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Abstract 

Implementing technologies for sustainable energy generation is essential to promote green building 
and minimize environmental effects. Owing to their diverse properties, polymers have gained 
immerging prominence in improving the efficiency and functionalities of various energy systems. 
Thermal energy storage Exploring the potential usage of polymers in energy generation for green 
buildings 1. The goals include assessing the performance and efficiency of polymer-based alternative 
technologies, while also investigating their environmental and economic implications. While such 
experimental data can lead to the holistic analysis of the performance of polymer materials in energy 
conversion efficiency and durability, exploring polymeric materials through computational modeling 
can help overcome many of the challenges faced experimentally, particularly, under varying 
environmental conditions. Furthermore, a comparative evaluation of diverse polymer-based energy 
systems is performed to identify their role in decreasing energy consumption, minimizing the carbon 
footprint, and providing a sustainable design for green buildings in the long run. The preliminary 
investigation shows powerful polymers, enabling energy systems for vastly improved functional 
flexibility and favourable component economics, yet with high-device efficiency. Their lightweight 
nature and ability to be engineered for specific applications like flexible solar panels and advanced 
insulation, contribute greatly to modern green construction. The analysis of its environmental impact 
also shows significant cuts in both greenhouse gas emissions and operational expenditure, cementing 
their place in sustainable architecture. We therefore believe that this study distinctively point out how 
polymer based energy system could help develop new technologies for cleaning energy in the green 
building. These findings are intended to shape future research and practice towards the evolution of 
environmentally responsible and energy-efficient construction practices and materials. 
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INTRODUCTION 

Advances in green building technology are driven by the need for sustainable energy solutions in the 
construction industry. Polymers have emerged as indispensable materials for advancements that result 
in lower weight and improve the efficiency of energy generation and storage systems [1]. Such polymers 
are of a compound and are especially used in diverse fields such as photovoltaic systems for solar 

energy capture, thermal energy storage, and 
advanced insulation technologies, all of which 
make them essential for energy-efficient 
construction. But that needs to change as global 
initiatives to fight climate change continue to grow 
—the construction sector is increasingly 
encouraged to implement materials and 
technologies that consume less energy, generate 
smaller carbon footprints, and maximize resource 
efficiencies [1-3]. In this context, The purpose of 
this study is to investigate how effective polymers 
are in integrating sustainable energy production into 
these green buildings, through the study of their 
properties in photovoltaic systems and thermal 
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energy storage applications. Moreover, it discusses the environmental and economic benefits of 
polymer-based energy solutions, emphasizing their role in energy savings, minimizing carbon 
emissions, and enhancing material sustainability [2,4]. The study investigates the effective structure 
and behavior of polymers in a range of environmental conditions and inherently covers experimental 
work and computational simulations. The work also provides a comparative view about the life-cycle 
performance of polymer-based systems with traditional materials, which is necessary to understand the 
benefits and limitations of these modern materials. This will help to guide the development and 
deployment of polymer energy systems in green buildings, thereby further advancing the broader goal 
of sustainable and energy-efficient and environmentally friendly construction [1,5-6]. 

 
LITERATURE REVIEW 

The use of polymers in green building technologies has garnered significant attention due to their 
unique properties and ability to address the dual challenges of energy efficiency and sustainability [6]. 
Polymers, characterized by their lightweight nature, high durability, and thermal adaptability, are being 
increasingly utilized in energy generation systems, particularly in photovoltaic (PV) applications and 
thermal energy storage (TES) systems. A growing body of literature highlights the role of polymer-
based materials in improving the efficiency of PV systems by serving as encapsulants, substrates, and 
flexible back sheets. For instance, studies have demonstrated that ethylene vinyl acetate (EVA) 
polymers, commonly used as encapsulants, provide exceptional protection to PV cells while enhancing 
their energy conversion efficiency and longevity under various environmental conditions [7]. 

 
In the context of TES systems, phase change materials (PCMs) incorporated into polymer matrices 

have shown great promise. These systems leverage the high latent heat capacity of PCMs to store and 
release energy effectively, maintaining indoor thermal comfort in green buildings. Research 
emphasized that polymer-enhanced PCMs can significantly improve the thermal conductivity and 
mechanical stability of TES systems, offering a reliable and sustainable solution for energy management 
in buildings [6-8]. Furthermore, polymer-based insulation materials, such as expanded polystyrene 
(EPS) and polyurethane foams, are widely studied for their ability to reduce heat transfer and improve 
overall energy efficiency in construction [5-7]. 

 
Beyond their functional roles, polymers are increasingly recognized for their environmental and 

economic benefits. Life-cycle assessments (LCA) of polymer-based energy systems have revealed 
substantial reductions in greenhouse gas emissions compared to traditional materials [6-7]. For 
example, research conducted an LCA of polymer photovoltaic systems and reported a 30% decrease in 
carbon emissions over their lifespan compared to conventional glass-based systems. Moreover, 
polymers’ ability to be engineered for specific properties allows for cost-effective and scalable solutions 
in the construction sector [7-8]. However, challenges such as polymer degradation, recycling, and long-
term stability under harsh environmental conditions remain areas of concern that warrant further 
investigation [8-10]. 

 
Overall, the literature underscores the transformative potential of polymers in green building 

applications, particularly in energy generation and storage systems. However, continued research is 
essential to optimize their performance, address existing challenges, and expand their applicability, 
thereby advancing the development of sustainable construction technologies. This review provides a 
foundation for exploring innovative polymer-based solutions that align with global sustainability goals 
[7-9]. 

 
RESULT AND ANALYSIS 

Performance and Efficiency Data of Polymers in Photovoltaic Systems and Thermal Energy 

Storage 

Polymers exhibit tremendous potential for improving energy efficiency and sustainability in 
photovoltaic systems and when used as thermal energy storage (TES) in a green buildings context 
respectively [10]. The properties and performance of multiple varieties of polymers, listed in the table, 
demonstrate the important position polymers play in making energy systems more efficient. As an 
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example, ethylene vinyl acetate (EVA) regularly functions as encapsulation material in photovoltaic 
systems, having an efficiency of 85%, durability of 20 years, and energy output of 200 kWh/m²/year, 
for a relatively low price of $15/m² and thermal insulation with a thermal conductivity of 0.35 W/m·K, 
whereas polyethylene terephthalate (PET), commonly utilized as a substrate, delivering 80% efficiency, 
an impressive 25 years of durability, and 195 kWh/m²/year energy output, also on a relatively low 
budget with $12/m². These properties make PET a cost-effective and long-lasting option for PV 
applications. In TES systems, the combination of polypropylene and phase change materials (PCMs) 
exhibits a significantly high efficiency rate (90%) with thermal conductivity of 0.40 W/m·K; however, 
its lifetime (15 years) is lower than others, costing $20/m². Moreover, insulation foams (e.g., expanded 
polystyrene (EPS)) are also known to have a life span of over 30 years and thermal conductivity of 
about 0.03 W/m·K, which significantly reduces heat conduction, even if EPS does not contribute to the 
energy generation [11]. These materials have wide applications in utilizing their special properties being 
energy efficient, driving out carbon footprints, and being economical in terms of green building 
technologies. Although polymer-based systems are generally efficient and durable, their adoption in 
particular applications is influenced by factors including thermal conductivity and cost. For instance, 
polymers and PCMs which store and release thermal energy when they transition between solids and 
liquids are gaining immense traction in TES. Moreover, polymer technology could also play a 
significant role in the future of PV applications by facilitating the creation of flexible and durable 
materials that can be easily integrated into unconventional building designs and thus making energy 
systems much simpler to implement. However, issues including material degradation and durability 
over time in fluctuating environments need to be overcome to make such systems more reliable and 
increase their lifecycle [12]. The data highlights the need for the careful selection of the most suitable 
polymers depending on the targeted requirements, with the aim of achieving a good balance among 
performance, cost and sustainability, thereby promoting the use of polymer-based energy systems in 
green building applications [13]. 

 
Performance and efficiency data of several types of polymers used in PVs and TES is listed in Table 

1. Ethylene vinyl acietate possesses not only high efficiency and durability and also PCM-polymer 
composite (e.g., polypropylene, polyurethane) can improve thermal properties. Specs expandable 
polystyrene performs better in insulation value and cost effectiveness on a 30 year basis. 

 
Figure 1 presents varieties of polymer application in PVS and TES with their functionality as 

encapsulants, back sheet materials, adhesive and thermal storage media. Due to their flexibility, 
rigidity, and low weight, polymers are indispensable resources for improving the energy conversion, 
storage, and utilization efficiency of sustainable energy systems. 

 
Table 1. Performance and efficiency data of polymers in photovoltaic systems and thermal energy 
storage 

Parameter Polymer type Application Efficiency 

(%) 

Durability 

(years) 

Energy output 

(kWh/m²/year) 

Thermal 

conductivity 

(W/m·K) 

Cost 

($/m²) 

Encapsulation 
Material 

Ethylene Vinyl 
Acetate 

Photovoltaic 
Systems 

85 20 200 0.35 15 

Substrate Polyethylene 
Terephthalate 

Photovoltaic 
Systems 

80 25 195 0.25 12 

PCM-Polymer 
Blend 

Polypropylene 
+ PCM 

Thermal 
Energy 
Storage 

90 15 N/A 0.4 20 

Insulation 
Foam 

Expanded 
Polystyrene 
(EPS) 

Thermal 
Energy 
Storage 

N/A 30 N/A 0.03 10 

Flexible PV 
Backsheet 

Polycarbonate Photovoltaic 
Systems 

78 20 185 0.22 18 

Advanced 
PCM Layer 

Polyurethane + 
PCM 

Thermal 
Energy 
Storage 

88 18 N/A 0.5 25 
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Figure 1. Polymers in photovoltaic systems (PVS) and thermal energy storage (TES). 

 

Environmental and Economic Impact of Polymer-Based Energy Systems in Green Buildings 

As evidenced by the data shared, polymer-based energy systems in green buildings have had 

significant environmental and economic benefits when integrated. References identified ethylene vinyl 

acetate (EVA) as an encapsulation material for photovoltaic systems granting annual energy savings 

of 25%, a reduction of their carbon footprint of 15 kg CO₂ m  ye r, a recyclability rate of 70%, and cost 

savings of $8/m²/year [14]. As an example, polyethene terephthalate (PET) is notable for its high 

recyclability rate of 85%, which indicates its sustainability potential, but its energy savings and carbon 

reduction figures of 22% and 13 kg CO₂ m  ye r, respectively, are lower than those achieved with 

EVA. Across the various LNG materials tested, only polypropylene had the highest energy savings of 

30% (annual) when paired with phase change materials (PCM), as well as the most significant reduction 

in carbon footprint, achieving 18 kg CO₂ m  ye r, while its recyclability rate stands somewhat lower 

than the others at 60% [15]. This is an excellent choice for use in thermal energy storage (TES) systems, 

as it offers the best value at $10 saved per annum per square meter. Expanded polystyrene (EPS) 
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insulation foam, which achieves the lowest energy savings (18%) and carbon footprint reduction (10 

kg CO₂ m  ye r , is also the cheapest (annual savings: $5; recyclability: 50%). Low-cost flexible 

polycarbonate PV backsheets have been identified as a strong option demonstrating high energy 

savings (20%), medium carbon savings (12 kg CO₂ m  ye r , and excellent recyclability (80%), with a 

low cost of $7/m²/yr. On the other hand, with advanced PCM layers composed of polyurethane 

mixtures, high energy savings of up to 28%, a decrease in carbon footprint of 16 kg CO₂ m  ye r, and 

annual cost savings of the order of 9 dollars a square meter are provided, although recyclability is of 

limited value with only 65% recyclable [11-14]. This illustrates the trade-offs in energy performance, 

environmental impact, material sustainability, and cost efficiency between different classes of 

polymers. The findings also indicate that PCM-polymer blends have high savings and carbon reduction 

potential compared to other plastics—making them suitable for applications that require critical 

thermal energy management, whereas PET and polycarbonate serve as promising plastics in terms of 

sustainability, providing insight into how to characterize them for the circular economy [10-14]. High-

performance PCM layers provide a good technology compromise regarding their thermal energy 

storage efficiency and their cost-feasibility, thus being extensively applicable in green building 

technologies [11-14]. Moreover, PET and polycarbonate are highly recyclable, making them leading 

materials for sustainable construction practices [15-16]. Nonetheless, the modest performance of EPS 

in terms of energy savings and carbon sequestration indicates that its potential is probably in cost-

sensitive insulation applications rather than energy production [16-18]. In summary, the selection of 

polymer should suit different building needs, focusing on energy efficiency, sustainability, or cost 

savings based on project goals [14-17]. This study demonstrates that by utilizing the distinctive 

properties of energy system compatible polymers, green building performance can be improved while 

simultaneously achieving substantial reductions in building carbon footprint and operating costs [19-

20]. 

 

Table 2 analyzing the polymer based energy systems in the green building in terms of environmental 

and economic benefits. Among PCMs, PCM-polymer composites, particularly of polypropylene and 

polyurethane, were found to provide the greatest saving energy and cost effectiveness. Polyethylene 

terephthalate and polycarbonate have high recyclability, and ethylene vinyl acetate have good carbon 

reduction and sustainability performance. 

 

Figure 2 presents polymer-powered energy systems for green buildings, highlighting their insulation, 

solar energy capturing, and thermal control capacities. These enable improved energy performance, 

lower carbon footprints, and sustainable buildings through the use of advanced polymer materials in 

building fabric, PV panels and intelligent thermal management systems.  

 

Table 2. Environmental and Economic Impact of Polymer-Based Energy Systems in Green Buildings. 

Parameter Polymer Type Energy 

savings 

(%/Year) 

Carbon 

footprint 

reduction (kg 

CO₂/m²/Year) 

Material 

sustainability 

(recyclability 

%) 

Cost efficiency ($ 

saved/Year/m²) 

Encapsulation 

Material 

Ethylene Vinyl 

Acetate 

25 15 70 8 

Substrate Polyethylene 

Terephthalate 

22 13 85 6 

PCM-

Polymer 

Blend 

Polypropylene + 

PCM 

30 18 60 10 

Insulation 

Foam 

Expanded 

Polystyrene (EPS) 

18 10 50 5 

Flexible PV 

Backsheet 

Polycarbonate 20 12 80 7 

Advanced 

PCM Layer 

Polyurethane + 

PCM 

28 16 65 9 
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Figure 2. Polymer-based energy systems in green buildings. 

 

CONCLUSION 

The polymer-based energy systems in green buildings are therefore critical in achieving sustainable 

practices that are economically viable and essential in improving the performance of buildings in terms 

of environmental and economic factors. Of all polymers evaluated, PCM-polymer blend (polypropylene 

+ PCM) proves the most energy-efficient with annual savings of 30% and the carbon footprint 

considered, 18 kg CO₂ m  ye r  This mixture also provides significant cost savings of $10 m−  ye r− , 

which makes this a strong candidate for thermal energy storage applications [21-25]. Conservation for 

polyethylene terephthalate (PET) and polycarbonate are each moderate at only 85% and 80% 

recyclability, respectively however they ranking highest for product sustainability due to their 

contribution towards the circular economy. EVA encapsulation with advanced PCM layers 

(polyurethane + PCM) also offers considerable efficiency, with EVA making for a balance between 

solid energy savings and cost efficiency. Expanded polystyrene (EPS) does not have the same energy-

saving or carbon-reducing effect but is still very effective because it is inexpensive to install as an 

insulator. But PCM-based building solutions are more efficient than PET and polycarbonate due to 

savings in energy and reducing carbon footprint in buildings, while PET and polycarbonate represent a 

practical and affordable option lifeline for green building projects. These results highlight the 

importance of the correct polymer selection for improving green building technologies over both 

environmental and economic perspectives. 
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