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Abstract: Global warming is rising at an unprecedented rate. This rapid increase is primarily due to human activities and the 

widespread use of fossil fuels for energy. In recent years, there has been an increasing global focus on sustainability and the 

urgent need to transition towards sustainable practices across various industries. As a key sector driving innovation and 

development, engineering plays a vital role in shaping a sustainable future. As the global population grows and living standards 

improve, engineers are pressed to use the world's finite natural resources to meet ever-growing human demands. To mitigate these 

crucial challenges, sustainable engineering materials may serve as an effective alternative solution.  This research paper examines 

a range of sustainable engineering materials, including advanced materials, biomaterials, recycled plastics and reclaimed wood, 

focusing on their properties and applications. It also highlights how these materials contribute to combating current 

environmental challenges, improving resource efficiency, and reducing waste. Through a comprehensive analysis of each material 

with case studies and current advancements, the paper demonstrates the potential of sustainable engineering materials in 

addressing pressing environmental challenges and fostering a more sustainable industrial landscape. 

Index Terms: Advanced materials, Biomaterials, Green House Gas emissions, Sustainability 

 

1. INTRODUCTION 

Humans affect the physical environment in many ways: pollution, burning fossil fuels, and deforestation. 

These notable changes have led to climate change, rising sea levels, soil erosion, poor air quality, mass 

extinction, ecosystem shifts, and undrinkable water.  It is widely acknowledged that materials play a key 

role throughout the life cycle of any product; however, their production presents several challenges [1]. 

Conventional production processes are responsible for high carbon emissions, a significant issue in the 

context of global warming. Global warming caused by human activity has increased by 1 °C over 120 

years. If appropriate measures are not taken, the temperature will rise by another 2 °C, threatening life on 

Earth [2]. The depletion of finite natural resources, energy storage problems, environmental hazards, and 

the imminent threat of natural disasters have all merged to raise our interest in the tremendous potential of 

using sustainable energy materials to substitute conventional materials. Providing global energy 

sustainability for the future is one of humanity's most critical challenges. Sustainable materials are sourced, 

produced, and disposed of in a way that has a reduced impact on the environment and promotes long-term 

ecological balance and even improved performance.  These materials are often renewable, recyclable, 

biodegradable, or produced using eco-friendly manufacturing processes. Such materials, ranging from bio-

based to recycled materials, include biomaterials, advanced materials, recycled plastics and reclaimed 

wood. Certain projects and studies carried out with the implementation of sustainable materials in place of 

conventional materials prove their capability to lessen the negative impacts on the environment. 
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2. SUSTAINABLE MATERIALS 

Raw materials are fundamental for various industrial sectors: chemicals, forestry and agriculture, medicine, 

industrial metals, and mining. The extraction and mining of natural resources often significantly impact the 

environment [3]. To mitigate these impacts, using sustainable materials presents a viable alternative. 

Sustainable materials are defined as materials derived from renewable resources. They must have a zero or 

minimal impact on the environment and society throughout their extraction and production. They align with 

principles of resource conservation, energy efficiency, and waste reduction. Fig. 1 illustrates the properties 

of sustainable materials. 

 

 

  

  

 

  

 

 

  

 

      

      Fig. 1. Properties of sustainable materials 

• Durability and Reuse- they are engineered to extend their lifespan, reducing the need for frequent 

replacements 

• Bio-degradability - ability to decompose naturally   

• Recyclability- derived from or capable of being recycled, minimizing landfill waste 

• Local availability- sources resources from a specific geographical area to reduce environmental 

impact 

• Low embodied energy- requires minimal energy during production and processing, which lowers 

associated carbon emissions 

• Renewability- sourced from materials that can be replenished within a short time frame 

• Cost effectiveness- reduced maintenance costs, can be sourced naturally and lower energy 

consumption 

 

Biomaterials, advanced and recycled materials, work in tandem to facilitate the development and 

production of new sustainable materials by applying cutting-edge technological approaches. 

 

3. ADVANCE MATERIALS 

Advanced materials are substances (both new and derived from modifying existing materials) specifically 

designed to exhibit new or novel technical properties (structural or functional) or environmental features 

compared to traditional materials used to perform the same functions [4]. These materials can outperform 

conventional materials like concrete, steel, and wood as they are engineered to possess exceptional 

properties such as strength, durability, flexibility, and sustainability. Such materials contribute to 

sustainability by reducing carbon emissions, energy consumption, and resource depletion. Fig. 2 shows 

different types of advanced materials. 
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                                                                  Fig. 2. Different types of advanced materials 

Polymeric materials offer versatility, durability, and ease of processing, making them highly suitable for 

various urban infrastructure applications. Environmentally friendly alternatives to conventional cement-

based materials, such as geopolymers, are employed in concrete production, reducing carbon emissions and 

enhancing durability. Recycled PET (Polyethylene Terephthalate) is used in various infrastructure 

components like geotextiles, drainage pipes, and noise barriers, promoting sustainability. Additionally, 

smart materials designed to respond to external stimuli are employed to monitor environmental compliance 

in construction projects, particularly within regions like the oil and gas sector [5]. 

 

The Millau Viaduct (A multispan cable-stayed bridge completed in 2004, spanning the gorge valley of the 

Tarn near Millau in the Aveyron department of the Occitanie Region, located in Southern France) has 

incorporated advanced materials for its construction. Carbon fibre cables employed support the structure, 

decreasing its weight and minimizing its environmental impact [5]. 

 

 

 

 

 

 

 

 

 

  

 

         Fig. 3. The Miilau Viaduct [24] 

Masdar City (An urban community located in Abu Dhabi, the capital city of the United Arab Emirates.) is a 

pioneering sustainable urban development initiative that utilises advanced materials for its infrastructure.  

Buildings and pavements made of geopolymer concrete have a lower carbon footprint and consume less 

energy [5]. 
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Fig. 4.  Masdar City [25] 

 

Moreover, the Edge Building in Amsterdam, Netherlands, is recognized as one of the world's most 

sustainable office buildings due to its energy-neutral design. This structure has incorporated various 

advanced materials such as recycled concrete, which significantly reduces the carbon footprint associated 

with traditional construction methods; advanced insulation materials substantially improve energy 

efficiency by minimizing heat loss and additionally, recycled steel components, which not only uphold the 

integrity and strength of the structure but also contribute to resource conservation [6]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 5.  The Edge building [26] 

 

These advanced materials promote sustainability by minimizing carbon emissions, energy consumption, 

and resource depletion. Using recycled materials, implementing lightweight designs, and adopting eco-

friendly production processes contribute to a more sustainable environment.  

 

4.1. Geopolymer concrete 

The cement sector ranks as the third-largest industrial energy consumer worldwide, accounting for 7% of 

industrial energy consumption. Furthermore, it is the second-largest industrial emitter of carbon dioxide, 

contributing approximately 7% of global emissions [7]. 

 

The manufacturing process of cement requires the combustion of substantial quantities of fuel, resulting in 

significant carbon dioxide emissions due to the decomposition of limestone. This procedure contributes to a 

notable environmental impact, with an estimated emission of one ton of CO2 for every ton of cement 

produced. According to global statistics, cement production in 2022 reached approximately 4.2 billion tons. 
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Considering projected population growth and development, the International Energy Agency's Cement 

Sustainability Initiative (IEA CSI) Cement Technology Roadmap anticipates that global cement production 

may increase by 12- 23% by 2050 [8]. 

Sustainable alternatives must be adopted as substitutes for cement in construction applications to ensure the 

preservation of environmental sustainability [9]. Geopolymers represent an emerging area of interest with 

considerable potential for enhancing environmental sustainability within the construction sector. Numerous 

initiatives have been undertaken to address the challenges associated with traditional cement production. 

The implementation of geopolymer concrete presents promising solutions to these pressing issues. As 

geopolymer concrete does not rely on cement, its implementation can reduce cement production and, 

consequently, lower atmospheric carbon dioxide emissions. Moreover, geopolymer concrete exhibits a very 

low environmental footprint, demonstrating significant promise for application within the concrete industry. 

Constituents of geopolymer concrete are shown on Fig. 6. As detailed analyses by Gartner indicate, the 

advancement of geopolymer technology could markedly reduce the CO2 emissions generated by the cement 

industry, contributing positively to the mitigation of global warming [10]. 

 

Davidovits [11] proposed the utilization of an alkaline liquid to react with the silicon (Si) and aluminum 

(Al) present in geological source materials or by-product materials such as fly ash, blast furnace slag, and 

rice husk ash to generate binders. Due to the nature of the chemical reaction involved, a polymerization 

process, he introduced the term 'Geopolymer' to refer to these binders. During the curing and subsequent 

drying periods, the water expelled from the geopolymer matrix forms nano-pores, enhancing the 

geopolymer's performance characteristics. It is important to note that in a low-calcium fly ash-based 

geopolymer mixture, the water does not play a direct role in the chemical reaction; rather, it facilitates 

workability during handling. This contrasts sharply with the hydration reactions when Portland cement is 

combined with water, yielding primary hydration products such as calcium silicate hydrate and hydroxide. 

This difference substantially impacts the mechanical and chemical properties of the resultant geopolymer 

concrete, bestowing it with increased resistance to heat, water ingress, alkali-aggregate reactivity, and 

various forms of chemical attack. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Fig. 6. Constituents of geopolymer concrete 

 

The enhanced characteristics of Geopolymer concrete, as articulated by Professor B. Vijaya Rangan and 
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Hardijito, are noteworthy [11]. 

• Set at room temperature 

• Non-toxic and bleed-resistant   

• Prolonged working life prior to stiffening   

• Impermeable properties   

• Enhanced resistance to heat and all inorganic solvents   

• Elevated compressive strength   

The compressive strength of Geopolymer concrete is much higher than that of ordinary Portland cement 

concrete. Moreover, very high early strength was shown, with the compressive strength being about 1.5 

times greater than that of ordinary Portland cement concrete for the same mix. Similarly, good workability 

was exhibited, comparable to that of ordinary Portland cement [11]. 

 

It is evident that geopolymer technology presents a viable alternative to Ordinary Portland Cement (OPC) 

by facilitating the reuse of industrial by-products and waste materials, thereby mitigating the environmental 

impacts of landfills. They have diverse applications, including fire-resistant materials, innovative ceramics, 

asbestos-free solutions, low-tech construction materials, hazardous waste stabilization, and adsorbent 

materials for water treatment.  

 

Geopolymers are increasingly recognized as an alternative pathway for constructing infrastructure tailored 

to the supply chain's geographical context and availability of precursor materials. For instance, fly ash-

based geopolymer concrete has been effectively implemented in constructing the University of Queensland 

Global Change Institute Building in Australia. This project used 33 precast floor beams, each spanning 11 

meters and composed of geopolymer concrete, to construct three suspended floors, utilizing approximately 

320 m3 of material [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 7.  University of Queensland Global Change Institute Building [27] 

 

Moreover, the Brisbane West Wellcamp Airport, also located in Australia, utilized around 40,000 m3 

(approximately 100,000 tonnes) of geopolymer concrete which resulted in a significant 6,600-ton decrease 

in CO2 emissions [12]. 
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          Fig. 8. Brisbane West Wellcamp Airport [28] 

 

In South Africa, fly ash-slag geopolymer concrete was used to construct a concrete slab at the City Deep 

container terminal, where it achieved a compressive strength of 51 MPa within a 28-day curing period [12]. 

 

4.2. Nanomaterials  

Nanomaterials have significantly influenced eco-construction over the past decade, contributing to reducing 

pollution. The advancements in nanotechnology have made a major impact on the development of 

sustainable materials through the development of new composites, concretes, additives and fillers.  

Nanomaterials possess unique properties that can fix many construction problems. Key nanomaterials used 

are nano-silica and titanium dioxide (TiO2) .  Moreover, recent developments in TiO2 nano-coating 

containing nano pigments paved the way for sustainability. Nanocoating provides self-cleaning and 

antimicrobial surfaces and is lightweight, corrosion-resistant, rigid, strong, colour-steadfast, dust, and 

water-repellent [13]. 

 

Nanoconcrete is such a material. Incorporating nano fibres, the compressive strength of concrete is 

doubled, and the cement consumption is reduced by 50% compared to normal conditions. The inclusion of 

Nano silver not only improves the mechanical properties but  also reduces the calcium level in the water 

needed to soak the cement. It enables more addition of fly ash to the concrete, enhancing the durability of 

concrete and reducing the consumption of cement, thereby decreasing the emissions. Nanoparticles 

improve the strength-to-weight ratio and provide exceptional compressive strength,  making this form of 

concrete appropriate for the construction of tall buildings [13]. 

 

5. BIOMATERIALS 

The exponential growth in the human population has led to the accumulation of massive amounts of non-

degradable waste materials across our planet. Living conditions in the biosphere are changing dramatically, 

so the presence of non-biodegradable residues is affecting the potential survival of many species. The hunt 

for environmentally acceptable and sustainable alternatives has resulted in increased research and 

innovation in the field of biomaterials for food packaging. 

 

Biomaterials are natural products either extracted from different biological resources or manufactured using 
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green technology and have broad biotechnological applications. They can be assimilated by many species 

(biodegradable) and do not cause toxic effects in the host (biocompatible) conferring upon them a 

considerable advantage with respect to other conventional synthetic products.  These cutting-edge materials 

are biodegradable and less dependent on fossil fuels since they are made from renewable resources like 

algae, cellulose, or plant-based starches. As shown in Fig. 9, there are different types of biomaterials. 

  

 

 

 

 

 

 

 

 

 

 

     Fig. 9. Types of biomaterials 

In recent years, there has been an increasing awareness and concern about the environmental effects of 

traditional food packaging materials worldwide. Polystyrene used in polystyrene containers, commonly 

referred to as Styrofoam, is a non-recyclable packaging material that poses a persistent environmental 

challenge as they are non-recyclable packaging materials that remain in landfills indefinitely. Its production 

depletes non-renewable resources and emits harmful pollutants. In addition to that, individually wrapped 

products, such as candies or small consumer goods, result in the generation of excessive plastic waste. Each 

item that is individually wrapped entails unnecessary resource consumption and huge environmental 

impacts.  

In pursuing environmentally friendly and sustainable food packaging solutions, biodegradable polymers 

present a potential material as they compromise biodegradability and performance. 

 

 

 

  

  

 

   

  

 

 

  

 

  Fig. 10.  Advantages of biomaterials for food packaging [14] 

 

Using ceramics to its full potential in environmentally friendly food packaging is consistent with the 

overarching objective of lessening the impact on the environment and encouraging eco-friendly substitutes 
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[14]. Due to their distinctive mix of qualities, composites are being used more as biomaterials in the field of 

food packaging. These materials generally consist of a matrix, which is frequently a biodegradable polymer 

like PLA (polylactic acid), reinforced with natural fibres like cellulose or nanomaterials like graphene [14]. 

 

Metal and alloys, too, have carved out a space for themselves in the world of biomaterials for use in food 

packaging because of their distinct features. For instance, stainless steel is highly regarded for its ability to 

resist corrosion and durability, making it a perfect material for food processing and packaging machinery. 

On the other hand, because of their superior barrier qualities that guard against moisture, light, and oxygen, 

aluminum alloys are frequently used to manufacture lightweight, recyclable food packaging containers, 

such as cans and foil [14]. 

 

Moreover, natural materials have been employed in diverse food packaging technologies. Packaging made 

of nanocellulose, and sugarcane bagasse is sustainable and biodegradable. Additionally, lycopene derived 

from tomatoes enhances bioaccessibility in packaged foods and functions as a stabilizing agent. 

Incorporating turmeric into polylactic acid (PLA) packaging imparts antibacterial and antioxidant 

properties, improving infection control. The use of zinc oxide (ZnO) encapsulation combined with 

jackfruit-based starch facilitates pH sensing capabilities. Packagings made of citrus pectin containing 

marjoram or clove oil have antibacterial properties and increase shelf life. As edible film coatings, 

carrageenan and alginate from red seaweed provide tastes, antibacterial properties, antioxidant properties, 

and colors. Additionally, chitin obtained from crab shells and packaging based on engineered cellulose 

nanofibers (eCNF) provide excellent barrier properties, biodegradability, and biocompatibility. Collectively, 

these advancements drive the development of practical and environmentally sustainable food packaging 

solutions [14]. 

 

Furthermore, Cellulose is a naturally occurring biological polymer, mainly derived from lignocellulosic 

biomass. Additionally, it can be obtained from plants, trees, cotton, and straw because plants produce it 

through a process known as photosynthesis, and it can also be derived from marine species, bacteria, fungi, 

and animals, making it a renewable resource [15]. Cellulosic materials have high mechanical strength, light 

weight, high purity, and are non-toxic. Simultaneously, they are biodegradable, biocompatible and 

recyclable, which contributes to the reduction in the negative impacts on the environment [15]. 

 

Nanotechnology has made significant advancements in the packaging sector by incorporating biomaterials 

into its design and manufacturing processes. This allows the combination of the unique properties of 

nanoparticles with the sustainability and biocompatibility of biomaterials. and biocompatibility to provide 

packaging solutions that are both useful and ecologically responsible. The integration of nanoscale 

materials, including nanoparticles, nanocomposites, and nanofibers into biomaterials enhances their 

properties, resulting in improved mechanical strength, barrier capabilities, and antibacterial features that, in 

turn, improve sustainable food packaging's overall efficacy and create new opportunities for 

environmentally friendly solution research. This approach can potentially reduce waste, enhance product 

safety, and facilitate the development of sustainable packaging solutions across various industries [14]. 

Overall, these materials not only serve essential functions in food packaging but also meet the increasing 

consumer demand for eco-friendly solutions. Their capability to replace traditional materials promotes a 

more sustainable future while preserving product integrity. 

 



J. RES. TECHNOL. ENG. 6 (3), 2025, 226-240 
 

JRTE@2025 

235 
 

6. RECYCLED PLASTICS 

Plastics have become integral to modern life, with global production increasing significantly over the past 

50 years. This surge in production has directly contributed to a rise in plastic-related waste.  

 

 

 

 

 

 

 

 

 

 

                                                          Fig. 11.  Global plastic production trend from 2013 to 2021 [16] 

 

The extensive use of disposable products has led to the generation of substantial volumes of plastic waste, 

with approximately 80% of this waste ultimately ending up in natural environments or landfills. Most 

plastics are not biodegradable and exhibit chemical inertness in the natural environment, resulting in their 

persistence for several decades, and in some cases, even centuries. Certain widely used plastics, including 

polyvinyl chloride (PVC) and polycarbonate (PC), may gradually release toxic compounds into the air, 

water, and soil under specific conditions. Consequently, plastic debris has emerged as a major global 

conservation issue, negatively affecting soil quality, marine ecosystems, and human health [16]. It is 

important to acknowledge that the production of plastic materials is heavily dependent on petrochemical 

resources, which are finite and gradually being depleted, and the manufacturing of virgin plastics accounts 

for around 4% of global oil production. Plastic production contributes to the increasing emission of 

greenhouse gases, which further exacerbates global environmental challenges. If the current trajectory of 

plastic emissions persists, they are projected to contribute 15% of the global carbon budget by 2050 [16]. 

This alarming growth underscores rising concerns regarding its associated impacts. Annually, 

approximately 350 to 380 million tonnes of plastic are produced. Of the 7 billion tonnes of plastic waste 

generated worldwide to date, less than 10% has been recycled, prompting intensified efforts to mitigate 

plastic waste [17]. Recycling has emerged as the primary strategy for sustainable plastic waste 

management. Recycling plastic waste provides substantial advantages by facilitating the reuse of materials 

instead of their improper disposal. A significant benefit of this practice is the reduction of carbon dioxide 

and other harmful gases emitted into the atmosphere, which typically result from the incineration of such 

waste materials [16]. 

 

 

 

 

 

 

 

 

  Fig. 12. Types of recycled plastics 
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A study conducted by Choie et al. examined the impact of using plastic waste, specifically polyethylene 

terephthalate (PET) bottles, as aggregate material in concrete production. This investigation indicated that 

the resulting concrete might exhibit a reduced self-weight with lower absorption rates. This approach 

contributes to environmental sustainability by reducing pollution associated with plastic waste and 

promoting the recycling of waste resources. Overall, this technique represents a notable advancement 

towards more sustainable practices in concrete production.  Rebeiz's research proved that resins derived 

from recycled PET might be utilized to produce high-quality precast concrete. Consequently, it can be 

inferred that recycled plastic fibers and aggregates can effectively replace traditional reinforcements or 

aggregates in concrete formulations without inducing long-term deterioration, while achieving satisfactory 

strength development properties. Javadabadi performed a cradle-to-gate analysis [Cradle-to-gate is a partial 

product life cycle assessment from resource extraction (cradle) to the factory gate (i.e., before it is 

transported to the consumer)] to assess the environmental implications of using recycled PET as a fine 

aggregate in concrete [18]. The findings indicated that the utilization of recycled plastics substantially 

lessens major environmental impacts, including global warming potential.  

 

Notably, Ersan et al. examined the environmental consequences of incorporating fly ash and recycled 

plastic waste into concrete. They employed a cradle-to-grave methodology, considering one cubic meter of 

concrete as the functional unit, and assessed life-cycle impacts utilizing SimPro software. Their study 

revealed a 13% reduction in carbon emissions compared to conventional methods, alongside a general 

decrease in all environmental effects [18]. 

 

Using recycled plastics as aggregates or reinforcing fibers in concrete applications has demonstrated both 

environmental and economic advantages. Moreover, the mechanical strength has been found to remain 

within acceptable parameters. 

In summary, the major advantages of recycled plastics are as follows. 

• Conservation of non-renewable fossil fuels– plastic production uses 8% of the world’s oil 

production, 4% as feedstock and 4% during the manufacturing process. 

• Reduced energy consumption  

• Decreased amounts of solid waste sent to landfills. 

• Reduced emissions of carbon dioxide (CO2), nitrogen oxide (NO) and sulphur dioxide (SO2) 

It is evident that employing recycled plastics can mitigate environmental challenges related to global 

warming potential, ozone depletion, and energy consumption when compared to conventional methods.  

 

7. RECLAIMED WOOD 

Deforestation substantially risks wildlife habitats, disrupts the Earth's climate system, and adversely affects 

local and Indigenous communities. A primary contributor to deforestation is the construction industry [19]. 

 

The increasing demand for social well-being and infrastructure development, coupled with the exploitation 

of physical resources and the depletion of natural ecological resources, has resulted in various 

environmental challenges, including global warming and climate change [20]. 

 

A critical measure to mitigate the climate impact of the construction industry involves transitioning from 

the current linear economy to a circular economy where the reduction of material extraction and the 
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minimization of greenhouse gas (GHG) emissions are practiced [20]. 

 

In 2023, a total of 6.37 million hectares of forest were permanently lost globally, significantly surpassing 

the maximum deforestation threshold of 4.4 million hectares necessary to remain on course for the 

objective of eliminating deforestation by 2030. The gross emissions attributable to deforestation, resulting 

from the permanent loss of tree cover, amounted to 3.8 billion metric tons of carbon dioxide equivalent 

[21]. 

 

The significance of these issues cannot be overstated: these statistics highlight the critical impact of 

deforestation on global warming. Without comprehensive strategies to address deforestation, the rise in 

CO2 emissions will further deteriorate air quality, escalate global temperatures, increase the frequency of 

extreme weather events, and provoke additional consequences associated with climate change [19]. 

 

Reclaimed wood presents an effective solution to deforestation by repurposing existing timber, reducing the 

demand for virgin wood and preserving vital forest ecosystems [22]. 

Reusing building materials has a distinct advantage over newly manufactured materials because these 

reclaimed materials avoid GHG emissions associated with new (virgin) material manufacturing [23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          Fig. 13. Structural design using reclaimed wood- A case study and proposed design procedure [29] 
 

Using reclaimed wood helps to reduce pressure on forests, prevents biodiversity loss and habitat 

destruction, and promotes sustainable construction practices. Ultimately, using reclaimed wood fosters a 

circular economy that respects and conserves natural resources while addressing the pressing challenges of 

deforestation and climate change [22]. 

 

Moreover, reclaimed wood extends the lifecycle of wood products, inhibiting the decomposition process 

and the subsequent release of CO2 within the material. This extended utilization postpones the carbon 

emissions generated if the wood were to decompose in a landfill environment. The longer wood is in use, 

the more pronounced the reduction in greenhouse gas emissions. This strategy proves especially beneficial 

for biogenic materials such as wood, where the environmental benefits of reuse, as opposed to landfill 

disposal, are particularly notable. The coalition endeavours to mitigate deforestation and promote 

sustainability by repurposing discarded wood [22]. 
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A research study by a team of scientists from the USDA Forest Products Laboratory and the U.S. Army 

Corps of Engineers quantified the energy impact associated with the reuse of framing lumber and wood 

flooring, which are building materials reclaimed during the deconstruction of wood-framed structures, in 

new construction or remodelling projects. A life-cycle inventory approach was utilized to assess the energy 

consumption and emissions resulting from the reclamation of these materials, thereby providing a 

comprehensive analysis of their environmental implications [23]. 

 

The production of 1 cubic meter (m³) of framing lumber from virgin wood required approximately eleven 

times more energy than reclamation materials from deconstruction sites. Furthermore, the fossil carbon 

dioxide emissions associated with manufacturing 1 m³ of new framing lumber are, on average, 310% 

higher than those from reclaimed framing lumber. Similarly, creating 1 m³ of wood flooring from virgin 

sources required about thirteen times more energy than reclaimed flooring, with an increase of 470% in 

fossil carbon dioxide emissions associated with producing new wood flooring compared to reclaimed 

materials. Moreover, GWP (Global Warming Potential) for virgin framing lumber and wood flooring was 

approximately three and five times greater than their reclaimed equivalents [23]. 

 

These findings emphasize that reclaimed framing lumber and wood flooring carry a significantly lower 

environmental impact when compared to their virgin counterparts. 

 

8. CONCLUSION 

In this research paper, various sustainable engineering materials such as advanced materials, biomaterials, 

recycled plastics, and reclaimed wood are explored. Through case studies, test results provide insights into 

the importance of integrating these materials into daily activities to combat negative environmental 

impacts. 

 

Sustainable materials are sourced from renewable resources and designed to minimize environmental 

impacts during their production and use. Their imapct is significantly less as they are durable, 

biodegradable, and recyclable, and require low energy. Local sourcing further decreases environmental 

impact, and these materials are often cost-effective due to lower maintenance needs. The development of 

sustainable materials is mostly supported by biomaterials, advanced and also recycling technologies.  

 

Apart from that, recycled materials such as recycled plastics and reclaimed wood reduce the accumulation 

of natural resources and also mitigate waste in landfills. In conclusion, the adoption of sustainable 

engineering materials can notably lessen the major environmental challenges that our planet is facing at the 

moment. Using renewable resources that are durable, biodegradable, and recyclable, we can significantly 

lessen our ecological footprint. 
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