
Applied Science and Innovative Research 

ISSN 2474-4972 (Print) ISSN 2474-4980 (Online) 

Vol. 7, No. 3, 2023 

www.scholink.org/ojs/index.php/asir 

69 
 

Original Paper 

Prospective Analysis of Aluminum Metal for Energy 

Applications 

Jianru Chen1 

1 College of Materials Science and Engineering, Shandong University of Technology, Zibo City, 

Shandong Province, 255000, China 

 

Received: July 28, 2023       Accepted: August 18, 2023      Online Published: August 22, 2023 

doi:10.22158/asir.v7n3p69           URL: http://doi.org/10.22158/asir.v7n3p69 

 

Abstract 

With the increasing global demand for sustainable energy, metal aluminum has shown tremendous 

potential and advantages as an important energy material. This article focuses on exploring the 

application prospects of metal aluminum in renewable energy, energy storage, and energy efficiency. In 

the field of renewable energy, metal aluminum can be used in the manufacturing of solar cell 

components and auxiliary equipment. Its properties make it a suitable material for these applications. 

In terms of energy storage, metal aluminum exhibits high performance and a long lifespan in hydrogen 

storage and energy storage devices. It shows promise as an efficient and durable choice for these 

applications. In the field of energy efficiency, metal aluminum plays a significant role as a lightweight 

material in the automotive industry and in thermal management technologies. It can contribute to 

improving energy utilization efficiency and reducing energy consumption in various applications. 

However, the application of metal aluminum still faces some challenges, including cost and 

sustainability issues. Therefore, further research, development, and collaboration are needed to 

promote the application and development of metal aluminum in the energy sector, contributing to the 

achievement of sustainable energy goals. 
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1. Introduction  

The energy issue has always been a major global challenge. With the increasing energy demand and the 

growing environmental concerns, finding sustainable and efficient energy solutions has become a top 

priority. In this context, metal aluminum has garnered significant attention as an important energy 

material. With excellent conductivity, thermal properties, and lightweight characteristics, as well as 
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abundant reserves and recyclability, metal aluminum is an ideal choice in the energy field. This article 

aims to provide an in-depth analysis of the application prospects of metal aluminum in the energy 

sector and explore its potential and advantages in renewable energy, energy storage, and energy 

efficiency. The article will first focus on the application prospects of metal aluminum in renewable 

energy. Solar energy, as an infinite renewable energy source, has great development potential. The 

application of metal aluminum in the manufacturing of solar cell components and auxiliary equipment 

will be discussed in detail. Next, the application prospects of metal aluminum in energy storage will be 

thoroughly investigated. Hydrogen storage and energy storage devices are essential components of 

energy storage systems, and the potential and advantages of metal aluminum in these devices will be 

examined. Furthermore, the application prospects of metal aluminum in energy efficiency should not be 

overlooked. As a lightweight material, metal aluminum can contribute to fuel savings and emissions 

reduction in the automotive industry. Additionally, the excellent thermal conductivity of metal 

aluminum makes it an ideal choice for thermal management technologies, enhancing energy utilization 

efficiency. However, the application of metal aluminum in the energy field still faces challenges, 

including cost, sustainability, and recycling issues (Wangbing, Zhuoyuan, Guoqiang, et al., 2023). 

Therefore, further research and collaboration are needed to unleash the potential of metal aluminum in 

the energy sector. Governments, businesses, and research institutions should strengthen cooperation to 

promote the application and development of metal aluminum in energy applications. By conducting an 

in-depth analysis of the application prospects of metal aluminum in renewable energy, energy storage, 

and energy efficiency, this article aims to provide references and insights for the development of 

sustainable energy and the transformation of the energy system. Only through continuous innovation 

and collaboration can we fully leverage the advantages of metal aluminum in the energy field and 

contribute to the achievement of sustainable energy goals. 

 

2. Prospects for Aluminum Metal in Renewable Energy 

2.1 Solar Energy 

Solar energy is a widely utilized renewable energy source that is of great significance in reducing fossil 

fuel consumption and lowering carbon emissions. Metal aluminum has vast application prospects in the 

solar energy field, including the following aspects: 

(1) Manufacture of solar cell components: As a conductive and lightweight material, metal aluminum 

can be used in the production of solar panels and components. With its excellent conductivity, metal 

aluminum can serve as the material for battery electrodes and conductors, improving the efficiency and 

performance of solar cells. 

(2) Collectors and reflectors: Solar collectors and reflectors are crucial components in solar thermal 

utilization systems. Metal aluminum, with its excellent thermal conductivity and reflectivity, can be 

utilized in the manufacturing of efficient solar collectors and reflectors, concentrating or reflecting 

solar radiation to harness energy. 
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(3) Auxiliary equipment for solar energy: Metal aluminum can also be employed in the production of 

auxiliary equipment for solar energy, such as brackets and connectors. These devices provide sturdy 

support and connections, ensuring the stability and reliability of solar energy equipment. 

The application of metal aluminum in the solar energy field can enhance the efficiency and reliability 

of solar energy systems, promoting their widespread adoption and popularization. With the continuous 

development of solar energy technology and increasing market demand, the application prospects of 

metal aluminum in the solar energy sector will further expand. In the future, we can expect to see more 

innovative and optimized metal aluminum materials being applied in the solar energy field, 

contributing to the sustainable development of renewable energy. 

2.2 Battery Technology Area 

Battery technology is a crucial aspect of renewable energy storage and utilization, and metal aluminum 

has also shown potential and advantages in the field of battery technology. Here are the application 

prospects of metal aluminum in the battery technology field: 

(1) Lithium-ion batteries: Metal aluminum can be used as the material for the negative electrode (anode) 

in lithium-ion batteries. With its high specific capacity and excellent electrochemical performance, 

metal aluminum can improve the energy density and cycling stability of the battery. Additionally, metal 

aluminum has low cost and abundant resources, contributing to reducing battery manufacturing costs 

and increasing sustainability. 

(2) Aluminum-air batteries: Aluminum-air batteries are a high-energy-density battery technology in 

which metal aluminum serves as the anode material. Aluminum-air batteries have advantages such as 

high energy density, low cost, and environmental friendliness, making them suitable for applications in 

electric vehicles, energy storage systems, and mobile devices. 

(3) Sodium-ion batteries: Metal aluminum also has application prospects in sodium-ion batteries. 

Sodium-ion batteries are a relatively new battery technology, and sodium resources are relatively 

abundant and low-cost. Metal aluminum, as a battery material, can provide high energy density and 

excellent charge-discharge performance, contributing to the development and application of sodium-ion 

batteries (Sonal, Prasad, Gaoliang, et al., 2022). 

The application of metal aluminum in the battery technology field helps improve battery performance, 

reduce costs, and increase sustainability. With the rapid development of renewable energy and the 

increasing trend of electrification, the application prospects of metal aluminum in the battery 

technology field will continue to expand. Further research and development, as well as industry 

collaboration and policy support, will contribute to the widespread use of metal aluminum in the 

battery technology field and promote the sustainable development of renewable energy. 

 

3. Prospects for Aluminum Metal Applications in Energy Storage 

3.1 Development and Application of Energy Storage Devices 

Energy storage is one of the key issues in renewable energy, and metal aluminum has a wide range of 
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application prospects in the field of energy storage. Here are the potential applications of metal 

aluminum in the development and application of energy storage devices: 

(1) Energy storage system construction: Metal aluminum can be used in the construction of energy 

storage systems, such as for manufacturing battery casings, battery racks, and battery connectors. With 

its high strength, lightweight nature, and excellent conductivity, metal aluminum can provide a sturdy 

structure and good current conduction, making energy storage devices more robust and reliable. 

(2) Nano-aluminum energy storage technology: Nano-aluminum energy storage technology is an 

emerging technology that utilizes the chemical reaction of metal aluminum for energy storage and 

release. By combining metal aluminum with conductive liquids or electrolytes, high energy density and 

fast charge-discharge characteristics can be achieved. Nano-aluminum energy storage technology has 

advantages such as rapid response, long lifespan, and lower environmental impact, making it a 

promising energy storage solution. 

(3) Hydrogen storage: Metal aluminum can be used in the field of hydrogen storage. When metal 

aluminum reacts with water or acid, it produces hydrogen gas, which can be used as a fuel or stored for 

later use. The hydrogen generation and storage performance of metal aluminum make it a potential 

material for hydrogen storage. 

The application prospects of metal aluminum in energy storage are extensive, as it can help address the 

intermittency and uncontrollability of renewable energy, thereby improving energy supply stability and 

sustainability. With continuous innovation in energy storage technology and increasing market demand, 

the application prospects of metal aluminum in the field of energy storage will further expand. Future 

research and promotion efforts will drive the development of metal aluminum energy storage 

technology, facilitating the wider application of renewable energy and energy transition. 

3.2 Ultracapacitor Potential and Direction of Development 

Supercapacitors (also known as electrochemical capacitors) are devices capable of high-speed charging 

and discharging, storing a large amount of charge and releasing energy quickly. Metal aluminum has 

potential in the field of supercapacitors, with the following application prospects and development 

directions: 

(1) High energy density: Metal aluminum can be used as an electrode material in supercapacitors, 

providing high energy density and capacitance. By optimizing the electrode structure and material 

preparation processes, the metal aluminum electrode can offer greater charge storage capacity, thus 

increasing the energy density of supercapacitors. 

(2) Long lifespan and high cycling stability: Metal aluminum electrodes exhibit excellent chemical 

stability, enabling them to withstand high numbers of cycles and repeated charge-discharge cycles, 

therefore extending the lifespan of supercapacitors. Through the use of metal aluminum electrodes, 

long-term stability and reliability of supercapacitors can be achieved. 

(3) Fast charging and discharging rates: Metal aluminum electrodes possess good electrical 

conductivity, allowing for low-resistance pathways and enabling supercapacitors to achieve fast 
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charging and discharging speeds. This makes supercapacitors highly suitable for applications with high 

transient power demands, such as vehicle start-up, regenerative braking, and energy feedback systems 

in electric vehicles (N. A, W. A. K, M. A, et al., 2023). 

(4) Sustainability and cost-effectiveness: Metal aluminum, being an abundant resource, offers low-cost 

and sustainable characteristics. This potential makes metal aluminum electrodes viable for commercial 

applications in supercapacitors, reducing manufacturing costs and driving market development. 

Through further research and innovation, the application prospects of metal aluminum in the field of 

supercapacitors will continue to expand. As the demand for efficient energy storage and fast 

charging/discharging increases, the use of metal aluminum in supercapacitors will become an important 

direction for improving energy storage efficiency and technological feasibility. Through collaborative 

efforts in material research, electrode design, and system integration, metal aluminum supercapacitors 

have the potential to play a significant role in the field of energy storage, promoting the wider 

application of renewable energy and the development of energy storage technologies. 

 

4. Prospects for Aluminum Metal Applications in Energy Saving 

4.1 Application of Lightweight Automotive Materials 

Metal aluminum, as a lightweight material, has tremendous potential in automotive manufacturing, 

bringing important opportunities for the energy-saving industry. Lightweighting is a key strategy for 

achieving energy efficiency and emission reduction, and the application of metal aluminum can 

significantly reduce vehicle weight, improve energy utilization efficiency, and reduce carbon emissions. 

Automakers and businesses are actively exploring the use of metal aluminum in lightweight automotive 

materials to achieve a more environmentally friendly and sustainable transportation system. On one 

hand, metal aluminum itself offers excellent lightweight characteristics. Its low density, about one-third 

that of steel, enables the use of metal aluminum to significantly reduce the overall vehicle weight. 

Reducing vehicle weight has a direct impact on fuel efficiency and energy utilization, as every 100 

kilograms of weight reduction can lead to a 6-8% decrease in fuel consumption. At the same time, 

metal aluminum has high strength and good stiffness, making it an ideal material for manufacturing 

high-performance vehicles. By using metal aluminum in the construction of car bodies, chassis, and 

other components, the acceleration performance, handling capabilities, and overall driving experience 

of vehicles can be improved. On the other hand, the application of metal aluminum can also improve 

the range of new energy vehicles. Lightweighting is a crucial factor in increasing the driving range of 

electric and hybrid vehicles. By reducing vehicle weight, metal aluminum can decrease the battery load, 

prolong battery life, and increase the vehicle's range. This helps alleviate range anxiety issues with 

electric vehicles and promotes wider adoption of electrification. Additionally, the application of metal 

aluminum can enhance automotive safety performance. As a body material, metal aluminum provides 

high strength and stiffness, enabling vehicles to better absorb energy and protect occupants from 

collision injuries. The corrosion resistance and malleability of metal aluminum also make it an ideal 
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material for automobiles, especially for new energy vehicles. Furthermore, metal aluminum is a 

recyclable material that can reduce resource extraction and waste emissions, promoting sustainability. 

With increasing emphasis on environmental protection and energy sustainability, the application 

prospects of metal aluminum in automotive lightweighting are vast. Automakers will continue to drive 

innovation and application of metal aluminum technology to meet stringent energy-saving and 

emission reduction requirements. Meanwhile, evolving manufacturing technologies and materials 

science will also support the use of metal aluminum in the automotive industry, driving the automotive 

sector towards a more environmentally friendly and sustainable direction, and achieving more efficient 

energy-saving and emission reduction goals. 

4.2 Development and Application of Thermal Management Technology 

The application of metal aluminum in the field of energy conservation is not limited to lightweight 

automotive materials but also includes the development and application of thermal management 

technology. Thermal management plays a crucial role in energy systems, and effective thermal 

management can improve energy utilization efficiency, reduce energy loss, and achieve energy-saving 

and emission reduction goals. Metal aluminum, as an excellent heat-conductive and malleable material, 

has wide application potential in thermal management. Firstly, metal aluminum possesses outstanding 

thermal conductivity, allowing it to quickly transfer heat from heat sources to heat sinks or other 

thermal management devices. This makes metal aluminum an ideal material for heat spreaders, heat 

sinks, and heat dissipation components. By combining metal aluminum with other thermal conductive 

materials, thermal conductivity efficiency can be improved, enhancing the thermal management 

effectiveness of energy systems. Secondly, the malleability of metal aluminum enables it to be formed 

into various shapes, sizes, and structures of heat dissipation components, catering to the needs of 

different equipment and systems. This flexibility provides greater opportunities for the design and 

application of thermal management technology (Ibrahim, Hemdan, Yousif, et al., 2022). Manufacturing 

aluminum heat sinks and heat pipes, among other components, can meet the complex heat distribution 

and flow requirements, enhancing heat transfer and dissipation efficiency in energy systems. 

Additionally, metal aluminum exhibits excellent weather resistance and corrosion resistance, enabling 

stable operation in harsh environmental conditions. This makes metal aluminum applicable in areas 

such as solar thermal utilization, industrial waste heat recovery, and heat pump systems, allowing for 

effective management and utilization of thermal energy resources, energy conservation, and greenhouse 

gas emission reduction. With the continuous development and application of thermal management 

technology, the application prospects of metal aluminum in the field of energy conservation will further 

expand. Compared to other materials, metal aluminum possesses superior thermal conductivity and 

malleability, providing more options for the design and manufacturing of thermal management devices. 

Through innovative material research and process technologies, metal aluminum can be widely applied 

in various thermal management devices and systems, improving energy utilization efficiency, reducing 

energy consumption, and making contributions to energy conservation and emission reduction. As we 
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promote energy transition and sustainable development, the application of metal aluminum in the field 

of energy conservation will play an increasingly significant role. 

 

5. Future Trends and Challenges 

5.1 Cost and Sustainability Considerations 

In the application of metal aluminum in the field of energy conservation, cost and sustainability are two 

key considerations. With technological advancements and increasing market demand, the application of 

metal aluminum in energy conservation will face certain future trends and challenges. Firstly, cost has 

always been an important factor in the application of metal aluminum. Despite its advantages in many 

aspects, the manufacturing cost of metal aluminum remains relatively high. Therefore, reducing the 

production and processing costs of metal aluminum materials is crucial for achieving large-scale 

application and commercialization. Through technological innovation and efficient production 

processes, the manufacturing cost of metal aluminum materials can be reduced, promoting their wider 

application in the field of energy conservation. Secondly, sustainability is another important 

consideration in the application of metal aluminum. The production of metal aluminum requires a 

significant amount of electricity and water resources, while also generating byproducts such as 

wastewater and emissions that can have an environmental impact. Therefore, measures need to be taken 

in the production and application processes of metal aluminum to ensure sustainability and 

environmental friendliness. This includes promoting innovative green production technologies, 

improving resource utilization efficiency, reducing waste emissions, and advancing the development of 

a circular economy. In addition, the application of metal aluminum in the field of energy conservation 

also needs to overcome certain technical challenges. For example, in the application of lightweight 

automotive materials, technical issues such as bonding, joining, and durability between metal 

aluminum and other materials need to be addressed. Similarly, the application of thermal management 

technology requires further improvement in thermal conductivity efficiency and heat dissipation 

effectiveness to tackle the challenges posed by high temperatures and complex heat flow environments. 

In conclusion, the application of metal aluminum in the field of energy conservation faces future trends 

and challenges. By lowering manufacturing costs, promoting innovative sustainable production and 

application technologies, the application of metal aluminum will be further driven and expanded. 

Additionally, continuous research and development efforts, overcoming technical obstacles, and 

strengthening cooperation and sharing of experiences are necessary to enhance the role of metal 

aluminum in achieving energy-saving, emission reduction, and sustainable development goals. 

5.2 Recycling and Environmental Friendliness 

In the application of metal aluminum, recycling and environmental friendliness are important trends 

and challenges for future development. With increasing demand for sustainable development and 

resource conservation, the recycling and environmental friendliness of metal aluminum have become 

focal points. Firstly, the recycling of metal aluminum is crucial for reducing reliance on finite resources 
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and minimizing environmental impacts. Metal aluminum is a recyclable material, and through 

recycling and reutilization, energy consumption and waste emissions can be reduced. The future 

development trend is to establish an efficient recycling system and effective recycling technologies to 

improve the recycling rate of metal aluminum and promote the implementation of a circular economy 

model. By enhancing the recycling of metal aluminum, the lifespan of resources can be extended, 

reducing the need for new material extraction and production, and achieving more sustainable 

development. Secondly, environmental friendliness is also an important consideration for the future 

development of metal aluminum. The production process of metal aluminum requires a significant 

amount of electricity and water resources, and generates byproducts such as wastewater and emissions 

that have potential environmental impacts. To enhance the environmental friendliness of metal 

aluminum, measures need to be taken to reduce energy consumption, improve water resource 

utilization efficiency, and strictly control waste and pollutant emissions. Additionally, promoting the 

application and innovation of green production technologies to minimize negative environmental 

impacts is crucial for future development. Strengthening environmental regulations and compliance 

management is essential to ensure that the production and application of metal aluminum meet 

environmental standards and regulations, ensuring its sustainable development. However, the issues of 

recycling and environmental friendliness also face certain challenges. On one hand, the establishment 

of comprehensive recycling systems and infrastructure, as well as the development and application of 

recycling technologies, require cooperation and investment from the government, businesses, and 

society. On the other hand, the production and application of metal aluminum also require the 

promotion of green technology innovation and application to improve the environmental performance 

of production processes and reduce the consumption of natural resources. This requires the industry to 

increase research and development efforts and actively explore new energy-saving and environmentally 

friendly technologies and processes to address environmental challenges. In conclusion, recycling and 

environmental friendliness are the future trends and challenges faced in the application of metal 

aluminum. By enhancing recycling, promoting green production, and technological innovation, the 

sustainable development of metal aluminum can be facilitated, meeting the requirements of 

environmental protection and sustainable resource utilization. Governments, businesses, and society as 

a whole need to work together to drive continuous improvement in the recycling and environmental 

friendliness of metal aluminum, and achieve the goal of sustainable development (Abay, Asrat, & 

Kumar, 2022). 

5.3 Cooperation to Promote the Application and Development of Metallic Aluminum 

In the application and development of metal aluminum, collaboration is an important trend and key to 

addressing future challenges. Facing increasingly complex and interdisciplinary issues, collaboration 

among different stakeholders and the establishment of collaborative platforms will facilitate the 

application and innovative development of metal aluminum in the energy-saving field. Firstly, 

cross-industry collaboration is an essential approach to drive the application of metal aluminum. The 
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widespread application of metal aluminum requires collaboration with industries such as automobile 

manufacturers, energy companies, and the construction industry. Through collaboration among 

industries, resources and knowledge can be integrated to collectively address technological and market 

challenges, and promote the application of metal aluminum in various fields. For example, 

collaboration between automobile manufacturers and metal aluminum suppliers can drive the 

application and development of lightweight aluminum materials in vehicles, working together to 

develop more energy-efficient and environmentally friendly transportation. Secondly, collaboration 

between academia and industry is crucial for the innovation and technological development of metal 

aluminum. Academia provides in-depth research and theoretical foundations, while industry can 

translate research findings into applicable technologies and products. Through close collaboration 

between academia and industry, technological innovation, knowledge sharing, and resource exchange 

can be promoted, accelerating the application and development of metal aluminum in the energy-saving 

field. Such collaboration can include joint research projects, knowledge exchange, and talent 

development, collectively advancing the progress of aluminum technology. Furthermore, international 

collaboration and global exchange are also significant driving forces for the development of metal 

aluminum applications. Metal aluminum is a global industry, facing common technological challenges 

and market opportunities. Through international cooperation and global exchange, the expertise and 

efforts from around the world can be gathered to enhance technological cooperation and share 

experiences, collectively driving the application and development of metal aluminum in the 

energy-saving field. In international collaboration, the leadership and support from governments, 

industry associations, and international organizations play important roles in creating a favorable 

environment and conditions for collaboration. In conclusion, collaboration is an important trend and 

key to driving the application and development of metal aluminum. Cross-industry collaboration, 

collaboration between academia and industry, as well as international collaboration and global 

exchange, all provide essential support for the application of metal aluminum in the energy-saving field. 

Through joint efforts, the innovation and application of metal aluminum technology can be accelerated, 

contributing to the realization of sustainable development and energy conservation goals. 

 

6. Conclusion 

Translation: The development and application of thermal management technology have broad prospects 

in the application of metal aluminum in the energy-saving field. As an excellent thermal conductor and 

flexible material, metal aluminum can improve heat conduction efficiency and heat dissipation effects 

in thermal management devices, thereby enhancing energy utilization efficiency and reducing energy 

loss. However, the application of metal aluminum also faces challenges such as cost and sustainability 

considerations. The development and application of metal aluminum can be promoted by reducing 

manufacturing costs and promoting innovative sustainable production and application technologies. In 

addition, issues related to the recycling and environmental friendliness of metal aluminum also need 
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attention. The establishment of a sound recycling system, the promotion of green production, and 

technological innovation can achieve the sustainable development of metal aluminum. Most 

importantly, promoting the application and development of metal aluminum requires collaboration 

from various stakeholders, including cross-industry collaboration, collaboration between academia and 

industry, as well as international cooperation and global exchange. Through collaboration, resources 

can be integrated, knowledge can be shared, and the widespread application of metal aluminum in the 

energy-saving field can be jointly promoted, contributing to energy conservation, emissions reduction, 

and sustainable development. 
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