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Abstract: The field of renewable energy technologies greatly benefits from the use of environmentally  friendly electroplating. 
Advanced electroplating techniques have the potential to significantly increase the longevity and efficiency of a variety of 
renewable energy systems,  such as wind  turbines and solar panels, more efficient photovoltaic cells to be able to capture more 
solar energy at a reduced cost can be produced utilizing advanced electroplating materials.The wind energy industry is one that 
can significantly benefit the sector through advanced electroplating materials that help to increase efficiency and improve 
durability in wind turbines. Electro plating’s role in renewable energy goes beyond improving existing technologies; it also 
involves innovating and making new technologies possible. Lighter, more robust, and more efficient renewable energy 
components are becoming possible thanks to developments in electroplating techniques like composite plating and selective 
plating. When considering electro plating’s future in relation to renewable energy technologies, there are a lot of opportunities 
for development and innovation. 
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I. INTRODUCTION 
Electroplating plays a broad and crucial role in renewable energy technologies. In addition to supporting the expansion of renewable 
energy, electroplating helps achieve the more general environmental objectives of lowering carbon footprints and encouraging 
sustainable industrial practices by making it possible for more resilient, efficient, and sustainable energy solutions. The field of 
renewable energy technologies greatly benefits from the use of environmentally  friendly electroplating. Advanced electroplating 
techniques have the potential to significantly increase the longevity and efficiency of a variety of renewable energy systems,  such 
as wind  turbines and solar panels. Due to the growing need for efficient and sustainable energy solutions, electroplating which has 
historically been used for decorative purposes,  corrosion protection and improving the electrical conductivity of components is now 
playing a crucial role in the renewable energy industry. The shift to renewable energy sources such as solar, wind and hydropower 
has been made important as the world community intensifies its efforts to combat climate change. Electroplating plays a critical role 
in this green revolution in improving the performance, life and efficiencies of the renewable energy systems.                              
Electroplating, for example, is used in solar panels to produce highly conductive and corrosion resistant layers that improve 
photovoltaic cell efficiency(ProPlate, n.d.). Electroplated parts in wind turbines can also endure severe weather, greatly increasing 
the installations' dependability and lifespan. Electroplating has always played a huge part in the renewable energy field, not only 
amping up production of current technologies but also innovating and making new technologies possible. Advances in such 
electroplating methods as composite plating and selective plating are making possible lighter, more solid, and more energy-efficient 
renewable energy parts and components. As it has been shown in recent analyses, the global market of electroplating is expected to 
grow steadily in the next decade, reaching the range of ~3-6 percent CAGR (Mordor Intelligence, 2025; Lucintel, 2024; Global 
Industry Analysts, 2025; Industry ARC, 2024). This is an indicator that electroplating technologies are becoming compatible with 
renewable energy and sustainability goals. The future of the field is associated with a promising period of energy technologies 
advancement, when traditional ways are combined with modern needs of the clean and sustainable future. With the advent of 
renewable energy technologies, electroplating a process that has been essential to manufacturing for more than a century is 
undergoing a revolutionary comeback.   Furthermore, the global movement towards sustainable manufacturing practices is in line 
with the development of ecofriendly electroplating processes. The important role that cutting edge electroplating technologies are 
positioned to play in the rapidly expanding renewable energy sector is highlighted by this convergence of innovation and 
sustainability(Gugua, Ujah, Asadu, Von Kallon, & Ekwueme, 2024). Additionally, electroplating has the potential to transform 
energy storage devices like supercapacitors and batteries, which are essential to the use of renewable energy sources (Sadeghi, 
2019)(Bellani et al., 2019).  
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Electroplating can be used to precisely layer materials at the molecular level, which can aid in the design of batteries that have 
longer lifespans, higher charging rates, and greater power storage. Advances in the functionality and efficiency of renewable energy 
systems are made possible by the ability to modify the characteristics of electroplated layers at the atomic level. (Dai, 2020) The 
manufacturing of energy components may undergo a substantial change in the upcoming years as more research and development is 
directed towards this field, resulting in more efficient and sustainable energy solutions globally. 
 

II. ENVIRONMENTAL ISSUES 
Conventional electroplating normally depends on the hexavalent chromium (Cr(VI))-based and cyanide-based electrolytes, which 
are highly dangerous to the environment and human health. The toxicity of Cr(VI) is considerably more harmful than the one of 
Cr(III) and is ranked as carcinogenic (Wise et al., 2022)Beyond toxic effluents, electroplating operations powered by fossil-derived 
electricity contribute indirectly to greenhouse gas emissions, making sustainability a dual challenge of chemical safety and energy 
sourcing. In the metal plating industry, environmentally friendly electroplating is essential for both safety and pollution 
control(Bender et al., 2022). By implementing environmentally friendly development strategies, the electroplating industry should 
eliminate the majority of its hazardous waste. Lead, thallium, cadmium, mercury, arsenic, chromium, copper, nickel, and antimony 
are among the most hazardous heavy metals that are utilised in industrial processes and are major environmental  contaminants. 

 
 

III. ECO-FRIENDLY ELECTROPLATING PROCESSES FOR ENVIRONMENTAL SUSTAINABILITY 
Over the recent years, the issue of environmentally sustainable technologies has become more significant. Electroplating is 
extremely polluting, yet the invention of new technologies has resulted in more eco-friendly electroplating procedures. As 
businesses and authorities look for more environmentally friendly production methods, eco-friendly electroplating techniques are 
becoming more and more significant. Metal coatings are applied to objects using conventional electroplating techniques to improve 
their resistance to corrosion, wear, and  as well as their visual appeal. But these traditionalmethods frequently involve the use of 
dangerous chemicals, such as cyanides and heavy metals, which are harmful to the environment and human health. The goal of the 
ecofriendly electroplating movement is to increase the energy efficiency of the plating processes while minimising or doing away 
with the use of these hazardous materials. To counter the problem, they are developing newer greener electroplating processes. 
Among them, there is the replacement of plating solutions with alternative, non-toxic and biodegradable electrolytes; introduction of 
close-loop recycling systems to minimize waste inefficiency. Advances such as trivalent chromium baths, non-cyanide zinc 
processes, and closed-loop recycling systems are reducing hazardous waste and energy use (Islam et al., 2024; Cannon Industrial 
Plastics, n.d.; Giurlani et al., 2024). 
A key component of this change is the use of non-toxic metals and alloys, water-based solutions rather than organic solvents, and 
sophisticated waste treatment technologies. Technological advancements such as pulse plating,(Cannon Industrial Plastics, n.d.)  
which applies electrical current in surges  rather than continuously, can enhance plating quality while lowering waste and energy 
usage. Ionic liquids and pulse/pulse-reverse plating have better control of grain size, porosity and adhesion with less toxic additive 
requirements (Costa, Costa, Almeida Neto, 2022; Chandrasekar Pushpavanam, 2008).Closed-loop wastewater systems using 
electrodialysis, ion exchange, and electrolytic recovery have shown metal recovery efficiencies above 80–90% in case studies, 
though results depend on chemistry and scale (Gurreri et al., 2020; Kim et al., 2022; Guo et al., 2024).The use of environmentally 
friendly electroplating is probably going to increase as renewable technologies continue to progress.  
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In line with the overarching objectives of the renewable energy industry, research is being done to optimise these techniques to 
consume less energy and resources. Furthermore, the creation of new, less hazardous plating materials and the enforcement of more 
stringent waste management laws in industrial operations will keep pushing advancements in this area. This convergence of 
environmental sustainability initiatives and electroplating technology is expected to be critical to the global scalability and efficacy 
of renewable energy    solutions.  Heavy metals in particular are harmful air pollutants produced by electroplating techniques. 
Chromium and nickel, two of the most popular decorative plating metals, are also potentially hazardous to human health; one of 
them, namely chromium, is considered to be potentially carcinogenic. Thus research and development about increased safety and 
sustainability of electroplating processes (materials start-ups) are done. Environment-friendly chromium plating methods—
favouring Cr(III) over toxic Cr(VI)—are increasingly adopted to mitigate health and environmental risks(Islam, Hasan, Poroma, & 
Akter, 2024). As a result, there has been the provision of sustainable solutions for chrome plating by allowing for electroplating for 
both functional and decorative applications.  
 

IV. ELECTROPLATING IN WIND TURBINE PRODUCTION 
The process of electroplating is used in wind turbines to prevent corrosion and wear on vital metal parts. Because wind turbines 
operate in harsh conditions, their metal components must  be coated to resist moisture, salt, and extremely high or low 
temperatures.Electroplated coatings are important to offshore wind turbines being in the atmospheric zone, where there is splash 
zone and submerged zone. Anticorrosive galvanic layers, e.g., zinc-, nickel-, and aluminum-based, are established to fight corrosion, 
where field and accelerated testing is also used to qualify against standards such as ISO 12944 and NORSOK (Marinova et al., 
2022; -Juhl et al., 2023; Momber,2011). Notably, coating life is not only a function of material selection but also a factor of 
workmanship, installation and site corrosivity, and therefore, requires stringent QA/QC considerations (Marinova et al., 2022; -Juhl 
et al., 2023). Environmentally friendly electroplated nickel and copper enhance corrosion resistance, and this increases the duration 
of service in offshore turbines (Arrow Electro-Plating, n.d.; Wind Systems, 2020).In order to produce wind turbines, an essential 
part of renewable energy technology, electroplating is essential(Michele-Admin, 2020). The main application for this process is the 
production of different metal wind turbine parts,  like gears, bearings, and other parts that need protective coatings to endure severe 
weather conditions and stop corrosion, wear, and tear over time. The robustness and lifespan of these components are enhanced by 
electroplating which explains its importance in the manufacturing process of wind turbines. One of the most important protective 
structures against oxidative elements and mechanical forces is electroplating that involves the application of a thin coating of metal, 
i.e. copper or nickel, to the surface of turbine components ( Arrow Electro-Plating, n.d.). Because wind turbines are frequently 
subjected to extremely corrosive offshore environments or unpredictable land weather, this is especially crucial. 
 

V. ELECTROPLATING IN SOLAR PANEL MANUFACTURING 
Electroplating is essential to solar panel manufacturing in order to extend the panels' lifespan and efficiency. As the demand for 
renewable energy sources increases, the solar power industry is looking for ways to maximise solar panel performance and 
production. In the production of solar cells, electroplating process which entails the deposition of metal layer of few micron onto a 
surface has a number of advantages, especially in producing the photovoltaic cells upon which the conversion of sunlight into 
electrical energy is greatly dependent. Deposition of metal contacts to silicon wafers is one of the major uses of the electroplating 
process. This is due to the fact that they form the grid marks on the surface of the photovoltaic-cells that work towards the collection 
of the electrons in order to generate electric current. These metal contacts are essential. Silver's superior electrical conductivity has 
led to its traditional use. A thin layer of silver can be evenly and precisely applied by electroplating, which maximises conductivity 
while using the least amount of material possible. In addition to being cost effective, this shows that the solar panels' overall 
efficiency has increased. In the context of renewable energy technologies, especially solar energy, electroplating's future is 
becoming more and more linked to developments meant to lower expenses and lessen their effects on the environment( Rana et al., 
2025).Silver is the dominant contact material in photovoltaic cells, but its high cost and scarcity are bottlenecks. Electroplating 
metallization has demonstrated comparable long-term stability and conductivity in Topcon cells, and heterojunction cells, with 
copper (Zeng et al., 2022; Hatt et al., 2021). The Fraunhofer ISE (2024) reports also success on the work of copper plating at 
industrial scale. Replacing silver with copper will save the expenditure and is more sustainable, since it will help to cut reliance on 
rare metals.The need to create environmentally friendly electroplating methods is growing along with the global emphasis on 
sustainability. Alternative, nontoxic metal sources are being investigated by researchers, who are also creating electroplating 
solutions that use recycled materials, use less energy, and generate less waste.  
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Another positive sign is the exploration of alternative materials such as copper and nickel that can eventually replace silver in 
certain applications and reduce further costs in addition to the improved sustainability in the manufacturing of solar panels (Jeeva, 
Narayanan, & Karthikeyan, 2016). Furthermore, as technology advances, electroplating processes become more accurate and faster, 
increasing production rates a crucial component in supplying the growing demand for solar energy. All things considered, 
electroplating is expected to be crucial to the development of solar panel technology, helping to achieve the dual objectives of 
improving solar panel performance and expanding the accessibility and sustainability of renewable energy technologies globally. 
Electroplating technology is expected to have an even greater impact on the renewable energy industry as it continues to advance.  

 
 

VI. ELECTROPLATING FOR ENHANCED ENERGY STORAGE SOLUTIONS 
In the future, electroplating will play a fundamental role in energy storage mechanisms related to the realization of renewable 
energy forms. The question of electroplating technology can potentially emerge because people will have more of a demand of 
batteries that are of a higher durability and efficiency (Graphene-Info, 2024). Enhancing the longevity and performance of battery 
electrodes is the main benefit of electroplating in energy storage.Electroplating can improve the conductivity of the electrode and 
increase its surface area by applying a thin layer of particular metals or alloys to the electrode surfaces. This is advantageous for 
accelerated ionic exchange.  
In the development of renewable energy technologies, electroplating for improved energy storage solutions is a cutting-edge use of 
electroplating technology. Energy storage systems may undergo a revolution if cuttingedge materials like graphene are incorporated 
into electroplating procedures(Bongu, 2024).The performance of battery electrodes could be greatly improved by electroplating 
graphene, which is renowned for its extraordinary electrical conductivity and mechanical strength. . This approach could reduce the 
weight and size of batteries while increasing their capacity and charging speed, thus playing a critical role in the scalability of 
renewable energy solutions like electric vehicles and grid storage systems(Lavagna, 2020). 
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VII. USE OF ADVANCED ELECTROPLATING MATERIALS FOR SUSTAINABILITY 
Traditional electroplating methods involve the use of toxic and hazardous chemicals, such as cyanide and chromium, which pose a 
significant risk to human health and the environment. These chemicals have metallic constituents with most of them largely 
composed of heavy metals having relatively high densities, higher tensile strength-+. Modern electroplating materials are essential 
for improving the functionality of a wide range of consumer and commercial goods.For many years, electroplatinghas been a crucial 
step in manufacturing. It has been used to increase wear resistance, decrease friction, improve electrical conductivity, and improve 
corrosion resistance, among other advantages. An important development in this field is the incorporation of advanced materials into 
electroplating processes, which promise better qualities and lead to new and creative applications, especially in high-tech industries. 
The choice of electrode material is critical for the electroplating process, as it determines the deposition rate, quality, and efficiency 
of the coating. Researchers are exploring new electrode materials, such as carbon-based materials, graphene, and 2D materials as 
shown in which offer several advantages over traditional electrode materials, including higher conductivity, improved mechanical 
properties, and reduced toxicity. The development of new electrode materials could lead to more efficient, sustainable, and cost-
effective electroplating processes (Zhu, 2014). 
Electroplating is common among metals such as nickel, copper and chromium due to their chemical functionalities that make them 
resist corrosion and conduct electricity exceptionally well. Yet, more of these characteristics can be enhanced through the use of 
sophisticated materials such as nano coatings, alloys and composite materials. Renewable energy technologies are well-known as 
one of the imperative purposes to study advanced materials in electroplating. With the world heading towards a greener form of 
energy solutions, there has been a swell in demand of more efficient and lasting parts 
 

VIII. FUTURE TRENDS AND PROSPECTS OF  SUSTAINABLE ELECTROPLATING 
As far as materials science, robotics, and automation progress, the future of electroplating looks bright and will evolve just as 
technology trends and technologies do. Nevertheless, with reduced market demands, the industry is going to change further and 
manufacturers who will be able to adapt to that dynamic will prevail in long term. However, with the advent of new plating 
technologies, environmentally friendly materials and more specific applications, there is a possibility to gain even more innovations 
and development (Egorov, Gulzar, Zhang, Breen, & O’Dwyer, 2019). 
The trend towards electric and hybrid vehicles; artificial intelligence, internet of things, and nano- and pico-sized electronic devices; 
will likely create new opportunities for electroplating, as these coming technologies require new materials, coatings and processes 
where electroplating will be employed.Sensors, AI, and real-time monitoring are being integrated into plating lines to optimize 
deposition quality and reduce variability . Coatings for extreme environments (offshore wind) and graphene-based electrodes for 
storage are expected to dominate future research (Juhl et al., 2023; Dai, 2020). 
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IX. CONCLUSION 
Future developments in electroplating for renewable energy technologies are probably going  to concentrate on creating plating 
technologies that are more effective and sustainable. By reducing hazardous waste and increasing resource efficiency, the 
electroplating industry must adjust to the growing demand for cleaner energy solutions.The environmental impact could be greatly 
decreased by innovations such as the recycling of metals from used components and the use of nontoxic solvents. Furthermore, by 
using real time monitoring and control systems, the incorporation of smart technologies into electroplating could optimise 
production processes, resulting in lower error rates and higher quality coatings. Because of this, electroplating in renewable energy 
technologies appears to have a bright future ahead of it, with the potential to make major contributions to energy security and 
environmental sustainability. Electroplating helps achieve the larger environmental objectives of lowering carbon footprints and 
encouraging sustainable industrial practices by making it possible for more resilient, efficient, and sustainable energy solutions. This 
helps to support the expansion of renewable energy.  
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