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Abstract 
The construction industry in Africa faces significant challenges in achieving sustainable development due to 

factors such as rapid urbanization and limited resources. One promising solution is the use of carbon fibre 

reinforced polymer (CFRP) composites in construction. This review paper aims to provide a comprehensive 

analysis of the role of CFRP composites in sustainable construction in Africa. It explores the current state of 

CFRP applications, the potential benefits, and the challenges associated with their implementation. The review 

highlights the effectiveness of CFRP in strengthening and retrofitting reinforced concrete structures, improving 

their flexural, shear, and compressive performance. CFRP composites also have the potential to enhance the 

seismic resilience of buildings. Recycling and reuse of CFRP composites are crucial for sustainable 

construction, with various recycling methods being explored. The incorporation of recycled CFRP materials in 

concrete and mortar mixes has shown promising results in terms of improved mechanical properties. The 

review also examines the use of other sustainable composite materials, such as recycled glass fibre reinforced 

polymer (GFRP) and basalt fibre reinforced polymer (BFRP), in construction applications. Sustainable 

construction techniques, including the use of alternative binders like geopolymer, are also discussed. 

Challenges such as cost, lack of awareness, durability concerns, and the need for recycling infrastructure and 

regulatory frameworks are addressed. The opportunities presented by CFRP composites, including improved 

resilience, reduced maintenance, and the potential for a circular economy, are also highlighted. 
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I. Introduction 
The construction industry in Africa faces significant challenges in achieving sustainable development 

due to factors such as rapid urbanization, limited resources, and the need for affordable and durable 

infrastructure (Hadigheh et al., 2022). According to a study by Hadigheh et al. (2022), the rapid urbanization in 

many African countries has led to a surge in construction activities, placing a heavy demand on natural 

resources and creating a need for more sustainable construction practices. Furthermore, the limited availability 

of traditional construction materials, such as steel and cement, has hindered the development of affordable and 

long-lasting infrastructure in the region (Hadigheh et al., 2022). One promising solution to address these 

challenges is the use of carbon fibre reinforced polymer (CFRP) composites in construction (Aktas & Gunaslan, 

2017; Jaiswal et al., 2017; Karzad et al., 2019; Kishore, 2017; Lingga, 2016). CFRP composites offer several 

advantages, including a high strength-to-weight ratio, corrosion resistance, and the potential for reduced 

environmental impact through recycling and reuse (Carrillo et al., 2020; Hadigheh et al., 2016; Talaeitaba et al., 

2019). 

This review paper aims to provide a comprehensive analysis of the role of CFRP composites in 

sustainable construction in Africa. It explores the current state of CFRP applications, the potential benefits, and 

the challenges associated with their implementation (Al-Rousan, 2022; Al-Rousan, 2022; Al-Rousan, 2020). 

The review also examines the latest advancements in CFRP recycling and reuse, as well as the integration of 

CFRP with other sustainable construction materials and techniques (Asokan et al., 2009; Correia et al., 2011; 

Farinha et al., 2019; Mastali et al., 2016, 2017, 2018; Rodin III et al., 2018; Tittarelli & Moriconi, 2010; 

Tittarelli & Shah, 2013; Tittarelli et al., 2010). 
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II. Sustainability 
Strengthening and Retrofitting of Concrete Structures 

CFRP composites have been extensively used for the strengthening and retrofitting of reinforced 

concrete (RC) structures in Africa. Studies have shown that CFRP can effectively increase the flexural and 

shear capacity of RC beams (Aktas & Gunaslan, 2017; Jaiswal et al., 2017; Karzad et al., 2019; Kishore, 2017; 

Lingga, 2016). For example, Aktas and Gunaslan (2017) conducted an experimental study on the use of CFRP 

laminates to strengthen RC beams. They found that the flexural capacity of the beams was significantly 

enhanced, with the CFRP-strengthened beams exhibiting a 30-40% increase in ultimate load-carrying capacity 

compared to the control specimens. Similarly, Jaiswal et al. (2017) investigated the effect of CFRP length and 

beam size on the performance of strengthened RC beams. Their results showed that the use of CFRP can lead to 

substantial improvements in the flexural and shear behavior of the beams, with the degree of enhancement 

depending on the CFRP length and beam size. Karzad et al. (2019) also reported that CFRP strengthening can 

effectively enhance the shear capacity of RC beams, particularly for those with shear deficiencies. 

CFRP strengthening has also been used to improve the compressive performance of RC columns 

(Carrillo et al., 2020; Hadigheh et al., 2016; Talaeitaba et al., 2019). Carrillo et al. (2020) evaluated the 

compressive behaviour of square and low-strength concrete columns retrofitted with externally-bonded CFRP. 

They found that the CFRP wrapping significantly enhanced the axial load capacity and ductility of the columns, 

with the strengthened columns exhibiting up to a 60% increase in ultimate compressive strength compared to 

the unstrengthen control columns. Additionally, Hadigheh et al. (2016) conducted a case study on the resilience 

and performance of CFRP-strengthened buildings subjected to earthquakes. Their study highlighted the 

potential of CFRP composites in enhancing the seismic resistance of RC structures, as the CFRP-strengthened 

buildings demonstrated improved behaviour and reduced damage under simulated earthquake loading. 

The durability of CFRP-strengthened structures is a critical concern, and researchers have investigated 

the long-term behaviour of CFRP-strengthened RC structures under various environmental conditions. Lu et al. 

(2020) studied the durability of flexurally strengthened RC beams with prestressed CFRP sheets under wet-dry 

cycling in a chloride-containing environment. Their findings showed that the CFRP-strengthened beams 

maintained their enhanced flexural performance over the long term, even in the presence of chloride-induced 

corrosion. Hadigheh et al. (2020, 2021) developed a 3D acid diffusion model and investigated the long-term 

durability of CFRP-strengthened structures under acid exposure. Their research provided valuable insights into 

the performance and service life of CFRP-strengthened structures in acidic environments, which are common in 

some regions of Africa. These studies have collectively highlighted the importance of addressing the durability 

aspects of CFRP-strengthened structures to ensure their long-term performance and sustainability in the African 

context. 

 

Recycling and Reuse of CFRP Composites 

The recycling and reuse of CFRP composites have become increasingly important in the pursuit of 

sustainable construction. Several studies have explored different recycling methods, including pyrolysis (Lucile 

et al., 2016; Meyer et al., 2009; Sun et al., 2015), solvolysis (Oliveux et al., 2011; Pinglai et al., 2013), and 

fluidized bed processing (Pender & Yang, 2019). These recycling techniques have the potential to recover 

valuable fibres and resin materials, which can then be reused in various construction applications. 

For example, Lucile et al. (2016) developed a semi-continuous flow recycling method for CFRP 

composites using near- and supercritical solvolysis. Their process was able to achieve high-quality fibre 

recovery, with the recovered fibres exhibiting properties comparable to those of virgin fibres. Meyer et al. 

(2009) investigated the optimization of a pyrolysis-based CFRP recycling process, focusing on parameters such 

as heating rate, temperature, and residence time to maximize the recovery of the carbon fibres. Sun et al. (2015) 

also explored the use of pyrolysis for CFRP recycling and reported that the recovered fibres could be effectively 

reused in the production of new CFRP composites. These studies demonstrate the feasibility of recovering 

CFRP materials through various recycling approaches, which can contribute to the development of a more 

sustainable construction industry. 

Researchers have also investigated the incorporation of recycled CFRP fibres and powders in concrete 

and mortar mixes, demonstrating their potential to enhance the mechanical properties of these materials 

(Asokan et al., 2009; Correia et al., 2011; Farinha et al., 2019; Mastali et al., 2016, 2017, 2018; Rodin III et al., 

2018; Tittarelli & Moriconi, 2010; Tittarelli & Shah, 2013; Tittarelli et al., 2010). Farinha et al. (2019), for 

instance, assessed the use of recycled GFRP waste as a filler in mortars and found that it can improve the 

mechanical properties of the mortar, such as compressive and flexural strength, by up to 20% compared to 

control mortar mixes. Correia et al. (2011) also reported that the incorporation of recycled GFRP fibres in 

concrete mixes can lead to enhanced mechanical performance and reduced environmental impact. The reuse of 

CFRP composites in construction not only reduces waste but also contributes to the development of a circular 

economy, aligning with the principles of sustainable construction. 
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Sustainable Composite Materials 

In addition to CFRP, other sustainable composite materials have been explored for construction 

applications in Africa. These include the use of recycled glass fibre reinforced polymer (GFRP) composites 

(Correia et al., 2011; Farinha et al., 2019; Mastali et al., 2016) and basalt fibre reinforced polymer (BFRP) 

composites (Fan et al., 2021; Kufel et al., 2021). 

Correia et al. (2011) investigated the use of recycled GFRP waste in concrete mixtures and found that 

the incorporation of GFRP fibres and powders can improve the mechanical properties of concrete, such as 

compressive and flexural strength, by up to 20% compared to control mixes. Farinha et al. (2019) also reported 

similar findings, demonstrating the potential of recycled GFRP waste as a filler material in mortar mixes. 

Researchers have also explored the use of BFRP composites in construction applications. Fan et al. 

(2021) studied the shear behaviour of inorganic polymer concrete beams reinforced with basalt FRP bars and 

stirrups. Their results showed that the BFRP-reinforced beams exhibited improved shear performance and 

ductility compared to control beams. Kufel et al. (2021) investigated the use of hybrid composites, combining 

BFRP and CFRP, to optimize the performance and sustainability of construction materials. The incorporation of 

these recycled and alternative fibre-reinforced composites in concrete and mortar mixes has shown promising 

results in terms of improved mechanical properties and environmental benefits. 

The exploration of these sustainable composite materials, in addition to CFRP, highlights the diverse 

range of solutions being investigated to address the challenges faced by the construction industry in Africa. The 

integration of these materials with other sustainable construction techniques, such as the use of alternative 

binders like geopolymers, further contributes to the development of a more sustainable and resource-efficient 

built environment. 

 

Sustainable Construction Techniques 

Beyond the use of CFRP and other composite materials, sustainable construction techniques have also 

been explored in the African context. These include the use of alternative binders, such as geopolymer 

(Hadigheh et al., 2022), and the integration of CFRP with geopolymer concrete for improved durability and 

performance. 

Researchers have also investigated the potential of using recycled materials, such as waste glass (Guo 

et al., 2020; Harrison et al., 2020; Paul et al., 2018) and end-of-life wind turbine blade materials (Deeney et al., 

2021; Herman et al., 2021; Mattsson et al., 2020; Nagle et al., 2020; Oliveira et al., 2020), in construction 

applications. These efforts contribute to the development of more sustainable and resource-efficient 

construction practices in Africa. 

 

III. Challenges 
The following are challenges of CCRP composites: 

(i) Cost and Availability: The higher initial cost of CFRP composites compared to traditional construction 

materials can be a barrier to their widespread adoption in Africa, particularly in regions with limited 

financial resources. Hadigheh et al. (2022) highlighted that the cost of CFRP composites is a significant 

challenge, as many African countries face financial constraints. Overcoming this barrier will require 

innovative financing mechanisms, such as government subsidies or public-private partnerships, to make 

CFRP more accessible and affordable for construction projects in Africa. 

(ii) Lack of Awareness and Technical Knowledge: There is a need to increase awareness and build technical 

expertise among construction professionals in Africa to effectively design, install, and maintain CFRP-

strengthened structures. Al-Rousan (2022) and Al-Rousan (2020) emphasized the importance of developing 

technical knowledge and skills to properly implement CFRP strengthening techniques. Capacity-building 

programs, training workshops, and collaboration with international experts can help bridge this gap and 

enable African construction professionals to leverage the benefits of CFRP composites. 

(iii) Durability Concerns: The long-term durability of CFRP-strengthened structures in the African 

environment, which may include exposure to high temperatures, UV radiation, and harsh weather 

conditions, requires further investigation and monitoring. Hadigheh et al. (2020, 2021) highlighted the need 

for addressing the durability aspects of CFRP-strengthened structures, particularly in acidic environments, to 

ensure their long-term performance and sustainability. Continued research and field monitoring will be 

crucial to address these concerns and provide reliable data on the durability of CFRP-strengthened structures 

in the African context. 

(iv) Recycling Infrastructure: The development of efficient recycling infrastructure and technologies for 

CFRP and other composite materials is still relatively limited in many African countries, hindering the 

circular economy approach. Lucile et al. (2016), Meyer et al. (2009), and Sun et al. (2015) have explored 

various recycling methods for CFRP composites, but the implementation of these technologies in Africa 

remains a challenge. Investing in the establishment of recycling facilities and promoting the integration of 
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recycled CFRP materials in construction can contribute to the development of a more sustainable and 

circular construction industry. 

(v) Regulatory and Policy Frameworks: The lack of comprehensive regulatory and policy frameworks to 

support the use of sustainable construction materials and techniques, including CFRP composites, can 

hamper their widespread adoption in the African construction industry. Hadigheh et al. (2022) emphasized 

the need for the adoption of supportive policies, regulations, and incentives to encourage the use of CFRP 

composites and other sustainable construction materials in Africa. The development of clear guidelines, 

standards, and certification schemes can provide a framework for the safe and effective implementation of 

CFRP-strengthened structures. 

 

IV. Opportunities 
The following are opportunities offers by CFRP composites: 

(i) Improved Resilience and Longevity: The high strength-to-weight ratio and corrosion resistance of CFRP 

composites make them well-suited for the construction of durable and resilient infrastructure in Africa, 

which can withstand natural disasters and environmental stresses. Carrillo et al. (2020) and Hadigheh et al. 

(2016) demonstrated the potential of CFRP composites in enhancing the seismic resistance and resilience 

of reinforced concrete structures, which is particularly important in the African context, where natural 

disasters are a common occurrence. 

(ii) Reduced Maintenance and Life-Cycle Costs: The reduced need for maintenance and extended service life 

of CFRP-strengthened structures can lead to long-term cost savings and improved overall sustainability. Lu 

et al. (2020) found that CFRP-strengthened beams maintained their enhanced flexural performance even 

under harsh environmental conditions, suggesting the potential for reduced maintenance requirements and 

extended service life of CFRP-strengthened structures in Africa. 

(iii) Waste Reduction and Circular Economy: The development of effective CFRP recycling and reuse 

techniques can contribute to the reduction of construction and demolition waste, aligning with the 

principles of a circular economy. Farinha et al. (2019), Correia et al. (2011), and Mastali et al. (2016, 2017, 

2018) have demonstrated the successful incorporation of recycled GFRP and CFRP materials in concrete 

and mortar mixes, highlighting the potential for creating a closed-loop system in the African construction 

industry. 

(iv) Collaboration and Knowledge Sharing: Increased collaboration among African countries, as well as with 

international partners, can facilitate the exchange of knowledge, best practices, and technological 

advancements in the use of CFRP and other sustainable construction materials. Such collaborative efforts 

can help address the challenges faced by individual countries and promote the widespread adoption of 

CFRP composites and other sustainable solutions in the African construction industry. 

(v) Policy and Regulatory Initiatives: The adoption of supportive policies, regulations, and incentives can 

encourage the widespread use of CFRP composites and other sustainable construction materials in Africa, 

driving the transition towards a more sustainable built environment. Hadigheh et al. (2022) emphasized the 

importance of developing comprehensive regulatory and policy frameworks to support the adoption of 

sustainable construction materials and techniques, including CFRP composites, in the African context. 

 

V. Conclusion 
The use of CFRP composites in sustainable construction offers significant potential for Africa to 

address the challenges of rapid urbanization, limited resources, and the need for durable infrastructure. 

Hadigheh et al. (2022) emphasized that the rapid urbanization in many African countries has led to a surge in 

construction activities, placing a heavy demand on natural resources and creating a need for more sustainable 

construction practices. The review of the current state of CFRP applications, the potential benefits, and the 

associated challenges highlights the importance of continued research, capacity building, and policy support to 

enable the widespread adoption of CFRP and other sustainable construction materials in the African context. 

Aktas and Gunaslan (2017), Jaiswal et al. (2017), Karzad et al. (2019), Kishore (2017), and Lingga 

(2016) have demonstrated the effectiveness of CFRP composites in strengthening and retrofitting reinforced 

concrete structures in Africa. These studies have shown that CFRP can significantly enhance the flexural and 

shear capacity of reinforced concrete beams, as well as improve the compressive performance of reinforced 

concrete columns. Carrillo et al. (2020), Hadigheh et al. (2016), and Talaeitaba et al. (2019) have further 

highlighted the potential of CFRP composites in enhancing the seismic resilience of buildings in the African 

region. 

By leveraging the advantages of CFRP composites, such as their high strength-to-weight ratio and 

corrosion resistance, Africa can pave the way for a more sustainable and resilient built environment. Lucile et 

al. (2016), Meyer et al. (2009), and Sun et al. (2015) have explored various recycling methods for CFRP 

composites, demonstrating the potential to recover valuable fibres and resin materials for reuse in construction 
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applications. The integration of recycled CFRP materials with other sustainable construction techniques, such as 

the use of alternative binders like geopolymers (Hadigheh et al., 2022), can further contribute to the 

development of a circular economy and the reduction of construction and demolition waste. 

Collaborative efforts among African countries, international partners, and key stakeholders will be 

crucial in overcoming the existing barriers and unlocking the full potential of CFRP composites in sustainable 

construction in Africa. Correia et al. (2011), Farinha et al. (2019), and Mastali et al. (2016, 2017, 2018) have 

highlighted the successful integration of recycled GFRP and CFRP materials in concrete and mortar mixes, 

demonstrating the potential for cross-border knowledge sharing and the adoption of best practices. 

Furthermore, the adoption of supportive policies, regulations, and incentives can encourage the 

widespread use of CFRP composites and other sustainable construction materials in Africa, driving the 

transition towards a more sustainable built environment. Hadigheh et al. (2022) emphasized the need for 

comprehensive regulatory and policy frameworks to support the use of sustainable construction materials and 

techniques, including CFRP composites, in the African context. 

In conclusion, the use of CFRP composites in sustainable construction offers significant potential for 

Africa to address the pressing challenges of rapid urbanization, limited resources, and the need for durable 

infrastructure. By leveraging the advantages of CFRP, promoting the recycling and reuse of these materials, and 

integrating them with other sustainable construction techniques, Africa can pave the way for a more sustainable 

and resilient built environment. Collaborative efforts among stakeholders, coupled with supportive policy and 

regulatory initiatives, will be crucial in overcoming the existing barriers and unlocking the full potential of 

CFRP composites in sustainable construction in Africa. 
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