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Abstract

As global initiatives against climate change gain momentum, the construction sector is increasingly
acknowledged for its significant contributions to carbon emissions and its potential for substantial
environmental impact mitigation. This paper offers a detailed review of decarbonisation strategies within
the construction industry, highlighting innovative materials, technologies, and practices that can
markedly reduce the sector's carbon footprint. It delves into using recycled materials, engineered wood
products, and advanced carbon capture technologies, crucial for reducing embodied carbon in
construction materials. Additionally, the review examines the implementation of sustainable building
design principles, including energy efficiency, passive design strategies, and the integration of
renewable energy sources to minimise operational carbon emissions. The paper identifies primary
challenges by systematically exploring current practices and emerging trends. It provides insights into
future research avenues, underscoring the necessity for cross-sector collaboration to achieve significant
emission reductions. This paper aims to serve as a valuable resource for construction industry
stakeholders by offering a roadmap towards a more sustainable and low-carbon future.
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1. Introduction

The construction sector stands as a cornerstone of economic development. However, it is
simultaneously one of the significant contributors to global carbon emissions, accounting for
approximately 39% of energy-related carbon dioxide emissions worldwide[1-3]. This alarming statistic
underscores the urgent need for effective decarbonisation strategies within the sector. The importance
of transitioning towards a sustainable construction industry cannot be overstated to combat climate
change and ensure environmental, economic, and social sustainability for future generations.

Decarbonisation in the construction sector encompasses a multifaceted approach that addresses
various stages of the construction lifecycle, from design and materials selection to construction practices
and building operation. Sustainable building design principles, such as energy efficiency, passive design
strategies, and renewable energy integration, are pivotal in reducing operational carbon emissions by
minimising energy consumption and promoting clean energy sources. Additionally, the procurement of
low-carbon materials, including recycled materials, engineered wood products, and alternative
cementitious materials, can significantly reduce embodied carbon emissions associated with
construction projects[4,5]. However, despite the clear imperative to decarbonise the construction
industry, several challenges and barriers hinder progress towards this goal.

This paper comprehensively reviews current and emerging decarbonisation strategies in the
construction sector. It explores innovative technologies, processes, and materials that aim to reduce



carbon footprints alongside policy frameworks and economic incentives that encourage sustainable
practices. The paper aims to identify best practices and challenges by examining case studies and
current research, offering a roadmap for stakeholders to foster a more sustainable construction industry.

Furthermore, the review highlights the role of cross-sector collaboration in achieving significant
reductions in emissions, emphasising the need for an integrated approach that includes policymakers,
industry leaders, and researchers. The ultimate goal of this paper is to catalyse action and inspire
continued innovation in the construction sector, thereby contributing to a resilient and sustainable future.
By thoroughly analysing decarbonisation strategies, this paper seeks to serve as a valuable resource
for those committed to building a sustainable future in the construction industry.

The primary objective of this review is to examine and evaluate various decarbonisation strategies within
the construction sector. This review aims to identify effective pathways toward reducing carbon
emissions in construction activities by critically analysing existing practices and emerging trends.
Furthermore, it seeks to provide insights into the potential benefits and challenges of different
decarbonisation approaches, ultimately contributing to informed decision-making and policy
development.

3. Principles of Sustainable Building Desing

Sustainable building design aims to minimise the negative environmental impacts of buildings through
efficiency and moderation in the use of materials, energy, and development space (see Table 1).
Sustainable design advocates for an understanding that human actions have far-reaching impacts,
encouraging a harmonious relationship between architecture and the environment. Key principles of
sustainable design include:

Table 1. Sustainable building aims

Energy Efficiency Buildings are designed to consume minimal energy for heating, cooling,
lighting, and other operations. This can be achieved through better insulation,
high-efficiency windows, and energy-efficient appliances and systems.

Water Sustainable buildings use fixtures and landscaping that consume less water.
Conservation Rainwater harvesting and greywater recycling are often incorporated to
reduce water usage further.

Material This involves using sustainably sourced, recycled, or produced materials with
Sustainability minimal environmental impact. The aim is also to select materials that offer
durability and recyclability.

Quality and Sustainable design also focuses on creating indoor environments that
Comfort enhance occupant comfort and health, using natural light, improving air
quality, and employing non-toxic building materials.

Sustainable building design is crucial for reducing the ecological footprint of the construction industry.
By adopting sustainable design principles and techniques (see Table 2), buildings can contribute to
environmental conservation, economic savings, and improved human health and productivity. As
technology advances and awareness grows, these practices are expected to become more prevalent,
pushing the construction industry toward more sustainable and responsible practices.

Table 2. Techniques in Sustainable Building Design

Passive Design These are employed to take advantage of the local climate. Buildings are

Techniques positioned to maximise natural light and shade, reducing energy reliance on
artificial lighting and temperature control.

Active Systems These include solar panels, wind turbines, and other renewable energy
sources that reduce dependence on non-renewable energy sources.




Smart Technology | Integrating advanced technologies like smart thermostats and automated
lighting systems helps monitor and manage building operations efficiently,
reducing energy and resource wastage.

Evaluating of typically involves assessing metrics such as energy efficiency ratings, water
performance usage, indoor environmental quality, and carbon emissions. Tools like the
Leadership in Energy and Environmental Design (LEED), the Building
Research Establishment Environmental Assessment Method (BREEAM), and
others provide frameworks for measuring and certifying sustainability levels in
building projects.

4, Low-Carbon Materials
4.1 Recycled Materials

Incorporating recycled materials in construction marks a crucial shift toward sustainability within the
industry. These materials, such as recycled concrete aggregates, reclaimed wood, recycled steel, and
glass, not only help divert waste from landfills but also reduce the environmental damage from resource
extraction, manufacturing, and disposal. Using recycled materials significantly reduces energy and
resource consumption during production, thus lowering greenhouse gas emissions. Moreover, recycling
extends material lifespans, alleviating natural resource strain and promoting conservation and
sustainable resource management. By reducing the need for raw material extraction, this approach
lessens the ecological disruption from mining and quarrying activities, supporting a circular economy
and fostering an environmentally responsible approach to material use. Figure 2 illustrates the concept
of closing materials and component loops in buildings, emphasising a circular approach to construction
and resource utilisation. This involves designing buildings to maximise material reuse, recycling, and
repurposing, creating a more sustainable and environmentally friendly construction industry.
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Figure 2: lllustration of closing materials and components loops in buildings, highlighting circular
construction practices. Adapted from Ref.[6] under CCBY 4.0.

Despite their environmental benefits, integrating recycled materials into construction faces challenges.
High-quality recycled materials in sufficient quantities require well-organised collection, processing, and
distribution systems. Additionally, ensuring these materials' consistent quality and performance is
difficult, as variations in their composition and processing can affect their suitability for specific



applications. Addressing these issues requires stringent quality control, standardised specifications, and
collaboration among stakeholders throughout the supply chain to ensure the reliable use of recycled
materials in construction projects.

6. Resources Efficiency strategies in Circular Economy Approaches

Resource efficiency strategies in the construction sector aim to optimise resource use throughout the
building lifecycle, from design and construction to operation and demolition. These strategies focus on
minimising material waste, maximising material performance, and optimising resource utilisation to
achieve sustainable outcomes. Key resource efficiency strategies include:

o Design for Deconstruction: Designing buildings and components with disassembly and end-of-life
recycling in mind, enabling easier separation and recovery of materials during demolition or
renovation.

e Modular Construction: Prefabricating building components offsite in a controlled environment,
allowing for efficient use of materials, reduced waste generation, and accelerated construction
timelines.

e Lean Construction Practices: Implementing lean construction principles to minimise waste,
streamline workflows, and optimise resource use throughout the construction process.

e Life Cycle Assessment (LCA): Conducting life cycle assessments to evaluate the environmental
impacts of materials and construction processes, informing decision-making and identifying
opportunities for resource efficiency improvements[7,8].

e Closed-Loop Systems: Implementing closed-loop systems for material recovery and recycling,
where materials are returned to the production cycle at the end of their useful life, reducing the need
for natural resource extraction and minimising waste generation.

By adopting these resource efficiency strategies, stakeholders can enhance the sustainability and

resilience of the construction sector, reduce environmental impacts, and contribute to the transition

towards a circular economy.

7. Challenges and Future Directions

The transition towards a sustainable and decarbonised construction sector is accompanied by many
challenges that necessitate careful consideration and strategic action to overcome. Among these
challenges are technological barriers, which impede the adoption of low-carbon technologies and
materials in construction. Overcoming these limitations requires developing and scaling up innovative
solutions such as carbon capture and storage (CCS) in construction materials, advanced energy-
efficient technologies, and sustainable building materials[9,10]. Furthermore, economic viability poses
a significant barrier, as upfront costs associated with decarbonisation measures may deter stakeholders
from investment. Demonstrating decarbonisation's long-term cost savings and benefits is essential for
overcoming these economic barriers and driving widespread adoption. Inadequate regulatory and policy
frameworks hinder progress by failing to provide clear incentives or support mechanisms for sustainable
construction practices. Establishing robust policy frameworks, building codes, and incentives prioritising
energy efficiency, carbon reduction, and sustainable building practices is crucial for driving systemic
change. Additionally, a lack of awareness and understanding of decarbonisation strategies among
stakeholders can impede progress[11]. Educating and raising awareness about the benefits and
feasibility of decarbonisation and providing training and capacity-building initiatives are essential for
fostering a culture of sustainability within the industry.

Several key directions offer opportunities for innovation and progress in advancing decarbonisation
efforts in the near future. Continued research, development, and innovation investment are crucial for
developing new low-carbon materials, technologies, and construction methods and improving existing
solutions' performance and efficiency [12,13s]. Collaboration among stakeholders is also essential for
driving collective action and achieving meaningful progress. Building partnerships and sharing
knowledge, resources, and best practices can accelerate innovation and scale up sustainable solutions.
Adopting an integrated approach to design, planning, and decision-making that considers



environmental, social, and economic factors throughout the project lifecycle can help optimise resource
use, reduce waste, and minimise carbon emissions in construction projects.

Furthermore, embracing circular economy principles offers opportunities for transforming the
construction sector into a more sustainable and regenerative industry[14-18]. By transitioning to a
circular economy model, stakeholders can reduce their environmental footprint and create value from
waste streams, thus contributing to a more sustainable and decarbonised construction sector. In
conclusion, addressing these challenges and embracing future directions is essential for realising a
sustainable and decarbonised construction sector that meets the needs of present and future
generations.

8. Conclusion

There are opportunities for innovation, collaboration, and transformation in the construction sector.
Continued investment in research and development, coupled with collaborative partnerships and
knowledge-sharing initiatives, will be essential for advancing decarbonisation efforts and scaling up
sustainable solutions. Integrated design and planning approaches prioritising environmental, social, and
economic considerations throughout the project lifecycle will enable holistic and sustainable outcomes.
Embracing circular economy principles and transitioning towards a regenerative construction model will
enhance resource efficiency and minimise waste generation in the built environment. By embracing the
challenges and opportunities outlined in this review, we can pave the way for a more resilient, equitable,
and environmentally responsible built environment that meets the needs of present and future
generations. Together, we can build a sustainable future for all.
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