient communication
between users, designers, construction personnel, and certified consultants [49]. In addition,
the application of bionic design in green buildings was discussed, noting that designs based
on biomimicry address environmental issues and promote sustainable development. This
emphasizes that biomimicry, especially in green buildings related to new and renewable
energy, is a new trend for future development [60].

In terms of economics, it is necessary to analyze the costs incurred in designing and
constructing green buildings and the benefits brought about by the built facilities to achieve
sustainable green buildings. Especially in terms of private residences, the application of
certification standards in private apartment construction projects has been analyzed, and
incentives, such as property tax and registration tax, have been proposed to promote the
development of green buildings in the direction of private residences [44]. Furthermore,
it has been proposed to use a combination of life cycle cost and life cycle assessment to
evaluate the economics of green technology to ensure long-term economic benefits [72].

In terms of technology, the application of Building Information Modeling (BIM) technol-
ogy has been proposed to support the development of green buildings. This emphasizes the
importance of using BIM data for environmental performance analysis at different design
stages and during building renovations [65]. Furthermore, it emphasizes strengthening the
operation and management of green buildings to avoid the negative impact of certified build-
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ings on the environment. Moreover, it proposes that the enhancement of cost-effective green
building technology and management capabilities will become the first-mover advantage in
the global green market and the key to national industrial competitiveness [57].

Collectively, South Korea’s remarkable progress in green buildings between 2011 and
2015 demonstrated its achievements at the time and laid the foundation for sustainable
development. South Korea has demonstrated its environmental commitment by enforc-
ing comprehensive green building laws and strengthening certification standards. The
success of key projects not only raises domestic standards but also provides experience
for sustainable construction globally. These achievements represent an important step
forward in green building and sustainability in South Korea and open new avenues for
future development.

4.4. The 2016–2020 Period
4.4.1. Changing Trends

Green building development in South Korea continued to advance between 2016 and
2020, especially in the context of global challenges such as the COVID-19 pandemic, with
a strengthened commitment to sustainable development. To achieve the goal of reduc-
ing greenhouse gas emissions by 40% in 2030, the Korean government formulated the
“2030 Greenhouse Gas Emissions Reduction Roadmap” and the “Basic Plan to Address
Climate Change” in 2016, plans to formulate the “2050 Long-term Low Carbon Develop-
ment strategy”, and implemented a zero-energy building certification system in 2017 [73].
Furthermore, starting in 2020, zero-energy buildings will gradually become mandatory,
with the goal of all buildings reaching first-class standards by 2050 [117].

Further updates and enhancements have been made in terms of green building
certification standards. In 2016, residential and non-residential buildings were certi-
fied separately [92]. Non-residential buildings include commercial, school, and retail
facilities [92]. In the same year, to promote the green renovation of existing buildings,
a “green renovation certification standard” was established in G-SEED to distinguish green
renovation buildings from general renovation buildings [76]. South Korea has also strength-
ened the research and application of solar buildings, especially in the city of Seoul, with the
“Sun City, Seoul 2022” plan in November 2017, aiming to provide one million households
with solar micropower stations, covering apartments, residences, and buildings [91]. As
technology matures, the building of smart cities has become an urban development goal
pursued by various countries. In 2018, the Korean government selected the Busan Eco Delta
Town project, known as the Busan Eco Delta Smart City, as a national smart city pilot, which
represents an important step towards sustainable urban development and smart cities in
South Korea [118]. As one of the smart cities of global concern, Songdo has developed
rapidly during this period, integrating advanced smart city technology, green technology,
and planning concepts, including smart streets, sustainable public space planning, green
public open spaces, green transportation systems, energy and water conservation systems,
sewage recycling and reuse facilities, central garbage collection and processing systems, and
digital infrastructure systems. This area has the highest concentration of LEED certification
projects worldwide, with a certified area of more than 1,850,000 square meters [119].

In 2020, in response to the COVID-19 pandemic, South Korea launched the Green New
Deal, pursuing green transformation as a post-pandemic recovery mechanism with a focus
on sustainable economic reform and growth. Plans include transforming the energy sector
to be carbon neutral by 2050; reforming infrastructure and transport systems; imposing a
carbon tax; halting the financing of coal projects; promoting urban forests, recycling, and
electric vehicles; and increasing the share of renewable energy in electricity production to
20% by 2030 to reduce greenhouse gas emissions [2].

4.4.2. Research Trends

According to the analysis of research results from 2016 to 2020, research in the field
of green buildings has mainly focused on improving and developing evaluation index
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systems, building energy-saving management systems, and energy-saving technologies.
The need to amend and improve the Green Building Construction Support Act and the
certification system was raised, as well as the need to strengthen compulsory certification
and provide more incentives. Moreover, to increase public enthusiasm for participating
in green buildings, information and education should be increased in addition to existing
incentives [73]. Furthermore, the integration of pre-certification and main certification has
been proposed to improve efficiency [74]. Additionally, to improve living and working
environments, the need to strengthen green building certification standards related to
indoor sound environments and fine dust management has been emphasized. This includes
standards for evaluating floor impact, toilet, and traffic noise; separate standards for special
spaces such as schools and accommodation facilities; and the incorporation of fine dust
measures into indoor air quality standards to ensure resident health by introducing them
into the G-SEED screening standard [81,82].

Regarding the future development direction of G-SEED, expansion of the assessment
objects has been proposed from buildings, neighborhood units, cities, and infrastructure
to the vertical and horizontal directions of the outdoor spaces of buildings. Moreover,
emphasis on the assessment of socioeconomic sectors and the integrated consideration of
environmental, social, and economic well-being have been proposed [77].

In terms of green building energy-saving management systems, most G-SEED-certified
residences have problems with their energy consumption; therefore, it is necessary to
establish a building life cycle management system to ensure management and maintenance
during the operation period [80]. The application of BIM technology has been proposed to
assist in the design and evaluation of green buildings to improve efficiency and ensure the
reliability of evaluation results [85].

In terms of the economy, the Economic Efficiency Index of environmentally friendly
building technologies that considers energy costs, environmental costs, carbon emission
right prices, and environmentally friendly building technologies is categorized into resource
conservation, energy conservation, and energy production technologies. This emphasizes
the reduction in costs and carbon emissions to enhance economic efficiency [84].

In terms of green building renovation, the goal of green renovation certification is to
achieve green transformation by improving the performance of existing buildings. The
certification standards should include energy performance and indoor environmental
comfort to ensure economy, and the G-SEED should be modified accordingly [76]. In
actual operations, regional conditions should be considered, low-cost and eco-friendly
technologies should be developed, and empirical applications should be conducted to test
their suitability [86].

In terms of energy-saving technology, it was discovered that oyster shells, a waste
product from the fishing industry, can be used as a substitute for limestone in calcined
limestone clay cement, thereby meeting environmental protection requirements and having
a similar level of strength [90].

In summary, from 2016 to 2020, South Korea achieved significant progress in the field
of green buildings and deepened its commitment to sustainable development. In the face
of global challenges such as COVID-19, greenhouse gas emission reduction strategies have
been developed, zero-energy building mandatory policies have been implemented, green
building certification standards have been strengthened, and the construction of smart
cities shows foresight in green and smart cities. These measures not only promote domestic
green development but also provide valuable experiences to the world.

4.5. Post-2020
4.5.1. Changing Trends

Since 2020, South Korea has continued to promote the Green New Deal and trans-
form the model into a low-carbon and sustainable economic growth model. One of the
key highlights of this shift is the emphasis on renewable energy and green infrastructure,
including large-scale investments in green transportation and smart healthcare, especially
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in areas outside the capital region [120]. In addition, South Korea’s fossil fuel-intensive
industries are transforming into clean and green industries, which include large invest-
ments in the renewable, solar, and wind energy fields. Further investments include the
development of electric vehicles and fuel cell vehicles, such as Hyundai Automobile, which
is leading the field of hydrogen fuel cell vehicle production and has even proposed to
achieve 1.3 million electric vehicles and 200,000 fuel cell vehicles by 2025 [121]. In terms
of urban construction, Incheon has taken many measures to become a carbon-neutral city
by 2050, including promoting the development of green buildings, green infrastructure,
and clean energy, with special emphasis on the development of new green buildings [122].
This period strengthened the promotion of green building standards and certifications. By
2023, all new, renovated, or expanded public school buildings (with an area of more than
3000 square meters) will be required to meet the green building certification standards [94].
Additionally, in March 2022, the ‘Carbon Neutrality and Green Growth Basic Act’ was
implemented, officially establishing the goals of reducing greenhouse gas emissions by 40%
by 2030 compared with that of 2018 and achieving carbon neutrality by 2050 [3].

4.5.2. Research Trends

According to the research results after 2020, the research will mainly focus on the
improvement and development of the evaluation index system and building renovations.
People spent increased amounts of time indoors during the COVID-19 pandemic, which
highlights the importance of improving indoor air quality and acoustic environment assess-
ment standards in the G-SEED [94]. In addition, given the increasing trend of one-person
households in Korea, it is necessary to specifically introduce guidelines for the use and char-
acteristics of one-person household residences in the G-SEED, clarify review documents,
separately certify, and simplify the certification process [95]. However, it is recommended
to use BIM technology to assist in the assessment of green buildings, improve assessment
efficiency, and ensure the reliability of the results [99].

In terms of building renovations, the research points to the assessment shortcomings of
the existing standards. Therefore, we propose to apply the actual energy-saving rate to the
green renovation of existing buildings to reduce the difficulty and cost of certification [100].
However, to promote private participation, economic incentives, such as taxes and funding,
should be implemented for construction costs [102].

Overall, this progress in green buildings and green industries in South Korea reflects
the country’s strong commitment to sustainable development and combating climate
change, as well as its determination to transform into an eco-friendly and sustainable future.

5. In-Depth Analysis of Green Building Trends by Period

We reviewed the development process of Korean green building research along a
timeline. To gain a comprehensive understanding, the eight aforementioned research
fields are summarized. A similar classification method was adopted in our previous study
on green buildings in China [16]. The classification is divided into five sub-dimensions:
technical, economic, popularization, the development of green buildings, systemic, and
legal. On this basis, each sub-dimension can be sub-divided into several key elements
according to the research content. The five sub-dimensions and their specific elements are
shown in Figure 2.

As shown in Figure 3, before 2006, South Korea’s research in the field of green buildings
focused on the systemic, technical, popularization, and development sub-dimensions of
green buildings. Research in this area has gradually increased since 2005. Between 2006
and 2010, research developed in four of the five sub-dimensions (except for the legal
sub-dimension) and showed a balanced trend. After 2010, research was conducted on all
five sub-dimensions. Between 2011 and 2015, research on the systemic sub-dimension
increased significantly, whereas research on the other sub-dimensions did not change much
compared with that in the previous period. From 2016 to 2020, except for the decrease in
research on the popularization and development of green buildings, research on the other
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sub-dimensions remained stable. After 2020, research on each sub-dimension declined
compared with that in the previous period, which may be due to the short duration of
this period. Overall, until 2015, South Korea’s research on green buildings continued
to increase. However, after 2015, the research showed a downward trend. This may be
related to the maturity of concepts and technologies, such as artificial intelligence and
smart cities. Simply, the research and construction of green buildings have been integrated
into broad fields, such as artificial intelligence applications and smart city construction. In
addition, research on the systemic sub-dimensions has been increasing since 2001, showing
the continued enthusiasm of Korean academics in this field; however, it has decreased
since 2015. A specific analysis of this part is discussed in Section 5.4.

Figure 2. The classification of the five sub-dimensions.
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5.1. Technical Sub-Dimension

Specific elements within the technology sub-dimension are divided into three cate-
gories: energy utilization, building materials, and digitalization. As the challenge of global
warming becomes increasingly severe, South Korea is developing rapidly in the field of
green buildings. As shown in Table 2 and Figure 4, an increasing number of studies have
been conducted on green building technologies since 2001. Before 2010, these studies
mainly focused on the use of renewable energy sources, such as geothermal, wind, and
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solar energy, for cooling and heating and the development of environmentally friendly
building materials. Since 2005, research has continued to intensify, with a particular focus
on developing new recyclable materials with good thermal and sound insulation properties.
Furthermore, the possibility of converting industrial and agricultural waste into environ-
mentally friendly building materials has been explored. Since 2011, with the maturity of
technologies, such as BIM, the integration of these new technologies into the entire con-
struction process of green buildings has become a new trend in the field of green building
research. In summary, prior to 2010, South Korea’s research on green building technology
primarily focused on the development of ecofriendly building materials. However, after
2010, the research direction gradually shifted towards a dual emphasis on the development
of eco-friendly building materials and the digitization and intelligentization of green build-
ing design, construction, and management. This shift signifies that alongside pursuing
material eco-friendliness, there is also an exploration of ways to enhance building efficiency
and sustainability through advanced technological means.

Table 2. Trends in the technological sub-dimension.

Period Energy Utilization Building Materials Digitalization

2001–2005 0 2 0
2006–2010 3 2 0
2011–2015 0 3 2
2016–2020 2 1 2
After 2020 0 0 1
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5.2. Economic Sub-Dimension

The specific elements in the economic sub-dimension are divided into three categories:
life cycle cost, market demand, and certification system. As shown in Figure 5 and Table 3,
South Korea’s research on green building economies began in 2006. Until 2016, research
focused mainly on life cycle costs and market demand. In terms of life cycle costs, research
mainly focuses on the heating and cooling systems of residential buildings and cost–benefit
analysis throughout the life cycle. In terms of market demand, the focus is primarily
on the perspectives of decision makers, such as the government and developers. The
market demand and acceptance of green buildings from the standpoint of these upper-
level decision makers is discussed, while giving low consideration to the viewpoint of the
average consumer; hence, a deep analysis of consumer needs and preferences is lacking.
From 2016 to 2020, there has been a significant shift in research focusing on the economic
impacts associated with green building certification systems. Specifically, this research
explored how these certification systems affect the cost and final sale price of residential
construction. The variation in the specific impact of certification systems on construction
costs suggests a new research direction: assessing the specific impact of green building
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certification on the economic aspects of the construction industry. After 2020, relevant data
became relatively scarce, a situation that may be partly attributed to the study period being
shortened by two years in this phase compared to that of the previous two periods.

Figure 5. Trends in the economic sub-dimension.

Table 3. Trends in the economic sub-dimension.

Period Life Cycle Cost Market Demand Certification System-Related

2001–2005 0 0 0
2006–2010 1 2 0
2011–2015 2 3 1
2016–2020 0 1 3
After 2020 0 1 0

Based on the overall research trends, South Korea’s studies on the economic aspects
of green buildings have not sparked significant interest. Research in this field has main-
tained its mediocre status. Notably, ordinary consumer needs and opinions on green
buildings have rarely become the focus of research, reflecting a lack of understanding of
consumer needs and preferences, which may affect the depth and breadth of green building
economic research.

5.3. Popularization and Development of Green Buildings Sub-Dimension

The specific elements in the popularization and development of green building sub-
dimensions are also divided into three categories: green building application, education
and awareness, and stakeholder analysis. As shown in Figure 6 and Table 4, research
on the popularization and development of green buildings began primarily after 2005.
Before 2005, the focus was on understanding the concept and necessity of green buildings.
From 2006 to 2015, this study was expanded into three elements. At the green building
application level, the focus is primarily on the green development trends of civil buildings,
such as office facilities, educational facilities, residences, and cultural facilities. In particular,
combined with social phenomena, such as the aging of Korean society and the increase in
one-person households, we discuss the development of green buildings for older adults
and green building design, construction, and management for special groups, such as one-
person households. At the educational and awareness level, efforts in the education and
information systems regarding green buildings are severely lacking. Thus, a comprehensive
linkage system must be established. This system should include professional education
for relevant practitioners as well as public social education aimed at ordinary citizens,
such as administrators and students. Stakeholder analysis explores the views of green
building practitioners and audiences, especially designers and users, on the green building
certification system. Furthermore, it points out that different voices need to be considered in
the design and construction of green buildings. After 2016, the number of relevant studies
decreased significantly. This trend may be related to the maturity of concepts, such as smart
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cities after 2016; the popularity and development of green buildings have been widely
integrated into the field of smart city construction research. The reason for the emergence
of green building application research in school construction after 2020 is probably owing
to the Korean government requiring all newly built, renovated, or expanded public school
buildings with an area of more than 3000 square meters having to comply with the green
building certification standards starting from 2023.

Figure 6. Trends in the popularization and development of green buildings sub-dimension.

Table 4. Trends in the popularization and development of green buildings sub-dimension.

Period Green Building
Application

Education and
Awareness Stakeholder Analysis

2001–2005 0 3 0
2006–2010 2 3 0
2011–2015 3 1 1
2016–2020 0 0 0
After 2020 1 0 0

5.4. Systemic Sub-Dimension

The specific elements in the systemic sub-dimension are also divided into three cate-
gories: evaluation systems, energy-saving systems, and management systems. As shown
in Figure 7 and Table 5, there were relatively few studies on the systemic sub-dimension
between 2001 and 2005. Simultaneously, green buildings had just begun to receive attention
in Korea; thus, there were few studies. Given that research is focused on management sys-
tems, a general focus is on developing a classification system for green building materials
with the aim of helping designers and builders select appropriate materials according to
needs in green building projects. Since 2006, relevant research has been conducted on three
main areas. In particular, research on evaluation systems has increased rapidly since 2010.
This may be due to the problems and deficiencies in the certification process that have been
encountered in practice over the past ten years. These processes prompt the academic com-
munity to conduct research and promote the development of green buildings. This study
mainly focuses on improving the certification system and evaluation standards. These
include enhancing the standards for new energy and renewable energy facilities, refining
the re-certification mechanism of green building certification systems, setting specialized
evaluation standards for specific types of buildings (e.g., hospitals and schools), developing
unique green building standards for specific groups (e.g., older adults and one-person
households), establishing independent evaluation standards for the green retrofitting of
existing buildings, creating assessment systems based on the building life cycle, developing
comprehensive CO2 assessment procedures, strengthening the assessment standards for in-
door air quality and sound environments, and exploring the future direction of assessment
systems, such as low-carbon community evaluations.
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In the research on energy-saving systems, 2010 was an important watershed. Prior to
this, research focused on heating and cooling systems and the systematic design of green
buildings. After 2010, the research focus shifted to using BIM to minimize energy losses
and develop comprehensive CO2 monitoring systems, among other methods, to support
the development of green buildings.

In terms of management systems, research before 2010 mainly continued previous
research on green building material classification systems, whereas after 2010, the research
focus shifted to demonstrating and emphasizing the importance of implementing green
building management. This included systematic building life cycle management, which
can not only save energy but also provide a comfortable indoor environment.

Overall, the research on evaluation systems has been dominant. After 2010, the
number of studies in this area increased significantly; although it declined slightly after
2015, it remained high. This reflects the strong interest of the Korean academic community
in improving the green building evaluation system, which is crucial for promoting the
development of green buildings.

5.5. Legal Sub-Dimension

In the breakdown of the legal sub-dimension, there is only one element, law and
regulation amendments. Research on this dimension began after 2010 and has been men-
tioned only occasionally. The research mainly focuses on a discussion of the comprehensive
revision of South Korea’s current green building-related laws and policies. For example,
reform proposals for specific laws such as the “Green Growth Act” mainly involve the
refinement of land use, transportation, and building legal systems; strengthening the role of
local governments in oversight; enhancing the mandatory nature of regulations; improving
incentive mechanisms; simplifying certification procedures; distinguishing between differ-
ent certification systems; improving building energy efficiency; and promoting renewable
energy. These recommendations are intended to ensure the sustainability of green building
development. The significant decrease in relevant research after 2016 can probably also
be explained by the increasing maturity of concepts such as smart cities after 2016, and re-
search on legal sub-dimensions has been widely integrated into the research field promoted
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by smart city construction. South Korea has integrated several relevant regulations and
introduced a comprehensive green building law in 2013. By March 2022, the country further
implemented the “Carbon Neutral Green Growth Basic Law”. If the terms of this law need
to be changed, updating and improving the G-SEED can effectively serve a similar purpose.

6. Conclusions and Recommendations

The development of green buildings is affected by factors such as the historical period,
political environment, social trends, economic conditions, cultural characteristics, and
climatic conditions. The objective of this study was to summarize and forecast the green
building development trajectory in South Korea by examining the evolving trends within
this field.

This study examined the trends in green building research during different periods.
Overall, since 2000, South Korea’s research on green buildings has mainly focused on
improving and developing an evaluation index system and exploring energy-saving tech-
nologies and economic aspects. Specifically, in terms of the improvement and development
of the evaluation index system, the multifaceted improvement of the evaluation system is
comprehensively discussed and is believed to be of vital significance for the promotion and
progress of green buildings.

In terms of technological research, especially the R&D of green building materials,
slow development has been a problem. This is partly due to factors such as the field’s
high technical difficulty, long R&D cycles, and uncertain rates of return. Combined, these
factors reduce investors’ willingness to invest in such projects and increase researchers’
hesitation to participate. Therefore, this requires substantial policy and economic support
from governments and investors, such as enterprises. Most importantly, it is crucial to
avoid imposing rigid requirements on researchers to complete results within a specific
timeframe. Moreover, tying these results to professional development matters, such as job
title promotions, to stimulate researchers’ motivation for research should be avoided.

The research focus also includes the popularization and development of green build-
ings, which not only encourages the incorporation of green building concepts and practices
into public facilities such as schools and hospitals but also, in line with South Korea’s
national conditions, advances the use of green buildings in one-person households and an
aging society. This approach makes it easier for disadvantaged and special groups to benefit
from green buildings, resulting in more advanced humanistic care. However, the efficacy of
green buildings in these settings is not always optimal. This suggests that promoting green
buildings in specialized environments requires collaborative efforts from the government,
society, and educational institutions, as well as engineers. This collaboration should include
government policy support, financial assistance, public awareness, practical applications,
and educational initiatives.

In economic terms, it is critical to consider consumer perspectives. As end users of
green buildings, we must understand consumer expectations for the living environment,
green building performance requirements, and purchasing power. To achieve these goals,
governments must provide guidance, financial support, and investments in social capital.
Furthermore, effective green building promotion requires the development of appropriate
marketing strategies.

In legal terms, while the law should not be revised frequently, green building stan-
dards and specifications can be updated. This ensures that the development of green
building is encouraged and legally protected. Furthermore, legal incentives such as tax
breaks should be established to recognize companies and research institutions that perform
exceptionally well.

Research on green buildings has emphasized the importance of management through-
out the building’s life cycle. However, there is currently a lack of specific management
methods or systematic research, indicating that there is still room for in-depth exploration
in the field of building management systems. For example, a general understanding of its
significance must first be established. Second, more detailed and stringent green building
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standards should be developed to ensure that buildings adhere to the environmental pro-
tection and sustainability principles in all phases of their design, construction, operation,
and maintenance. Furthermore, high-tech tools such as intelligent building management
systems are used to monitor and manage energy consumption in real time, and person-
alized management strategies can be developed based on users’ behavioral habits [123],
ensuring that the building’s energy efficiency is maximized during use. Furthermore, it
increases public understanding and awareness of green buildings as well as encourages
participation in green building promotion and supervision.

In addition, existing buildings account for a large proportion of Korean buildings;
therefore, it is necessary to increase research on the economic, technical, and policy support
for green renovation of existing buildings and formulate systematic renovation Standard
Operating Procedures. Moreover, with the development of emerging technologies such as
BIM and the maturity of smart city concepts, the use of these technologies to build green
buildings during smart city creation will become a future trend. Not only can sustainability
be achieved, but the quality of working and living environments can also be improved.
Therefore, it is necessary to accelerate the localization of technology, raise public awareness,
reduce costs, and fully consider people’s needs.

This study also provides valuable reference values for other countries, particularly
developing countries. This will help other countries to effectively understand the key
elements of green buildings at different stages of development, avoid the challenges and
mistakes encountered by forerunners in the exploration process, and reduce valuable time
and capital costs.

However, the content of this study is highly relevant, focusing on keywords related to
green, energy-saving, and environmentally friendly buildings; hence, many studies from
different periods may be missing. Additionally, the paper publication time lag requires
attention. Therefore, it will be necessary to improve these aspects in the future and conduct
content reviews through an in-depth literature analysis.

In addition to an in-depth literature analysis within South Korea, an important di-
rection is to conduct comparative research on green building development in countries
such as China, Japan, and other neighboring nations, as well as in European and American
countries where green buildings are most developed. These comparative studies should
encompass policy aspects, such as building energy efficiency standards, environmental
protection requirements, and green certification systems; market aspects, including market
size, growth trends, and investment status, along with market driving forces and demand
characteristics; and socio-cultural involvement levels and attitudes among governments,
enterprises, and the public. Through this comparison, the key elements at different de-
velopmental stages can be identified to promote the comprehensive development of all
aspects of green buildings.
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