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Abstract: This comprehensive review explores the profound influence of capacitor technologies on 

circuit design efficiency, performance characteristics, and environmental sustainability. Capacitors, 

as fundamental passive components, play a pivotal role in electrical circuits by facilitating functions 

such as filtering, energy storage, and coupling [1]. The choice of capacitor type significantly impacts 

circuit performance, affecting parameters including capacitance, frequency response, temperature 

stability, and voltage handling. Advancements in capacitor technology, such as integration into 

integrated circuits (IC), enhance circuit efficiency by reducing parasitic effects and improving signal 

integrity [2]. The environmental impact of capacitors is substantial, with significant implications for 

material extraction, manufacturing, and disposal. As the electronics industry evolves, adopting 

sustainable practices like recycling and repurposing capacitors becomes crucial. This review 

integrates lifecycle assessments and comparative analyses of disposal methods to provide insights 

into designing and managing capacitor technologies for a greener environment. This literature 

review contributes to the development of more sustainable electronic systems by highlighting the 

interplay between capacitor technology, circuit design efficiency, and environmental stewardship. 

Optimizing capacitor selection and disposal practices enhances circuit performance while 

minimizing environmental impact, aligning with broader efforts to reduce electronic waste and foster 

a sustainable electronics industry. This review supports the advancement of environmentally 

conscious circuit design practices through a comprehensive understanding of capacitor technologies 

and their lifecycle implications. 

Keywords: capacitance; resistance; inductance; coupling; decoupling; recycling; frequency; 

sustainability; efficiency; performance 

 

1. Introduction 

This introduction sets a stage for a comprehensive investigation into the impact of different 

capacitor types on the circuit design, and performance into terms of circuit efficiency, as well as the 

disposal and sustainability challenges associated with different capacitor technologies. By exploring 

the sustainability and disposal considerations that are associated with different capacitor types, we 

aim to address the ecological footprint in the capacitor manufacturing and aim to promote practices 

that are environmentally conscious in the electronics industry. Thus, it is an utmost priority in the 

field of electronics and electrical engineering to address environmental implications of the 

production of capacitors and their disposal, as well as to address their impact on the design of the 

circuit and the efficiency of these electrical circuits in terms of functionality and performance in the 
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modern-day sustainability-focused world. In terms of electronics and electrical engineering field, a 

capacitor is briefly defined as a passive electronic component that stores energy in the form of an 

electrostatic field, which consists of two conducting plates separated by an insulating material called 

the dielectric [1,2]. The capacitance (i.e. the maximum amount of electric charge that a capacitor can 

store, which is usually known as the rated value of the capacitor) is directly proportional to the 

surface areas of the plates and inversely proportional to the separation between the plates [3]. The 

capacitance is commonly measured in farads (F), microfarads (μF), nanofarads (nF) or picofarads (pF) 

depending on the scale of the capacitor rating [3,4]. Capacitors are either connected in series or in 

parallel to achieve the desired capacitance and voltage rating for specific applications in particular 

electrical circuitry [3,4]. 

Furthermore, capacitors are utilized in a wide range of applications, from power supplies and 

energy storage instruments to bypassing and decoupling or coupling in the electrical circuits [5]. 

Thus, with different types of capacitors offering unique characteristics for specific applications, the 

choice of the type of a capacitor significantly affects parameters of an electrical circuit such as the 

efficiency and performance of the circuit. For illustration, capacitors with low equivalent series 

resistance (ESR) and equivalent series inductance (ESL) are preferable for bypassing and decoupling, 

as they provide better power filtering and noise reduction [5,6]. However, capacitors with high 

capacitance and low equivalent series resistance (ESR) are appropriate for energy storage and sudden 

load change applications where high current is a requisite [6]. Table 1 evaluates six capacitor types 

by contrasting technical performance (ESR, ESL, stability) with environmental metrics (recyclability, 

hazardous materials). 

Table 1. Overview of Capacitor Types and Their Properties. 

Capacitor Type 
Key 

Applications 
ESR ESL 

Capacitance  

Stability 
Recyclability 

Hazardous 

Materials 

Energy  

Intensity 

Failure 

Risks 

MLCC 

(Ceramic) 

Bypass,  

Decoupling,  

RF Tuning 

Low Low 

Moderate  

(Voltage /  

Temperature  

Sensitive) 

40% 

Barium  

Titanate 

(Class II / 

Class III) 

Moderate 

Cracking 

(Mechanical 

Stress) 

Aluminum 

Electrolytic 

Power  

Supplies,  

Energy  

Storage 

High Moderate 

High  

(Voltage /  

Temperature  

Stable) 

25% 

Liquid  

Electrolyte  

(Ethylene 

Glycol) 

High 

Venting 

(Toxic Gas 

Emission) 

Polymer-

Tantalum 

High  

Frequency  

Filtering 

Moderate Low 
High  

(Stable) 
60% None Moderate 

Short 

Circuiting 

(Fire Risk) 

Film  

(Polypropylene) 

Audio  

Coupling,  

AC Filtering 

Low Low 
High  

(Stable) 
70% None Low 

Melting 

(High  

Current) 

Class 1  

Ceramic 

RF  

Components 
Low Low 

High  

(Stable) 
40% 

Barium  

Titanate 
Moderate 

Frequency 

Drift  

(Aging) 

Supercapacitor 
Energy  

Storage 
High High 

Moderate 

(Voltage 

Sensitive) 

50% 
Organic 

Electrolytes 
High 

Thermal 

Runaway 

(Leakage) 

ESR (Equivalent Series Resistance): Lower values improve filtering / noise reduction. ESL (Equivalent Series 

Inductance): Critical for high-frequency performance. Recyclability: % of recoverable materials (metals vs. 

dielectrics). Hazardous Materials: Substances requiring special disposal (e.g. liquid electrolytes). Energy 

Intensity: Manufacturing process energy consumption. Failure Risks: Environmental consequences of 

component failure. MLCC acronym stands for Multilayer Ceramic Capacitors. 

The table elucidates the superior performance of MLCCs (Multilayer Ceramic Capacitors) and 

Class 1 ceramics in high-frequency applications, attributable to their low equivalent series resistance 

(ESR) and equivalent series inductance (ESL). In contrast, aluminum electrolytic capacitors excel in 
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power storage capabilities, but present significant toxicity concerns due to the use of liquid 

electrolytes. Film capacitors emerge as the most environmentally sustainable option, boasting a 

recyclability rate of 70% and the absence of hazardous materials, which starkly contrasts with the 

25% recyclability rate of electrolytic capacitors. Moreover, supercapacitors are associated with the 

risk of thermal runaway, while MLCCs encounter challenges related to barium titanate. The table 

underscores the inherent trade-offs between circuit efficiency and ecological impact, emphasizing the 

necessity for engineers to prioritize lifecycle sustainability in their design processes. 

1.1. Research Motivation 

This research is motivated by the dual imperative of enhancing electronic device performance 

through optimal capacitor selection while simultaneously addressing the environmental challenges 

posed by electronic waste and the sustainability of capacitor materials. 

• Capacitors play a pivotal role in energy storage, filtering, and signal processing within electronic 

circuits. Their selection is critical for optimizing circuit performance, highlighting the need for 

in-depth research into their characteristics and applications. 

• Analyzing the performance implications of various capacitor types—such as ceramic, 

electrolytic, and tantalum—can lead to advancements in design efficiency and overall electronic 

device enhancement. Understanding these differences is vital for engineers and designers 

aiming to improve circuit functionality. 

• The presence of materials in many capacitors that pose disposal challenges raises significant 

environmental concerns, contributing to the growing issue of electronic waste. Addressing these 

challenges is essential for promoting sustainable practices in the electronics industry. 

• This research seeks to explore and identify sustainable practices in the production and disposal 

of capacitors. By focusing on minimizing environmental impact while maintaining performance 

standards, the literature review aims to contribute to more responsible manufacturing processes. 

• The importance of balancing technological advancements with ecological responsibility is 

further explored in this research as to ensure that future innovations in electronics are both 

efficient and sustainable, thus this research aims to foster a more environmentally conscious 

approach in the field of electrical engineering. 

1.2. Research Novelty  

To the best of our knowledge, no comprehensive systematic research exists that examines the 

effects of different capacitor types on circuit design and performance, alongside their environmental 

implications. This research introduces a novel dual approach that emphasizes both the functional 

properties of capacitors and the importance of environmental responsibility, thereby making a 

significant and unique contribution to the existing literature. 

• This study uniquely combines electrical engineering principles with environmental science, 

addressing how the choice of capacitor affects not only circuit efficiency but also long-term 

sustainability through proper disposal and recycling practices. 

• By examining advancements in capacitor technology, such as eco-friendly materials and 

manufacturing processes, this research highlights innovative solutions that align with Global 

Sustainability Goals, commonly known as Sustainable Development Goals (SDGs). 

• The findings are intended to guide designers and engineers in understanding the trade-offs 

between performance and environmental impact, thereby facilitating informed decision-making 

in the selection of capacitors for various applications. 

2. Type of Capacitors 

In modern-day electronics and electrical field, there are various types of capacitors employed in 

different electrical circuity due to their unique characteristics to yield high performance and good 

integrity of the circuitry. For illustration, common types of capacitors include the ceramic capacitors 
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which are widely utilized due to their versatility and reliability while offering stable capacitance 

values suitable for high-frequency applications such as decoupling power supplies because they have 

low inductance [7]. Then the electrolytic capacitors which are commonly employed due to their high 

capacitance and compact size, but they are temperature sensitive, and they have relatively high 

current leakage, thus, making them ideal for applications such as DC Power Supplies and energy 

storage instruments [8]. And the film capacitors which are widely utilized in applications requiring 

high frequency, high current, high power and high voltage handling capabilities for their excellent 

reliability and low equivalent series resistance and inductance, as well as they have a long lifespan 

[9]. They have various types such as polyester capacitors, metallized film capacitors and 

polypropylene capacitors (i.e. capacitors made of materials such as polyester, metallized film or 

polypropylene that use these materials as very thin plastic film for a dielectric insulation) which are 

often utilized for bypassing and decoupling purposes [3,5,9]. 

Moreover, the commonly used types of capacitors includes the tantalum capacitors which have 

higher capacitance per volume and low equivalent series resistance (ESR), and they employ tantalum 

material to form the anode of the capacitor (i.e. offering polarity), thus they are utilized in 

applications where maximum capacitance in a small space is essential, where stability over a range 

of temperatures or voltages is a requisite and where reliable performance is a crucial factor [10,11]. 

Then the variable capacitors are a type of capacitors whose capacitance is deliberately and repeatedly 

changed either mechanically or electronically, which are often utilized in LC tank circuits to set the 

resonance frequency such as tuning radios or a variable reactance for impedance matching in antenna 

tuners (i.e. these capacitors are significantly important in applications requiring high-powered 

transmitters such as military radio technology, commercial radios and broadcasting in 

telecommunications due to their high working voltage and current handling capacity in applications 

including symmetrical antenna tuners and Radio Frequency (RF) power amplifier) [12]. And the 

silver mica capacitors are also commonly known as precision capacitors due to their high stability, 

reliability and performance [13]. This type of capacitors are non-polarized components which employ 

mica as their dielectric material with thin silver coatings playing a role of electrodes [13]. Their 

construction guarantees high precision in their values of capacitance thus making them very suitable 

for applications requiring accuracy and stability, such as oscillators, filters and resonant circuits [14]. 

Despite their high-cost relative to other dielectrics, they have features which include high stability, 

low dielectric loss, high quality factor, high insulation resistance and low temperature coefficient, 

which are desirable in applications demanding high accuracy and performance [14,15]. 

Furthermore, the commonly utilized capacitor types include the poly-carbonate capacitors 

which are a type of capacitor that employs polycarbonate as its dielectric material, and they are 

utilized due to their high stability and tolerance, and their ability to operate over a wide temperature 

range, approximately from 55°C to +125°C without degrading its rating [15]. They have features 

which include high insulation resistance, low dissipation factor, self-healing properties that enhance 

their reliability and longevity, and a reasonable dielectric constant due to their size [15,16]. However, 

this type of capacitors is no longer manufactured or readily available in the electronics and electrical 

industry as their production was ceased in early 2000 by their major manufacturer called The Bayer 

Corporation [16]. Then the polystyrene capacitors are a type of capacitors which have low distortion 

factor making them popular in audio applications [16,17]. They are utilized in applications requiring 

high tolerance capacitors and in various equipment such as guitar amplifiers, power amplifiers, and 

Cable Television (CATV) amplifiers because they have features such as low power factor, high quality 

factor, low dielectric absorption, low distortion, low leakage, high insulation resistance and excellent 

temperature and capacitance stability [18]. Not only do they have a wide range of capacitance from 

approximately 10pF to 2μF but also a small deviation of about ±0.1% in precision [19]. 

Furthermore, the paper capacitors are the type of capacitors that employ the paper as a dielectric 

material such that two metallic plates are separated by a paper sheets and these papers are coated 

with wax to protect them from environmental hazards [19,20]. These capacitors have fixed 

capacitance ranging from about 500pF to 50nF, and they have significant leakage current [21,22]. 
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However, due to their hygroscopic nature which requires sealing, they are most suitable for low 

frequency applications and DC circuits instead of high frequency applications [23]. Then the bipolar 

capacitors are a type of capacitors that can store electrical charge in both polarities, and they have 

features such as high energy storage capacity and low equivalent series resistance [24]. Hence, they 

are designed to have voltage ratings that are higher than the voltage of the power supply or the 

voltage of the circuit in which they are utilized [24,25]. These capacitors are commonly employed in 

applications such as power supplies (i.e. they smooth out the voltage and provide a stable power 

supply in the voltage regulators), high frequency circuits (i.e. in radio transmitters and receivers, 

where they assist to filter out undesirable noise and improve the signal quality) [26]. This type of 

capacitors is commonly made of materials such as tantalum, aluminum, or film, and they have 

various types such as electrolytic, ceramic or film capacitors [27]. 

In addition, the feed through capacitors are the type of capacitors that are designed to allow the 

passage of electrical signals or power through a material such as a metal or ceramic, while providing 

capacitance [28]. They have features such as low equivalent series resistance and high-quality factor, 

which enables them to handle high power levels and maintain high performance over a wide 

frequency range [29]. Thus, they are commonly utilized in high frequency applications such as Radio 

Frequency (RF) circuits including amplifiers, filters and tuning circuits; where they help with high 

impedance matching and improving the signal quality [30]. 

 

Figure 1. An image showing different capacitor types (Available online at: Link). 

3. Circuit Design and Performance 

The choice of capacitor in circuit design significantly impacts the performance of the electronic 

system. Different types of capacitors have unique properties and characteristics that make them 

suitable for specific applications. In this literature review, we explore the impact of various capacitor 

types on circuit design and performance.  

A. Ceramic capacitors 

Ceramic capacitors are widely used in electronic circuits due to their high stability, low cost, and 

high voltage handling capabilities. They are commonly used for decoupling power supplies for 

integrated circuits (ICs) and filtering applications. However, their capacitance value can change with 

voltage and temperature, which can affect the circuit’s performance in certain applications [31].  

B. Electrolytic capacitors 
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Electrolytic capacitors are known for their high capacitance and low cost. They are commonly 

used in power supplies and filtering applications. However, they have a limited lifespan, can suffer 

from self-discharge, and can lose capacitance over time. Additionally, they have a polarized design, 

which means they must be installed correctly in the circuit to avoid damage [32]. 

C. Tantalum capacitors 

Tantalum capacitors are known for their high stability, low leakage current, and high volumetric 

efficiency. They are commonly used in applications that demand high reliability and volumetric 

efficiency. However, they have a higher cost than aluminum electrolytic capacitors and can suffer 

from catastrophic failure if overstressed [33].  

D. Film capacitors  

Film capacitors are known for their high stability, low loss, and high voltage handling 

capabilities. They are commonly used in power supplies, filtering applications, and high-frequency 

circuits. However, they have a higher cost than ceramic and aluminum electrolytic capacitors and 

can suffer from microphonic effects, which can cause noise in the circuit [34].  

E. Supercapacitors  

Supercapacitors are known for their high energy storage capabilities and high-power density. 

They are commonly used in energy harvesting, renewable energy, and backup power applications. 

However, they have a lower voltage rating than other capacitor types and can suffer from high self-

discharge rates [35]. 

The choice of capacitors affects circuit performance. Ceramic capacitors are stable and cost-

effective, while electrolytic ones offer high capacitance but have limited lifespans. Tantalum 

capacitors provide reliability, film capacitors are low-loss, and supercapacitors excel in energy 

storage but have lower voltage ratings and higher self-discharge rates. Table 2 provides overview of 

capacitor types, their properties and applications, and their respective pros and cons. 

Table 2. Summary of the capacitor types, their properties, applications, pros and cons. 

Capacitor Type Key Characteristics Common Applications Pros Cons 

Ceramic 

Capacitors 

High stability, low cost, 

high voltage handling, 

high sensitivity 

Decoupling power 

supplies, filtering 

bypassing 

Low cost, stable 

performance in 

power supply 

decoupling 

Capacitance can vary 

with voltage and 

temperature 

Electrolytic 

Capacitor 

High capacitance, 

polarized, shorter 

lifespan 

Power supplies, 

filtering 

High capacitance, low 

cost 

Limited lifespan, risk 

of failure if 

installed incorrectly 

Tantalum 

Capacitors 

High stability, low 

leakage, high efficiency, 

expensive 

High reliability 

applications, compact 

designs 

High reliability, low 

leakage, smaller size 

compared to others 

Expensive 

catastrophic failure if 

overstressed 

Film 

Capacitors 

High stability, low loss, 

high voltage handling, 

costlier 

Power supplies, 

filtering high frequency 

circuits 

Very stable, low 

losses, great for high 

voltage applications 

Higher cost, 

microphonic effects 

can cause noise 

Super 

Capacitors 

High energy storage, 

low voltage rating, 

higher self-discharging 

Energy harvesting, 

backup power, 

renewable energy 

High energy density, 

quick 

energy release 

Low voltage rating, 

high self-discharge 

rate 

Table 2 summarizes various capacitor types, highlighting their key characteristics, applications, 

advantages, and disadvantages. Ceramic capacitors offer high stability at low costs, while electrolytic 

capacitors provide high capacitance but have limited lifespans. Tantalum capacitors excel in 

reliability, film capacitors in low losses, and supercapacitors in energy storage, albeit with specific 

drawbacks. 

4. Environmental Implications 

The environmental effect of capacitors varies according to the kind of capacitor and 

manufacturing procedures used. The manufacturing of capacitors involves various materials and 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2025 doi:10.20944/preprints202504.0201.v1

https://doi.org/10.20944/preprints202504.0201.v1


 7 of 12 

 

processes, each contributing to its environmental impact. The production of capacitors faces several 

critical challenges that pose environmental and health risks. One prominent issue is the extraction of 

raw materials, such as aluminum, tantalum, and ceramics, which often results in deforestation and 

habitat destruction [36]. These mining activities can release harmful pollutants into air and water 

sources, adversely affecting ecosystems and human health [36,37]. Furthermore, the manufacturing 

process of capacitors is characterized by high energy consumption, leading to substantial greenhouse 

gas emissions [38]. This contributes significantly to global warming and climate change, highlighting 

the urgent need for more sustainable practices within the industry. 

In addition to environmental concerns, the use of hazardous chemicals during capacitor 

production presents severe risks. Majority of capacitor types require solvents and acids, which, if not 

managed properly, can contaminate soil and water supplies [39]. The cumulative impact of these 

challenges underscores the importance of adopting environmentally friendly practices and 

technologies in capacitor manufacturing. Addressing these issues not only mitigates ecological 

damage but also promotes public health and safety, paving the way for a more sustainable future in 

electronic component production.  

To address these environmental challenges, capacitor manufacturers ought to adopt various 

sustainable practices, including responsible sourcing of materials, energy efficiency, green chemistry, 

recycling initiatives, and Extended Producer Responsibility (EPR). These practices can minimize the 

ecological footprint of capacitor production and contribute to a greener and more sustainable future. 

The industry initiatives, such as establishing industry-wide standards and certifications for 

sustainable capacitor manufacturing, can guide companies towards sustainable practices and foster 

environmental consciousness. Government incentives and regulations, such as offering incentives, 

tax breaks, or grants to capacitor manufacturers implementing sustainable measures, can also 

encourage sustainable design, reuse, and proper recycling. 

The environmental impact of capacitor manufacturing is a critical aspect of modern technology. 

By embracing sustainable practices, capacitor manufacturers can significantly reduce their ecological 

footprint, thereby fostering a greener and more sustainable future. Collaborative initiatives, bolstered 

by the support of industry associations and governmental bodies, are essential in facilitating a 

transformative shift towards ecological responsibility within the electronics sector. Such partnerships 

not only enhance the industry’s commitment to sustainability but also promote innovation and 

accountability, ultimately leading to a more environmentally conscious manufacturing landscape. 

Figure 3 illustrates the primal environmental impacts of capacitor manufacturing across four 

categories: raw material extraction, energy consumption, hazardous chemicals, and electronic waste. 

 

Figure 3. Sustainability Priorities in the Capacitor Manufacturing Sector. 
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The bar chart presents the environmental implications associated with various aspects of the 

electronics industry. It highlights the key categories of impact, including raw material extraction, 

energy consumption, hazardous chemical usage, and electronic waste management. The data 

indicates that responsible sourcing, energy efficiency, green chemistry, and recycling initiatives are 

crucial in minimizing the industry’s ecological footprint. This information underscores the need for 

collaborative efforts among manufacturers, industry associations, and governments to drive a 

sustainable transformation within the electronics sector, fostering a greener and more 

environmentally conscious future. 

5. Sustainability and Disposal Concerns 

As global environmental awareness rises and the urgency to address climate change intensifies, 

industries are increasingly pursuing sustainable practices to reduce their ecological impact [40]. 

Capacitor manufacturing, a vital part of the electronics industry, is significant in this context. With 

the growing demand for electronic devices, it is crucial to assess the environmental implications of 

capacitor production and to implement sustainable practices that reflect ecological responsibility. 

Different types of capacitors have different environmental challenges as mentioned previously in the 

environmental implications and they require sustainable practices to minimize their ecological 

footprint. Capacitors are widely used in electronic circuits for storing and managing energy, with 

typical applications including filtering, decoupling, energy storage, and tuning. However, practical 

capacitors are non-ideal and contain parasitic elements that can significantly affect their performance, 

such as equivalent series resistance (ESR) and equivalent series inductance (ESL) [40,41]. Improper 

disposal and recycling of capacitors can lead to electronic waste, further burdening landfill sites, 

causing potential environmental harm and posing health risks to humans and wildlife due to the 

leaching of toxic substances [42].  

In response to these challenges, manufactures can opt for ethically sourced raw materials to 

minimize the ecological impact of extraction, ensuring sustainable practices are followed throughout 

the supply chain. Energy efficiency can be achieved by implementing energy-efficient manufacturing 

processes, utilizing renewable energy sources, and optimizing equipment to reduce the carbon 

footprint of capacitor production [42,43]. Green chemistry involves exploring eco-friendly 

alternatives to hazardous chemicals, promoting the use of safer substances and adopting green 

chemistry principles to minimize environmental risks [44]. Recycling initiatives can promote a 

circular economy by recovering valuable materials from end-of-life capacitors, reducing the need for 

new raw materials and minimizing waste [45]. Extended Producer Responsibility (EPR) encourages 

sustainable design, reuse, and proper recycling by involving manufacturers in the entire lifecycle of 

the product, from production to disposal [46].  

Moreover, the path towards a sustainable future for the capacitor manufacturing industry 

requires a multifaceted approach. Collaborative efforts from manufacturers, policymakers, 

consumers, and industry associations are essential to address the various environmental impact 

areas. Establishing industry-wide standards, government incentives, and consumer awareness can 

collectively drive the adoption of responsible sourcing, energy efficiency, green chemistry, and 

recycling initiatives. By embracing these sustainable practices, capacitor manufacturers can 

contribute to a greener and more environmentally conscious electronics sector, benefiting both the 

environment and their long-term business operations. 

6. Conclusions 

The impact of capacitor types on circuit design and performance is significant, as different 

capacitor types exhibit unique properties that influence their suitability for specific applications. 

Capacitor types include ceramic, electrolytic, supercapacitors, and others, each with distinct 

characteristics such as capacitance, voltage rating, ESR, leakage, and temperature stability. These 

properties impact the capacitor’s ability to store and discharge electric charge, filter signals, decouple, 
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and withstand voltage spikes and transient events. Environmental implications, particularly disposal 

and sustainability considerations, are also crucial factors in capacitor selection. Electrolytic 

capacitors, for instance, have a shorter lifespan and degraded performance over time, leading to a 

higher replacement rate and increased waste generation. Supercapacitors, on the other hand, offer 

high-power delivery and high-efficiency charge or discharge cycles but they have a high self-

discharge rate when idle, which can impact on their overall energy efficiency.  

Sustainability and disposal concerns are critical aspects of capacitor manufacturing and 

utilization. Responsible sourcing of materials, energy efficiency, green chemistry, recycling 

initiatives, and extended producer responsibility (EPR) are essential practices for minimizing the 

ecological footprint of capacitor production and disposal. Industry initiatives, government 

incentives, and consumer awareness are vital to promoting sustainable capacitor manufacturing and 

disposal practices. Therefore, the choice of capacitor type significantly impacts circuit design and 

performance, and environmental implications must be considered in capacitor selection and disposal. 

Adopting sustainable practices in capacitor manufacturing and disposal is crucial for minimizing 

environmental impact and promoting a circular economy in the electrical and electronics industry. 
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