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Abstract: This study provides a holistic analysis of the economic and environmental impacts of green building 
materials, with a particular focus on facade engineering. Utilizing computer technology and project management 
methodologies, the research investigates a variety of sustainable materials used in facade construction, comparing 
their cost-effectiveness, energy efficiency, and environmental footprint. The findings contribute to a better 
understanding of the trade-offs and synergies between economic feasibility and environmental sustainability in green 
facade design. This research could aid decision-making in the construction industry, promoting a broader adoption of 
green building materials in facade engineering. 
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1. INTRODUCTION 

Green building materials have emerged as a significant trend in the construction industry, notably in facade 

engineering, in response to increasing environmental concerns and the global drive towards sustainability. These 

materials are characterized by their energy efficiency, low environmental impact, and capacity to promote healthier 

living conditions [1]. 

Facade engineering, a critical aspect of building design, significantly influences the overall energy efficiency and 

sustainability of a structure. Facades serve as the interface between the building's interior and the external 

environment, playing a crucial role in controlling heat gain, light penetration, and overall energy consumption [2]. The 

selection of materials for facade construction, therefore, directly affects the environmental performance of the building 

[3]. 

The integration of green building materials in facade engineering is essential due to their potential to enhance energy 

efficiency, reduce environmental footprint, and contribute to the overall sustainability of the building [4]. By employing 

these materials, the construction industry can address a range of environmental challenges while also delivering 

economic advantages, as green buildings tend to have lower operating costs and higher market value [5]. 

This backdrop highlights the importance of a comprehensive analysis of the economic and environmental impacts of 

green building materials in facade engineering, serving as the motivation for this review. 

1.1 Objective 

The primary objective of this review is to critically examine the economic and environmental impacts of green building 

materials in facade engineering. This involves reviewing the most recent and relevant literature to ascertain the cost-

effectiveness, energy efficiency, and environmental footprint of these materials. By assessing the direct and indirect 

economic implications alongside the environmental effects of green building materials, this study aims to present a 

comprehensive understanding of their role and potential in facade engineering. 

1.2 Research Gap 
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Despite the growing interest in green building materials, there remains a gap in the comprehensive assessment of 

both their economic and environmental impacts specifically in the context of facade engineering. Much of the existing 

literature focuses either on the economic aspect or the environmental impact of these materials, without adequately 

linking the two [6]. Moreover, few studies have specifically addressed these impacts within the specialized field of 

facade engineering, indicating a need for a more targeted analysis [7]. This review attempts to address this gap by 

bringing together these two critical dimensions and applying them specifically to facade engineering. 

2. LITERATURE REVIEW 

2.1 Green Building Materials 

Green building materials have been increasingly recognized for their potential in enhancing sustainability in the 

construction industry. Various types of these materials have been explored and utilized in facade engineering, with 

distinct economic and environmental implications. 

Firstly, the use of bio-based materials has gained substantial attention. Bio-based materials such as wood, straw 

bales, and bamboo have been used as facade materials owing to their renewability, carbon neutrality, and 

biodegradability [8]. Economically, these materials have proven cost-effective, owing to their low production costs and 

the reduced need for complex, energy-intensive processing methods. Environmentally, their production and use lead 

to lower carbon emissions compared to traditional facade materials [9]. 

Secondly, recycled materials such as recycled concrete, glass, and metals are gaining popularity in facade 

engineering. These materials minimize the demand for virgin resources, reduce waste, and cut down energy use 

associated with manufacturing [10]. Their economic benefits lie in their potential to reduce material costs, and in some 

instances, operational costs due to improved energy efficiency [11]. 

Thirdly, high-performance materials such as insulated glazing and solar control films are being increasingly used in 

facades. These materials, while relatively more expensive, offer significant energy efficiency benefits, leading to 

substantial operational cost savings over time. They also contribute to mitigating the urban heat island effect and 

reducing greenhouse gas emissions [12]. 

Lastly, the development and use of nanomaterials in facades have opened up new possibilities. Materials such as 

nano-insulation materials and self-cleaning coatings offer exceptional thermal performance and reduced maintenance 

needs [13]. While these materials can be costlier initially, they offer potential economic benefits through enhanced 

energy efficiency and reduced maintenance costs. The environmental benefits of these materials, however, are still 

under investigation, highlighting a need for further research [14]. 

In summary, the diverse range of green building materials available offers various possibilities for enhancing the 

economic and environmental performance of facades. The selection of these materials should take into account both 

the immediate costs and long-term benefits, balancing economic considerations with environmental impact. The 

following table (Table 1) summarizes the economic and environmental implications of various types of green building 

materials utilized in facade engineering. 

Table 1: Economic and Environmental Implications of Green Building Materials in Facade Engineering 

Material Type Economic Implications Environmental Implications 

Bio-Based Materials 

(e.g., wood, straw bales, 

bamboo) 

Low production costs, reduced need for 

complex processing methods 

Lower carbon emissions, renewable, 

biodegradable 

Recycled Materials (e.g., 

recycled concrete, glass, 

metals) 

Potential to reduce material costs and in 

some cases operational costs 

Minimize demand for virgin resources, 

reduce waste, lower energy use in 

manufacturing 

High-Performance 

Materials (e.g., insulated 

glazing, solar control 

films) 

Higher initial costs but substantial 

operational cost savings over time due to 

improved energy efficiency 

Mitigate the urban heat island effect, 

reduce greenhouse gas emissions 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 2, pp 2805-2814 

2807 

Material Type Economic Implications Environmental Implications 

Nanomaterials (e.g., 

nano-insulation 

materials, self-cleaning 

coatings) 

Higher initial costs but potential 

economic benefits through enhanced 

energy efficiency and reduced 

maintenance costs 

Exceptional thermal performance and 

reduced maintenance needs, 

environmental benefits still under 

investigation 

2.2 Economic Impact of Green Building Materials 

Green building materials hold considerable economic implications for the construction industry and, specifically, for 

facade engineering. Various research studies have investigated these economic impacts from different perspectives. 

The cost-effectiveness of green building materials is a focal point of numerous studies. Bio-based materials like wood, 

straw bales, and bamboo typically have lower production costs due to their renewability and the absence of complex 

processing methods, making them cost-effective alternatives for traditional facade materials [15]. Similarly, recycled 

materials such as concrete, glass, and metals reduce costs associated with procuring virgin resources and waste 

disposal [16]. High initial costs for high-performance materials and nanomaterials are often offset by their exceptional 

thermal performance and reduced maintenance needs, providing long-term economic benefits [17]. 

Table 2: Economic Implications of Green Building Materials in Facade Engineering 

Material Category Initial Cost Long-term Savings Estimated Payback Period 

Bio-based Low Medium Short to Medium 

Recycled Medium High Short 

High-performance High Very High Medium to Long 

Nanomaterials Very High Very High Long 

Operational savings derived from green building materials also contribute significantly to their economic value. High-

performance materials, like insulated glazing and solar control films, provide substantial energy efficiency benefits 

leading to operational cost savings [18]. Similarly, nanomaterials with unique properties like self-cleaning coatings 

can reduce maintenance needs and associated costs over time [19]. 

The long-term benefits of green building materials are another area of economic interest. Although some materials 

may have higher initial costs, their benefits in terms of reduced operational and maintenance costs often make them 

economically viable over time [20]. Furthermore, the use of these materials can contribute to the building's overall 

value, considering the growing trend towards sustainable and energy-efficient buildings. 

However, it is worth noting that the economic impacts of green building materials are not entirely positive. There can 

be challenges in sourcing and installing these materials, potential higher upfront costs, and a need for specialized 

knowledge and skills in handling these materials, which could increase costs in some cases [21]. 

In conclusion, the economic impacts of green building materials in facade engineering are multi-faceted, with both 

potential benefits and challenges. Further research is needed to continue refining cost estimates and exploring 

strategies to maximize the economic benefits of these materials. 

2.3 Environmental Impact Analysis 

Green building materials' environmental impacts have become a significant research area, with many studies focusing 

on their potential to mitigate the negative environmental effects associated with traditional building materials in facade 

engineering. 

Bio-based materials, such as wood, straw bales, and bamboo, are generally acknowledged for their environmental 

benefits. These materials are renewable, carbon-neutral, and biodegradable, thus contributing to lower carbon 

emissions compared to traditional facade materials [22]. The use of these materials also promotes biodiversity and 

sustainable forest management practices. 
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The use of recycled materials, including concrete, glass, and metals, reduces the demand for virgin resources and 

the associated energy-intensive extraction processes [16]. These materials help reduce waste generation, landfill 

usage, and the energy use related to manufacturing new materials, therefore lowering the associated greenhouse 

gas emissions. 

High-performance materials like insulated glazing and solar control films can contribute to the mitigation of the urban 

heat island effect and reduce greenhouse gas emissions through improved energy efficiency [23]. These materials 

can significantly lower a building's energy consumption, leading to decreased carbon emissions. 

The environmental implications of nanomaterials, however, are complex. While materials like nano-insulation and 

self-cleaning coatings offer exceptional performance and can reduce energy consumption, concerns have been raised 

about their production processes and potential end-of-life issues. There's a need for more research to fully understand 

the environmental impact of these innovative materials [24]. 

To better understand the environmental implications of green building materials, it is crucial to adopt a lifecycle 

assessment approach (see Figure 1). This approach considers the full environmental impact of these materials, from 

sourcing and manufacturing to usage and disposal. 

 

Figure 1: Lifecycle Assessment of Green Building Materials in Facade Engineering 

Despite the aforementioned environmental benefits, it is essential to consider that the sourcing, manufacturing, and 

disposal processes for green building materials can also pose environmental challenges. A lifecycle assessment 

approach is necessary to understand these materials' comprehensive environmental impact, from production to 

disposal. 

In summary, the environmental impacts of green building materials are multifaceted. While they hold substantial 

potential to reduce the environmental footprint of facade engineering, further research is needed to optimize their 

benefits and address potential challenges. 

2.4 Facade Engineering and Sustainability 

Facade engineering plays a crucial role in sustainable construction, as the facade is a significant element of a 

building's overall energy performance. The choice of materials in facade engineering is critical, as it directly impacts 

a building's energy consumption, carbon footprint, and the overall environmental sustainability of the construction 

[25]. 
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Figure 2: Conceptual Flowchart Representing the Role of Green Building Materials in Facade Engineering and 

Sustainability. 

Green building materials have been recognized for their potential to improve the environmental sustainability of 

facades. Bio-based and recycled materials, for instance, can reduce the environmental impact related to resource 

extraction, waste generation, and carbon emissions. Furthermore, the integration of these materials into facades can 

also contribute to the aesthetic and biophilic design, which could promote wellbeing and productivity among the 

building occupants [26]. 

High-performance materials, such as insulated glazing and solar control films, have a substantial role in reducing 

energy consumption, thus mitigating greenhouse gas emissions. These materials can help maintain the indoor 

thermal comfort, reducing the need for mechanical heating and cooling, leading to energy efficiency and sustainability 

[27]. 

Nanomaterials, despite their potential environmental concerns, offer high performance and can contribute to energy 

savings and overall sustainability when integrated into facades. Nano-insulation materials, for example, can 

significantly enhance thermal insulation performance, reducing energy demand [28]. 

Green building certifications, such as LEED, BREEAM, and Green Star, encourage the use of green building materials 

in facade engineering. These frameworks recognize the importance of sustainable facade design and materials, 

influencing industry practices and promoting sustainability [3]. 

However, it is essential to note that the implementation of green building materials in facade engineering is not without 

challenges. These challenges include higher upfront costs, limited availability, and technical difficulties related to the 

installation and maintenance of these materials [29]. Research and development are needed to address these 

challenges and to fully realize the potential of green building materials in facade engineering. 

In summary, facade engineering plays a crucial role in sustainable construction, and the utilization of green building 

materials can significantly contribute to this goal. Despite the challenges, with further research and development, the 

incorporation of green building materials in facade engineering can become a norm, leading to more sustainable and 

environmentally friendly constructions. 

3. METHODOLOGY 

3.1 Selection Criteria 
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The selection of articles, studies, and data for this review followed a strict criterion to ensure the relevance and quality 

of the materials reviewed. First, we prioritized peer-reviewed articles published in reputable journals within the field 

of environmental science, economics, and building engineering. This was to ensure that the research and findings 

discussed were reliable and met rigorous academic standards. Second, we primarily focused on articles published 

after 2018 to ensure the currency of the information. This allowed us to incorporate the latest developments in the 

field, considering the rapidly evolving nature of green technologies and sustainable practices in facade engineering. 

Lastly, the articles selected were required to specifically discuss the environmental and economic impact of green 

building materials used in facade engineering. 

3.2 Analysis Approach 

The analysis of the selected materials was conducted systematically to provide an objective and comprehensive 

overview of the field. The reviewed materials were categorized based on their main focus: the type of green building 

materials discussed, their application in facade engineering, and the environmental and economic impacts reported. 

To interpret the materials, we synthesized the findings, looking for trends, commonalities, and disparities in the 

reported impacts. We also considered the methodologies of the studies, as well as the scale and context of their 

findings, to ensure a balanced interpretation of the results. Throughout the analysis, our focus remained on identifying 

significant insights that could contribute to the overall understanding of the economic and environmental implications 

of using green building materials in facade engineering. The interpretation of the results was also guided by our 

research objective and the identified research gaps, ensuring the relevance and significance of our review. 

4. FINDING AND DISCUSSION 

4.1 Summary of Findings 

Our comprehensive review of the literature has unveiled a variety of economic and environmental impacts associated 

with the use of green building materials in facade engineering. A significant finding from our review is the potential for 

green building materials to lower lifecycle costs of buildings. Various studies we examined suggest that despite the 

higher initial costs associated with these materials, the long-term benefits through reduced energy usage, decreased 

maintenance costs, and increased building lifespan make them economically viable [30]. 

On the environmental front, the literature consistently indicates that green building materials can significantly reduce 

the carbon footprint of buildings. The materials' production processes tend to be less carbon-intensive, and their 

application in facades has been linked to improved energy efficiency, resulting in lower greenhouse gas emissions 

over the building's lifecycle [27]. 

We also found numerous studies that highlighted the importance of context in determining the most suitable green 

building materials for a particular facade project. Factors such as local climate, availability of materials, and specific 

building requirements play a significant role in determining the actual economic and environmental impacts [3]. 

The role of green building materials in enhancing indoor environmental quality was another recurring theme in our 

review. Materials used in facade engineering, such as low-VOC paints, high-performance glazing, and natural 

ventilation systems, can contribute to healthier indoor environments, leading to increased occupant productivity and 

well-being [21],[14]. 

4.2 Interpretation and Discussion 

The findings from the reviewed literature present insightful implications for our understanding of the economic and 

environmental impacts of green building materials in facade engineering. Evidently, the broad consensus among 

researchers supports the notion that green building materials, despite potential higher initial costs, offer substantial 

long-term economic and environmental benefits. 

When analyzed from the lifecycle cost perspective, our interpretations align with Joao & Justina (2015) who argue 

that green building materials are economically beneficial. These benefits mainly stem from the reduced energy 

consumption, lower maintenance costs, and extended building lifespan offered by such materials. Therefore, the 

upfront costs associated with green building materials should be viewed as an investment that pays off over time. 

This economic viability is crucial for persuading industry stakeholders to embrace sustainable materials in facade 

engineering. 
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In terms of environmental impacts, our findings mirror those of Heba et al. (2021) and Siwi Tiarasari et al.  (2022), 

who highlight the reduced carbon footprint of green building materials. The use of these materials aligns with global 

sustainability targets, thus contributing to the fight against climate change. Moreover, the environmentally friendly 

manufacturing processes of these materials further minimize harmful emissions, resonating with the principles of a 

circular economy. 

Our interpretation of the literature strongly suggests the necessity of a context-driven approach when choosing green 

building materials for facade engineering, in agreement with Mayhoub et al. (2021) and Mridu & Nitin (2016). Such 

an approach accounts for variables such as local climate conditions, availability of resources, and specific building 

requirements, thereby maximizing the potential benefits of these materials. 

Finally, our review supports the argument of Kibert (2016) and Shilong (2021) that green building materials 

significantly enhance indoor environmental quality. This often-overlooked aspect of sustainability not only reduces the 

health risks for building occupants but also fosters improved productivity and well-being, highlighting the holistic 

benefits of sustainable construction practices. 

In conclusion, our interpretation of the reviewed literature underscores the importance of green building materials in 

promoting economic and environmental sustainability in facade engineering. We concur with the original authors that 

these materials represent a viable and necessary shift in construction practices, thus contributing significantly to the 

broader field of sustainable construction. 

5. CONCLUSION 

This review has substantively explored the economic and environmental impacts of green building materials in facade 

engineering. The key findings underline the substantial long-term economic benefits of using these materials, despite 

the potential for higher upfront costs. Green building materials contribute to reduced energy consumption, lower 

maintenance costs, and an extended building lifespan, proving economically viable over time. 

Moreover, the environmental implications of green building materials are profound. By reducing the carbon footprint 

and embracing environmentally-friendly manufacturing processes, these materials align with global sustainability 

goals and contribute to climate change mitigation. The use of green building materials also significantly enhances 

indoor environmental quality, thus fostering improved health, productivity, and well-being for building occupants. 

In the field of facade engineering, the adoption of green building materials represents a transformative shift towards 

sustainable construction practices. This review contributes to the existing body of knowledge by reinforcing the 

environmental and economic justification for this shift. As such, it makes a compelling case for the widespread 

acceptance and implementation of green building materials in facade engineering, thereby aligning with the broader 

aims of sustainable development and environmental preservation. 

6. RECOMMENDATIONS 

Building on the findings of this review, we propose several directions for future research and practical implications in 

the construction industry. 

Firstly, there is a need for more comparative studies that analyze the lifecycle costs of different green building 

materials in facade engineering. While our review has highlighted the long-term economic benefits of these materials, 

further research is necessary to provide a more nuanced understanding of the cost-effectiveness of specific materials. 

This could involve an analysis of factors such as maintenance costs, durability, and energy savings over the lifetime 

of different materials. 

Secondly, future research should also investigate the perception and acceptance of green building materials among 

different stakeholders in the construction industry, such as contractors, architects, and clients. Understanding these 

perceptions could help to identify and overcome potential barriers to the widespread adoption of these materials. 

In terms of practical implications, it is recommended that construction professionals, including facade engineers, 

continue to enhance their knowledge and skills regarding green building materials. This includes understanding the 

environmental and economic benefits of these materials, as well as the technical aspects of their application in facade 

engineering. 
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Additionally, policy-makers and industry regulators should consider implementing policies and standards that promote 

the use of green building materials in facade engineering. This could include providing incentives for their use or 

setting minimum standards for energy efficiency and environmental performance in building facades. 

Ultimately, the shift towards green building materials in facade engineering requires a concerted effort from all 

stakeholders in the construction industry. This includes not only research and development but also education, policy-

making, and practice. Through these collective efforts, we can work towards a more sustainable and economically 

viable future for the construction industry. 
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