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ABSTRACT: Green materials have proven to be highly effective in managing environmental
impacts when implemented in construction activities. The aim of this review paper is to
critically examine the shift towards green construction practices in developed countries, with a
focus on the integration of environmental management strategies and the use of sustainable
materials. Currently, developed countries such as Switzerland, Japan, and China have
significantly benefited their local environments by implementing these practices in the
construction industry. Authorities and governments in these nations have taken proactive steps
to establish standards and policies for the construction sector, encouraging more industries to
participate in environmental management and protection efforts. The enforcement of rules and
regulations in these developed countries has led the construction industry to prioritize
environmental management and protection. The use of green materials in construction projects,
including autoclaved aerated concrete blocks and green roof technology, has shown positive
trends in advancing environmental protection and management. Developing countries are
encouraged to adopt similar initiatives and utilize green materials in their construction
industries to help secure the importance of environmental sustainability.
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1. Introduction

Construction has been an ongoing activity for centuries across the globe, shaping the
infrastructure of civilizations and enabling societal growth. In recent years, there has been a
significant shift in how construction is approached, particularly in developed countries where
environmental concerns have become a priority. These nations have increasingly adopted
greener construction practices, integrating environmental management strategies and utilizing
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sustainable materials [1]. This movement toward green construction reflects not only
technological advancements but also a response to the growing awareness of the environmental
impact of traditional construction methods. The United States currently leads the global effort
in implementing and constructing green buildings, with China and Canada following closely
behind [2]. This leadership position underscores the United States' commitment to sustainable
development, where the use of green materials and environmentally friendly construction
techniques has become standard practice. The focus on green construction is part of a broader
trend in developed countries to incorporate sustainability into all aspects of socio-economic
development.

Developed countries are those that have reached a specific level of socio-economic
advancement, often measured by their Gross Domestic Product (GDP) and the overall quality
of life for their citizens. These nations typically exhibit high standards of living, advanced
technology, and robust infrastructure. In addition to economic indicators, developed countries
are characterized by their well-established education systems and high levels of
industrialization. These factors contribute to the capacity of developed nations to invest in and
implement green construction practices effectively. According to literature, several countries
are recognized as developed, including South Korea, Australia, Canada, Japan, Italy, the United
States, Germany, France, Spain, the United Kingdom, Switzerland, and Belgium. These
countries share common traits such as advanced technological capabilities, high economic
output, and a commitment to sustainable development. In the context of construction, these
traits enable them to lead in the adoption of green building practices [3, 4].

In contrast, developing countries face numerous challenges in adopting green
construction practices, which can hinder their progress toward sustainability. Key barriers
include limited financial resources, inadequate infrastructure, and lack of access to advanced
technologies [5]. Unlike developed nations, where investment in green technologies is often
supported by strong financial markets and government incentives, many developing countries
struggle to secure funding for sustainable construction projects. This financial limitation can
restrict the ability to adopt innovative building materials and practices that are essential for
green construction. Developing countries often grapple with regulatory frameworks that are
not conducive to sustainability. In many cases, building codes and environmental regulations
may be outdated or poorly enforced, making it difficult to promote green building standards.
Furthermore, there is often a lack of awareness and education about green construction
practices among stakeholders, including policymakers, builders, and the general public. This
knowledge gap can hinder the effective implementation of sustainable practices and reduce the
demand for green buildings [6].

Cultural factors and societal attitudes toward traditional construction methods also pose
challenges. In many developing countries, conventional construction practices may be deeply
ingrained, making it difficult to shift toward more sustainable approaches. There may be a
perception that green construction is more expensive or less reliable, which can deter
stakeholders from considering it as a viable option [7]. Infrastructure limitations in developing
regions can complicate the adoption of green technologies. For instance, inadequate waste
management systems may hinder recycling efforts, and limited energy access can restrict the
use of energy-efficient solutions. In contrast, developed countries often have the infrastructure
in place to support the widespread adoption of green technologies, such as efficient public
transport systems and advanced waste management facilities [8, 9].
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The United States' leadership in green construction can be attributed to several factors.
Firstly, there is a strong regulatory framework that encourages sustainable practices, including
building codes and standards that mandate energy efficiency and the use of environmentally
friendly materials. Additionally, there is significant market demand for green buildings, driven
by the recognition of both public and private sectors regarding the long-term economic and
environmental benefits of sustainable construction [9, 10]. In China, rapid urbanization and
industrialization have prompted the government to adopt green building practices to mitigate
the environmental impact of construction. The Chinese government has implemented policies
that encourage the development of green buildings, such as subsidies for energy-efficient
projects and stringent environmental regulations for new constructions [11]. Similarly, Canada
has embraced green construction, focusing on reducing the carbon footprint of buildings and
promoting the use of sustainable materials. Canadian construction practices often emphasize
energy efficiency, waste reduction, and the use of locally sourced, renewable materials [12].

In these developed countries, the adoption of green construction practices is not just a
trend but a necessity driven by the need to address climate change and environmental
degradation. The construction industry is a significant contributor to global greenhouse gas
emissions, and the shift toward sustainable building practices is crucial in reducing these
emissions. Green buildings are designed to minimize energy use, reduce waste, and utilize
materials that have a lower environmental impact compared to traditional construction
materials. Moreover, the emphasis on green construction in developed countries reflects a
broader societal shift toward sustainability. Consumers and businesses alike are increasingly
prioritizing environmentally responsible practices, and this is reflected in the growing demand
for green buildings. In turn, this demand drives innovation in the construction industry, leading
to the development of new technologies and materials that further enhance the sustainability of
buildings [7-10]. The aim of this review paper is to critically examine the shift toward green
construction practices in developed countries, focusing on the integration of environmental
management strategies and the use of sustainable materials.

2. Current Status and Government Policy on Environmental Management Practice

The current status of environmental management practices and government policies in some
countries is shown in Figure 1. In Switzerland, industrial activities, including construction or
infrastructure projects that may have a negative impact on the environment, require specific
permits before operations can commence. An environmental impact assessment (EIA) must
also be conducted for construction activities to determine whether the project complies with
the provisions and regulations set by local authorities. To perform this assessment, the applicant
or project proponent must investigate the potential adverse effects of the construction activity
on the environment. The preparation of a report includes documenting the initial state of
environmental conditions before construction, detailing the project and the construction
activities planned, identifying possible adverse impacts at the construction site, and outlining
mitigation measures to reduce negative effects. The relevant authorities responsible for
assessing the environmental impact of the construction project will evaluate the EIA report,
along with recommendations from other authorities, to ensure compliance with environmental
regulations [13].
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Figure 1. Current status and government policy on environmental management practice in some countries.

In Japan, the Construction Material Recycling Act, enforced in 2002, mandates that
construction teams categorize specific construction materials or waste of defined sizes that
have been demolished from a building or generated during construction. This regulation
enables the recycling and reuse of construction materials or waste instead of merely disposing
of them [14]. In the Netherlands, a national ban has been imposed on the disposal of reusable
construction and demolition waste, permitting only certified crushers or sorters to dispose of
non-reusable waste [15]. Waste classified as construction and demolition waste includes
asbestos and asbestos-containing materials, dredging materials, aerated concrete, roofing
waste, glass, gypsum, fiber optic cables, wood, paper or plastic-insulated cables and remnants,
stone materials, grit, tar-containing asphalt, contaminated soil, and packaging for paint,
adhesive, sealant, and resin. These materials must be recycled, reused, recovered, or backfilled
to reduce the amount of waste sent to landfills. According to recorded statistics, over 98% of
construction and demolition waste was recovered in 2012, with the highest portion—94%—
being recycled [16].

Green Building Council (GBC) lItalia is a non-profit organization founded to promote
sustainable design and construction management practices. Its objective is to reduce adverse
environmental impacts while improving the profitability of companies and enhancing the
health and well-being of individuals in buildings. GBC ltalia encourages the LEED
certification system, which has developed a specific rating system for certifying historical
architecture. This rating system addresses the restoration of historical buildings and the
preservation of global cultural heritage. It is believed that this initiative fosters collaboration
among various sectors of the property and construction industry and all stakeholders to develop
a green built environment in Italian society that aligns with traditional architecture, culture, and
the Italian landscape. This demonstrates the Italian community's commitment to promoting
green building practices, especially for historical structures [7, 17].

Japan and China are both focusing on green building programs that incorporate
sustainable design and construction while considering local economies, human needs, and
environmental aspects. Both countries utilize wood-based building materials in their
construction industries. A survey indicated that Japanese builders regard wooden materials as
the most environmentally friendly structural building option compared to other materials
evaluated in the study. Additionally, the results showed that Japanese green building programs
create market value for various types of U.S. value-added wooden-based materials intended for

83



Tropical Environment, Biology, and Technology 2(2), 2024, 80-92

constructing CASBEE-Sumai houses, which are built under the green building initiative. The
Japanese government also provides subsidies to individuals who purchase houses, as well as to
contractors who build using domestic woods. Consequently, this program encourages more
buyers and contractors to purchase and construct homes with domestic wood, simultaneously
enhancing environmental benefits [9, 18].

3. Overview of planning and propose of environmental management practice

Recycling construction and demolition waste has been practiced in Zurich, where these wastes
have been calculated to account for 25-30% of the waste produced in the city. The materials
that can be recycled include concrete, bricks, gypsum, wood, glass, metals, and other
construction materials, which helps reduce the contribution of waste to landfills. This action is
taken in line with the EU Circular Economy Action Plan, which states that recovering valuable
resources from waste produced in the construction and demolition sectors is crucial. The
materials that are recycled can replace some of the ingredients used in concrete production,
known as aggregates. The city has been implementing the use of recycled concrete aggregates
in public building construction projects for more than 15 years. Additionally, cement
production contributes significantly to greenhouse gas emissions, as the production of clinker,
which is the material needed to produce cement, generates more than 70% of concrete’s
greenhouse gas emissions. Therefore, in addition to recycling concrete, the city of Zurich also
replaces standard cement with CEM 111/B2, which substitutes about 80% of clinker with slag-
sand, allowing for a reduction in greenhouse gas emissions of up to 30% during cement
production [19, 20].

In Canada, the Construction Environmental Management Plan (CEMP) has been
implemented for construction projects. Contractors following this CEMP must assume
environmental responsibilities, including consistently meeting existing environmental laws,
regulations, and other requirements, avoiding actions that could lead to negative environmental
impacts or pollution, ensuring that all work complies with Standard Specifications and Special
Provisions, and, most importantly, recovering or improving the condition of any habitat
affected by negative environmental impacts. Environmental Monitoring (EM) is also included
in the CEMP to ensure that environmental conditions are prioritized in all construction projects.
The monitoring schedule encompasses oversight of the erosion and sediment control measures
implemented at the construction site, evaluation of the performance of protective measures for
drainage systems, monitoring machinery present at the construction site for possible leaks due
to on-site operations and maintenance, and reporting any necessary clean-up of spills to the
project representative [21, 22].

Additionally, the government has implemented policies related to green technology.
These policies have been categorized into two groups: market-based instruments and non-
market instruments. Market-based instruments target taxes related to environmental policies
and establish systems for controlling and permitting pollution emissions. In contrast, non-
market instruments focus on command-and-control regulations, policies that support the
utilization of new and smart technologies, and voluntary actions. According to the article, the
most effective single policy for reducing adverse environmental impacts is setting a price on
the source of pollution or imposing taxes to decrease emission levels. The association of
various policies allows different sources of environmental issues to be addressed, ensuring that
a wider range of environmental challenges can be managed. This framework holds companies
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and individuals accountable for environmental damages, as the funds generated can be
allocated for mitigation or remediation processes [23].

The use of bar-coding system technology has been implemented through an incentive
reward program (IRP) among construction workers. This bar-coding system aims to reduce the
generation of construction waste by tracking real-time data on new materials, unused materials,
packing debris, materials used for construction, and transferring this data to project
management systems and headquarters through an online platform. With the bar-code labeling
shown in the figure above, this system facilitates the reduction of wasted materials, as any
transfer of materials—such as withdrawals or restocking—is recorded when bar-code labels on
the materials are scanned, allowing for constant monitoring of material movements. Immediate
actions can be taken to resolve any problems, such as incorrect material withdrawals, ensuring
that workers on-site understand any mistakes made, allowing for prompt adjustments [24].

Based on a review of Australia’s green building evaluation, Life Cycle Assessment
(LCA) has been adopted. LCA is a method that assesses the potential impacts of certain
processes or materials on environmental aspects over the product's lifetime. It is a valuable
method for compiling information and data on the energy and materials required for any
construction project while evaluating potential negative environmental impacts that may arise
during or after construction. As noted, LCA provides significant benefits in terms of
sustainability assessment at multiple stages [25, 26].

The use of recycled materials in the production of ceramic tiles is also a common
environmental management practice among certain companies. It is known that 80% of the
recycled materials have been reincorporated into the manufacturing of ceramic tiles.
Furthermore, waste generated during the manufacturing process is also recycled to become part
of the raw materials for tile production. According to the article, researchers are currently
exploring the use of waste materials from both ceramic and non-ceramic industries to be
incorporated into ceramic compositions as a method to reduce or replace traditional raw
materials or to produce new products with different applications [27].

4. Current Situation of Green Materials for Construction
4.1. Co-incineration of waste material for cement kilns process.

Cement, as the main component required in construction projects, produces a significant
amount of carbon dioxide, one of the most common greenhouse gases, during its production
processes. Operating kilns requires the burning of fossil fuels, which contributes approximately
40% of carbon dioxide emissions [28]. Therefore, an alternative method for operating the kilns
is co-incineration of waste materials to generate the necessary energy for cement production.
Waste materials can include various types of waste, such as wood and plastics from demolition
activities, as well as industrial and municipal sewage sludge. This practice has been
implemented in Germany, where replacing fossil fuels with waste materials has reduced
reliance on conventional energy sources and minimized the disposal of waste in landfills. When
the co-incineration process is executed properly and at standardized locations, the release of
carbon dioxide and sulfur dioxide from hazardous materials, along with other hazardous gases,
can be effectively managed. Additionally, burning biomass, including animal and agricultural
waste, for kiln operation can positively impact carbon dioxide emission reduction. Reports
indicate that European countries have achieved a 70% substitution rate using this alternative
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energy generation method, with the UK showing a 40% substitution rate [29]. This illustrates
the beneficial use of waste materials rather than their mere disposal in landfills.

4.2 .New ceramic tiles.

In the Spanish Ceramic Tile Industry (SCTI), the development of green ceramic tiles has
emerged as a significant innovation in the construction sector. Thinner ceramic tiles are
currently under development, making the manufacturing process more environmentally
friendly. The production of these thinner tiles requires a reduced amount of raw materials,
potentially decreasing usage by up to 50%, which includes energy and water consumption
during manufacturing, transportation, and storage of the final ceramic tiles. It has been reported
that ceramic tiles can effectively remove nitrous oxide compounds from the air. Furthermore,
they require less water and fewer cleaning products for maintenance, thereby reducing their
adverse environmental impact. Ceramic tiles can also create a ventilated facade that enhances
building thermal insulation and can act as photovoltaic plates resistant to ultraviolet radiation
[27]. These tiles are typically installed in public areas, such as road pavements, where they are
constantly exposed to weathering. Importantly, when exposed to high temperatures, these
ceramic tiles do not release volatile organic compounds (VOCs) into the atmosphere. VOCs
can cause negative health impacts, including irritation of the eyes, nose, and throat, headaches,
and some compounds are known to be carcinogenic [30]. Thus, the development and
implementation of ceramic tiles in constructed buildings can provide significant positive
environmental effects.

4.3.Utilization of carbon dioxide.

In Germany, research into the capture and utilization (CCU) of carbon dioxide has received
funding from the Federal Ministry of Education and Research (BMBF). Technologies for
utilizing carbon dioxide in the construction industry have been developed, and local
governments have supported projects related to carbon dioxide capture and utilization.
According to the article, utilizing carbon dioxide in the synthesis of basic chemicals can expand
the raw material base for the chemical industry. Carbon dioxide can also serve as energy storage
for chemical compounds and act as a catalyst for necessary chemical reactions and activation.
Researchers have found that utilizing carbon dioxide to produce new materials, such as carbon
dioxide-based mattresses, can reduce carbon dioxide emissions by approximately 20%
compared to the production of conventional mattresses or foam products [31, 32].

4.4.Eco-labels.

The introduction of eco-labels in the construction industry secures both economic and
environmental benefits. Eco-labels enable owners or operators to make informed decisions by
providing information regarding economic value and efficiency in environmental preservation.
They serve as a form of sustainability reporting, indicating whether a product meets predefined
criteria. Wood-based products are commonly used in the construction industry, and the Forest
Stewardship Council (FSC) certifies wood products sourced from sustainably managed forests.
This organization also certifies final products made from wood harvested from these certified
forests. By labeling wood-based building products with eco-labels, personnel involved in
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managing construction projects can select these certified materials to ensure they are
environmentally friendly [33].

5. Green Materials Technologies
5.1. Autoclaved aerated concrete (AAC).

In many developed countries, autoclaved aerated concrete (AAC) blocks have gained
widespread use in the construction industry. AAC is considered a green concrete, produced
from materials such as industrial fly ash, rice husk ash, sunflower shell ash, pumpkin ash, and
ground-granulated blast furnace ash. The use of AAC blocks is environmentally sustainable,
as it incorporates a significant amount of industrial waste. These aggregates account for 65%
to 75% of the total volume of the concrete [34]. The advantages of AAC blocks include their
lightweight nature, ability to withstand high loads, excellent insulation properties, and
increased durability, as they weigh three times less than traditional red bricks. The
incorporation of industrial waste, such as fly ash, is eco-friendly and sustainable, as this
material is non-toxic, does not release harmful gases, and requires less energy during the
manufacturing process. AAC blocks reduce the dead load of constructed buildings, facilitating
the construction of taller structures. The presence of air pores and thermal mass in AAC blocks
enhances thermal insulation, which helps lower electricity costs for buildings by reducing heat
transfer between walls and ceilings made with AAC blocks. Additionally, AAC blocks possess
excellent fire-resistant properties, being non-combustible and able to withstand direct fire
exposure for up to six hours [35].

However, there are some disadvantages associated with AAC blocks. Construction
during rainy weather can cause the blocks to crack after installation. This issue can be mitigated
by using lower mortar strength and ensuring the AAC blocks are dry during and after
installation. AAC blocks also require careful handling, as they are more brittle than clay bricks,
to prevent breakage prior to installation. After construction, only longer and thinner screws
should be used, along with wood-suitable drill bits or hammering methods, to install cabinets
or wall hangings on AAC walls due to their brittleness [35, 36]. Additionally, building
insulation requires supplementary insulating materials to comply with the National
Construction Code (NCC) in Australia. Typically, texture coating and plasterboard internal
linings are used in conjunction with AAC blocks after they have been completely installed.
These additional materials are essential for ensuring compliance with NCC provisions,
especially for AAC walls with a thickness of 200 mm [37].

5.2. Green roofing.

A green roofing system is a surface designed to support vegetation, which can also be referred
to as roof gardens. The vegetation in a green roof system can range from a few centimeters to
over a meter in depth, depending on the management of the roof garden. The structure of a
green roof can be seen in the image below, located on top of a building. The concept of green
roofs was initially researched in Germany, Switzerland, and Scandinavia, leading to the
development of guidelines and standards, with the most recognized being the FLL Guidelines
by the German Landscape Research, Development and Construction Society. Green roof
systems are widely implemented in Europe, as they effectively manage stormwater, reduce
energy usage for building cooling, mitigate the urban heat island effect, and provide habitats
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for wildlife species [38]. In China, many buildings traditionally feature concrete roofing, which
traps heat inside. Moreover, concrete-paved roads contribute to increased surface rainwater
runoff, elevating the risk of flooding. In response, Chinese authorities have begun
implementing green roof systems to allow buildings to cool internally, reducing reliance on air
conditioning. Additionally, green spaces and surfaces integrated into city roads help absorb
surface rainwater, decreasing runoff and the potential for flooding [39].

The advantages of implementing green roof technology are significant. Green roofs can
lead to substantial electricity cost savings by providing a natural cooling effect for buildings.
The plants or vegetation on the roof absorb heat, reducing roof temperatures. In winter, green
roofs provide thermal insulation, preventing heat loss from the building. Consequently, green
roofs reduce the need for air conditioning and heating systems, thereby lowering electricity
consumption. Moreover, green roofs improve surface rainwater management, as plants can
absorb and store rainwater, decreasing the volume released into the environment and
minimizing flooding risks. Additionally, green roofs can extend the lifespan of the building's
roof. The vegetation acts as a protective barrier for the waterproof membrane beneath,
safeguarding it from damage caused by rain and corrosion. Most importantly, green roofs
contribute to reducing carbon dioxide emissions from buildings. By lowering the need for
heating and cooling systems, carbon dioxide emissions decrease, while plants absorb
surrounding carbon dioxide. Green roofs can also provide habitats for wildlife; a survey
conducted in Switzerland found 172 separate species on 11 green roofs. Furthermore, green
roofs can enhance air quality by reducing levels of sulfur dioxide by 37%, nitrous acid by 21%,
and dust particles in the atmosphere by 0.2 kg [40, 41]. However, implementing green roofs
can increase installation costs compared to traditional roofs, as additional structural support
may be needed to accommodate the extra weight. Furthermore, ongoing maintenance is
essential to ensure the longevity of the green roof system. Given that a green roof functions as
a garden, knowledgeable individuals must oversee watering, fertilizing, and weeding to sustain
the vegetation over time [41].

AAC Green
Blocks Roofing

Made from industrial waste (fly ash, rice husk,
b etc.)

65%-75% aggregates in AAC

Supports vegetation (roof gardens)

Provides cooling & insulatio

(Advantages: ﬂd\rantages: N
Lightweight, reducing the dead load on buildings. Reduces energy usage by providing cooling
Good insulation properties, reducing electricity in summer and insulation in winter.
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Figure 2. Some example of green materials in construction.
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6. Conclusion

In many developed countries, the construction industry increasingly adopts green materials and
environmental management practices to secure ecological benefits. Governments are actively
establishing regulations aimed at promoting environmental protection within this sector.
Similarly, developing countries are beginning to embrace the use of sustainable materials in
their construction processes. Contractors in these regions are also employing environmental
management practices to ensure compliance with local laws and regulations. By adhering to
these practices, the construction industry can effectively prioritize environmental protection
and sustainability. The growing trend highlights the recognition of the importance of
integrating eco-friendly approaches into construction activities, ultimately contributing to a
more sustainable future.
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