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Abstract 

Using green composite materials helps people identify better, more environmentally responsible 

options to synthetic polymers. Depending on the state of the material and additions, green composites 

that are used for clean energy are lighter than ordinary metals that carry heat quickly. These methods 

test fiber-reinforced composites in diverse conditions using heat analysis and then do a thorough 

method analysis. The composites have a polymer matrix that is healthy for the environment and natural 

fibers including hemp, flax, jute, ramie, and sisal. Adding fiber reinforcement makes the material much 

stronger while still allowing it to break down and minimizing its carbon footprint compared to ordinary 

composites. Most significant materials for the clean energy transition are these new, sustainable 

composites. They are robust, resistant to corrosion, recyclable, and environmentally favorable. 

Thermal study shows that the glass transition temperatures of green composites are between 70 and 

88°C. They start to break down at temperatures between 240 and 410°C. Because of this, they work 

well in renewable energy industries like solar photovoltaic panels, wind turbine blades, and even 

systems for storing energy. These composites actually do live up to their name: "sustainable 

composites." They are helpful for the environment because they are light, do not corrode readily, and 

can be recycled. 
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INTRODUCTION 

The world is moving toward sustainability, which has led to the creation of numerous new materials, 

including green composite materials that can be used to convert renewable energy [1]. Advanced 

materials are playing a bigger and bigger role in helping countries around the world deal with 

environmental challenges and cut down on carbon emissions from their energy systems [2]. These green 

composites, on the other hand, are a terrific approach to address both performance needs and 

environmental considerations [3]. They are made of 

renewable fiber reinforcement and a bio-based or 

otherwise eco-friendly changed three 

implementation methods. They are not common 

yet, though, as a final decision has not been made 

[4]. This signifies that material design is starting 

over. This has the right functional capabilities and 

can also be broken down by natural processes [5]. 

It is unlikely that equal behavior corresponds with 

biodegradability; renewability, and the energy 

required for polymer synthesis, which represents a 

considerably smaller fraction than conventional 

composites, will disintegrate much more rapidly 

into CO₂ at the end of their service life.  
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The goal is to build devices for sustainable energy systems that do not merely alter materials but also 

change the way everything is done, from stage to blade. Instead, we have learned a lot about green 

composites by employing thermal analysis techniques to examine them. This has helped us develop 

them better for usage in energy conversion applications [6]. Thermal analysis methods include 

thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), dynamic mechanical 

thermal analysis, and thermomechanical analysis, which assist engineers figuring out how materials act 

when the temperature varies [7]. This not only tells them how things will operate, but it also helps them 

find the ideal processing settings and make sure that their materials will work well in real-world energy 

applications [8]. They absolutely need to know much about the specific science behind making green 

composites to do this. Even though renewable energy systems can make things too hot, every new green 

composite must also be able to resist heat stress in the lab [9]. -Placeholder unethical comparisons 

between traditional composites such resin-matrix carbon, organometallic thiokolastics, and glass-fiber-

reinforced polymers that are employed time and over again because they are flame-resistant [10].  

 

RESEARCH OBJECTIVES AND MATERIALS 

People seem to be more and more aware of and believe that environmental problems, especially those 

related to global climate change, should be the most critical ones to fix. This has led to an extraordinary 

worldwide effort to create renewable energy and cut carbon emissions in every area of the planet. But 

creating and putting together these renewable energy systems also has a major effect on the 

environment. This is because they consume a lot of energy and materials to make, and they also generate 

pollution in the form of all types of waste compounds. Composite materials that are made in the 

traditional way are highly robust and endure a long period. But they commonly use resins generated 

from oil, which need a lot of energy to make fibers. These materials can add a lot to the carbon footprint 

of renewable energy systems.  

 

Making normal composites has a lot more of an influence on the environment than merely utilizing 

energy. They include problems like pollution of resources, hazardous emissions, and a lot of other things 

that are extremely different from each other. For instance, producing glass fiber takes 14 to 16 MJ of 

energy per kg of fiber processed in the batch method just for the final fiber forming. Making carbon 

fiber takes significantly more energy because it requires heating up and processing ingredients [11]. 

When you think about how much energy it takes to build wind turbine blades, solar panel supports, and 

other parts for renewable energy systems, these high energy needs will be even worse. This is a big 

energy debt that has to be paid off at some point during their useful life. You can also choose green 

composites. They employ renewable feedstocks, manufacturing processes that consume less energy, 

and recycling or throwing things away when they are done with them [12]. This is more in keeping with 

the principles of a circular economy than linear take-make-waste models. Some estimates claim that 

growing natural fibers instead of synthetic ones can save 40% to 60% of the energy needed, depending 

on what you are talking about and who delivers the amount. This indicates that the two processes must 

be very different from each other [13].  

 

Material Characterization and Thermal Analysis Techniques 

Green composites are a new way to study materials science since they are built of a strong mix of 

natural fibers and matrix elements that are healthy for the environment. Fibers can be combined into 

matrix phases that are not continuous, just like they are in ordinary composites. They work better 

together than they do on their own [14]. When you manufacture green composites, you need to think 

about the specific qualities of the natural materials you chose and how you use them. These include 

variances in fiber characteristics, fibers that are susceptible to moisture, a small range of thermal 

deterioration, and issues with compatibility between different materials.  

 

Green composites are mostly made of cellulose and hemicellulose, which are both natural fibers. 

They could have various amounts of each depending on where they come from. These fibers are robust 

and rigid since they are mostly made of cellulose. That is why they are so good at making stuff. When 
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cellulose microfibrils are broken down into single fibrils, they can be exceedingly strong, with a tensile 

strength of 7 Gpa to 8 Gpa. Hemicellulose is a material that binds cellulose fibers together and helps 

them soak up water and break down on their own. Lignin is a natural glue that makes the composite 

tougher and slows down the process of biological decomposition. It also makes it tougher for some 

types of matrix systems to keep together. We need to find out how well the natural fiber and the matrix 

operate together at the interface [15].  

 

The hierarchical structure of natural fibers poses unique challenges and opportunities in composite 

design, significantly differing from those related to synthetic materials. The cell walls, lumen widths, 

and microfibril orientations of natural fibers are all distinct, which makes their interior structure 

exceedingly complex. On the other hand, synthetic fibers have the same cross-sectional characteristics. 

This is why natural fibers are light: they are incredibly complex. Their specific gravities are usually 

between 1.2 and 1.6 g/cm3. This means they are about half as heavy as glass and carbon fibers, which 

have a specific gravity of 2.5 g/cm3 or greater. You need to be careful about how you talk about and 

work with materials since they are so varied [16].  

 

Many different kinds of matrix systems are used in green composites. Some are classic thermosetting 

and thermoplastic plastics, while others are totally bio-based resins and polymers that break down in 

the environment. Some of the bio-based matrices that are starting to be used in composites these days 

are polylactic acid (PLA), polyhydroxyalkanoates (PHAs), and resins produced from plant oils. They 

promise a composite system that is more environmentally friendly and will break down more easily 

when it is done [17]. But when you choose matrix materials, you need to think about how they will 

affect the environment and how well they will work. If you want to build a business application that 

makes sense, they also need to be easy to use and not too expensive.  

 

Fiber Reinforcement Systems and Manufacturing Processes 

Thermal analysis approaches can yield substantial insights into the behavior of green composite 

materials in relation to temperature, facilitating processing optimization and service life prediction, as 

well as the examination of issues that may impede long-term reliability [18]. The thermal 

characterization of green composites is distinct from that of traditional synthetic materials; it 

necessitates the consideration of the complex thermal behavior of natural fibers and the possibility of 

different degradation routes resulting from diverse components. Thermal gravimetric analysis (TGA) 

is an essential method for assessing the thermal stability and breakdown properties of green (, i.e., 

natural fiber-reinforced) composites [19]. The paper demonstrates that natural fibers exhibit 

significantly different behaviors compared to synthetic fibers when subjected to heat. Additionally, 

changes in these properties with temperature may affect the strength of the structure [20].  

 

When doing thermal analysis on green composite materials, the needs of the experimental settings 

have a big effect on how samples are prepared, how tests are done, and how data is interpreted. The 

moisture content, fiber orientation, interfacial treatments, and the history of processing all religions can 

have a big effect on the findings of an investigation. To get data that you can trust and utilize again, you 

need to employ statistical analysis methodologies and standardization standards [21]. Also, to confirm 

the results of thermal analysis with real service performance, accelerated aging tests and long-term 

exposure to the correct climatic conditions are essential.  

 

Performance Optimization for Energy Conversion Applications 

Green composites can be utilized in many different ways to turn energy into other forms, such as 

solar and wind power, wave, and ocean energy harvesting, and more. This can be used for a lot of things, 

such building hydropower plants or systems that store energy. There is still a lot to learn about each of 

these areas, but the most crucial ones are the hardware performance standards and the operating 

conditions [22]. Green composites have to work differently in different environments. You need to pick 

the proper materials for each use and make them the best they can be. Simple to mess up if you do not 



 

 

Management of Green Composite for Clean and Green                                                                  Singh and Singh 

 

 

© STM Journals 2026. All Rights Reserved S1305  
 

pay attention. For instance, a material picked for wind energy could not work. Also, if you utilize a 

material that was chosen for tidal and wave power, the equipment might not work well. So, look at the 

materials' whole range of capabilities and see how they stack up against all of the system's needs.  

 

The most advanced and common usage of composite materials in renewable energy is in wind energy 

systems. Modern wind turbine blades need materials that can resist very heavy loads, changes in 
temperature, moisture exposure, and UV radiation while preserving their shape for more than 20 years. 

The move from glass fiber to carbon fiber reinforcements in greater turbine blades has proven that using 
advanced composites can make a substantial difference in how well they work. The blades are now 

longer than 100 meters, and the turbines can handle 15 MW or more. Green composites could help wind 
turbine technology go forward and make the environment less polluted. However, to fix problems with 

moisture resistance, fatigue performance, and long-term durability, materials need to be carefully 
designed and processed [23].  

 
Composite materials used in solar energy applications need to meet different but still high criteria. 

Photovoltaic support structures, tracking systems, and concentrated solar power system elements all 
need materials that can tolerate high temperatures, thermal cycles (from boiling to freezing), exposure 

to UV light, and different types of weather while still being stable and sturdy. Their ability to expand 
and contract with heat may also make the system more reliable as the temperature changes. This varied 

forms of energy storage systems, like battery containers, flywheel rotors, and compressed air energy 
storage tanks, have varied needs when it comes to mechanical stress, thermal management, and 

electromagnetic compatibility. Specialized composite design must meet these needs [24]. For instance, 

you can add conductive natural fibers or bio-based carbon compounds to green composites to make 
them electrically conductive and full of characteristics. Also, natural fibers' best fluttering qualities 

could help by making flywheel energy storage systems less noisy and vibrating.  
 

New energy systems, like getting electricity from waves or tides, need composites that do not corrode, 
biofoul, or tire from saline seawater. A lot of dynamic load is needed in these cases. Many natural fibers 

are particularly resistant to corrosion, and if you pick the correct matrix and protection treatments, they 
can help you get materials that are better than what is generally used in this very harsh marine 

environment. Also, green composites break down naturally, which could assist decrease their influence 
on the environment, at least when a part of a product created for the marine environment breaks down 

[25].  
 

CONCLUSION 

It not only helps academics make advancements in materials science and ecology, but it also helps 

them build energy systems that are favorable for the environment. At first, experiments had problems 
since they needed main characters. Scanning probe microscopy is a precise science at this juncture in 

history, although to acquire information, It is possible to describe the homogenous behavior of fiber-

reinforced composites because of the combination of renewable fiber reinforcing, eco-friendly matrix 
technologies, and better ways to analyze heat. Green composites can make renewable energy 

infrastructure much less harmful to the environment while retaining or even boosting its performance. 
We need to do research and development to find new ways to use these materials and make them work 

better. This will help us produce green composites out of them. The fast growth of materials research, 
together with environmental needs and, in some countries, political exploitation demands for an energy 

transition, makes a strong case for the creation of green composites. This would help make the future 
of energy more stable. Green composites will become more and more significant in producing new 

technologies that will help cities be more sustainable as more and more people across the world worry 
about safeguarding the environment. It is possible that these help with Pace calculations in ZEP's 

Concept Simon, but a similar case has not yet been tried in real life. We still rely on green buildings 
and infrastructure a lot for employment, production, and even survival in some circumstances, even 

after all of them are built. Only on things like oil, gas, and electricity that have been there for a long 
time.  
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