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Abstract: As the Information Technology (IT) sector grows faster, there is
increasing pressure on the environment due to higher energy consumption,
increased resource extraction, and greater electronic waste (e-waste). This
paper discusses some sustainable materials that can be used to combat ongoing
issues supporting sustainable computing and climate goals. This paper
discusses essential materials, including bio-based polymers, recycled metals,
plant-fiber composites, and lead-free solder. These materials help reduce
environmental impacts and support recycling without compromising the
quality. The paper discusses how some companies are using eco-friendly
materials to meet regulations and sustainability goals. Some of the benefits and
challenges are also discussed. In summary, the study emphasizes that using
sustainable materials is crucial for both protecting the environment and
advancing a resilient digital industry.
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Rezumat: Pe masura ce sectorul tehnologiei informatiei (IT) creste mai rapid,
existd o presiune tot mai mare asupra mediului din cauza consumului crescut
de energie, a extractiei sporite de resurse §i a cantitatii mai mari de deseuri
electronice (e-waste). Aceasta lucrare discutd cdateva materiale sustenabile
care pot fi utilizate pentru a combate problemele actuale care sustin obiectivele
de calcul sustenabil si cele climatice. Aceasta lucrare discuta materiale
esentiale, inclusiv polimeri biologici, metale reciclate, compozite din fibre
vegetale si aliaje de lipit fara plumb. Aceste materiale ajuta la reducerea
impactului asupra mediului si sustin reciclarea fara a compromite calitatea.
Lucrarea discuta modul in care unele companii utilizeaza materiale ecologice
pentru a indeplini reglementarile si obiectivele de sustenabilitate. Sunt
discutate si unele dintre beneficii si provocari. In concluzie, studiul subliniazd
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faptul ca utilizarea materialelor sustenabile este cruciald atat pentru
protejarea mediului, cdt si pentru dezvoltarea unei industrii digitale rezistente.

Cuvinte cheie: Inovatie verde. Deseuri electronice, Materiale
sustenabile, Era digitala biodegradabila

1. Introduction
1.1. Environmental Issues Associated with the IT Sector

In this modern society, IT plays an essential role. Over the last two
decades, this sector has experienced rapid growth, but it is also facing
significant environmental challenges. According to a study by [7], data
centers alone consume up to 1% of global electricity, and this demand
continues to grow as digital services expand. Due to the significant extraction
of raw materials for electronics and manufacturing processes, combined with
improper e-waste disposal, pollution, greenhouse gas emissions, and resource
depletion have increased. There is a high level of toxic substances in e-waste,
which can harm both ecosystems and human health if not handled properly.
These issues make the IT industry a significant driver of environmental
decline, underscoring the urgent need for sustainability measures.

1.2. Evolution of Sustainable Computing Principles

The initial idea of sustainable computing is to enhance energy
efficiency and to reduce power consumption in both hardware and software
operations. However, the focus has shifted to a lifecycle approach that
assesses environmental impacts at every stage, from sourcing materials and
manufacturing to device use and disposal [10]. Thus, adopting circular
economy principles by promoting resource preservation, minimizing waste,
and extending product lifespan through designs that support reuse and
recycling. This comprehensive approach aims to lower computing’s
ecological footprint by addressing not only operational efficiency but also the
sustainability of materials and production methods throughout a product’s
lifetime.

1.3. Significance of Material Selection in Sustainability

To achieve eco-friendly computing, it is necessary to get the right
materials. The impact of the environment largely depends on the mining
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practices, energy for processing, and the ease of recycling. In the current
scenario, most electronics are made of rare earth elements, which are highly
harmful to the environment during extraction and whose recycling is
technologically challenging [8]. To mitigate environmental harm, a viable
option is to utilize recyclable metals, plant-based polymers, and innovative
materials that offer improved thermal control and reduced power leakage.
Some studies by [7][13] have shown that using these recyclable materials in
electronics helps reduce ecological damage by nearly 60%, illustrating the
hopeful and transformative potential of these materials

1.4. Connection Between Green Materials and Global Climate
Objectives

One of the key international climate objectives outlined in the Paris
Agreement is to reduce greenhouse gas emissions and transition to sustainable
materials in computing, thereby supporting the climate goal. The IT sector can
reduce emissions from mining, manufacturing, and waste by adopting circular
design and using eco-conscious resources, thereby mitigating environmental
damage from technological growth [12]. This shift also reflects the principles
of Industry 4.0 and the emerging Industry 5.0, both of which emphasize
sustainability and human-centred innovation in technological development

8].

1.5. The Role of AI and Machine Learning in Transitioning to
Sustainable Materials

Artificial Intelligence (AI) and machine learning have a crucial role in
enhancing the transition to sustainable materials. Al helps identify and
integrate sustainable materials, thereby improving efficiency across
production systems and optimizing supply chains. There are Al-powered tools
that support predictive maintenance and resource allocation, helping reduce
costs and waste. This also makes large-scale adoption of eco-conscious
practices feasible. Smart manufacturing supports in minimizing
environmental impacts and also enhances product durability and quality,
reinforcing the foundations of a circular economy [12]. Al-powered tools and
developments shift the focus from narrow energy conservation toward a more
holistic sustainability model. The IT industry, while remaining innovative,
can also reduce its ecological footprint by using eco-conscious materials,
adopting circular strategies, and leveraging Al-enabled production.
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1. Defining Sustainable Materials in the Digital Era

In computing, sustainable materials are renewable, recyclable,
biodegradable, and low-toxic, thereby causing less ecological harm throughout
the life cycle of devices. Companies can replace petroleum plastics with plant-
based polymers, reliance on virgin resources can be reduced with the help of
recyclable metals like copper and aluminium, also biodegradable casings and
circuit boards promise to ease e-waste issues, and eliminating hazardous
substances such as mercury or lead ensures safer recycling and disposal
[7][10][13] [ 9]. The intersection of materials science and IT further accelerates
this shift, with innovations such as plant-derived polymers for casings, Al-
driven analytics to predict material behavior, and loT-enabled smart sensors
that optimize production and recycling workflows, creating adaptive, efficient
sustainability practices [7][9]. In contrast, conventional materials, rare-earth
metals, and fossil-fuel-based plastics are linked to habitat loss, toxic waste, and
recycling challenges that fuel growing e-waste problems [10][13]. Sustainable
alternatives such as recycled metals, bio-based polymers, modular product
designs, and energy-efficient composites not only mitigate these impacts but
also extend product lifespans and reduce energy waste. Collectively, replacing
conventional materials with sustainable alternatives advances circular-
economy goals, reduces the IT sector’s ecological footprint, and supports
climate objectives while sustaining digital innovation.

2. Examples of Sustainable Materials in Computing Devices

Below, we discuss real-world applications that illustrate how
sustainability principles are integrated into practice, delivering innovations
that reduce environmental harm while maintaining high performance.

3.1. Bio-Based Polymers for Housings and Components

Using Bio-based polymers for device casings and components
significantly supports reducing the ecological footprint. These are made from
renewable resources such as cellulose, corn starch, or algae, and they replace
petroleum-derived plastics, which are associated with high carbon emissions
and persistence in ecosystems. This helps reduce dependence on fossil fuels,
and their biodegradable and recyclable nature also contributes to reducing e-
waste. Research has confirmed that bio-based polymer composites bring
durability, strength, and consumer appeal, thus making them suitable for
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commercial applications [16]. Growing consumer demand for sustainable
products further accelerates adoption, pushing manufacturers toward wider
integration [8].

3.2. Recycled Metals for Internal Components and Frameworks

Metals such as copper, aluminium, and gold remain indispensable for
conductivity and structural support in computing hardware. However, mining
them causes extensive ecological damage and requires high energy input [2].
Recycling metals from discarded electronics significantly lowers emissions
and energy use compared to virgin extraction [11]. Modern recovery
techniques now achieve purity levels that meet industry standards for circuits
and frames [4]. Recycled metals also help address the ethical issues linked to
conflict minerals while strengthening supply chain resilience [1]. In doing so,
they extend the material life cycle and reinforce circular-economy goals.

3.3. Plant-Fiber Composites for Device Structures

Another viable alternative that is considered is Plant-fibre composites
in place of conventional plastics and metals in electronic structures. When
renewable fibres such as jute, flax, or hemp are blended with polymer matrices,
manufacturers can produce strong, lightweight, and eco-friendly components
[15]. The benefits of these materials include their biodegradability and
renewability, which simultaneously reduce carbon emissions and toxicity,
ensuring the durability required for device casings and supports. Their
recyclability or composability at end of life contributes to sustainable
production cycles. Industry adoption of plant-fibre composites reflects a shift
toward bio-inspired design strategies that promote circularity [16].

3.4. Lead-Free Solders and Sustainable Conductive Materials

In the case of sustainable electronics, companies are increasingly using
safer materials and lead-free solders, which were previously used for their
melting properties but have caused health and environmental hazards [3]. The
industry has begun moving to tin-copper-silver alloys, in line with RoHS
regulations [4]. These help reduce hazardous waste and facilitate easier
recycling. A study by [17] indicated that conductive polymers and carbon-
based nanomaterials are eco-friendly substitutes for traditional conductors,
offering comparable performance while being lighter and costing less to
produce. These surely strengthen the recyclability and safety of devices
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throughout their lifecycle [18]. These innovations highlight how material
substitution and design choices can reduce ecological impact without
compromising quality, positioning green materials as essential drivers of a
more responsible digital future.

3. Industry Applications Showcasing Sustainable Material
Adoption

Leading technology companies are increasingly adopting sustainable
materials and eco-friendly practices in their product designs. For instance, bio-
based polymers are used in laptop casings to reduce plastic consumption [8§],
while recycled metals constitute nearly half of some smartphone circuitry,
lowering extraction emissions [1]. Companies are also exploring plant-fiber
composites for structural parts, showcasing the scalability of these materials
[15].

4. Adoption in IT Infrastructure and Systems

Sustainable materials are increasingly being integrated into IT
infrastructure, from consumer electronics to data centers and accessories. Bio-
based polymers replace petroleum-based plastics in laptops, desktop PCs, and
portable products, recycled metals minimize mining impacts, and lead-free
solder increases recyclability [5]. Data centers employ recycled metals, bio-
based composites, and high-performance insulation to enhance thermal
management and minimize energy requirements [6]. Peripherals like cables and
keyboards rely on conductive materials, bio-based polymers, and recycled
metals to enable circular cycles. Even the packaging has moved towards molded
pulp, biodegradable materials, and recycled paper that align with circular
economy principles (Reduce, Reuse, Recycle) and are attractive to eco-aware
consumers [8]. All these applications reflect how sustainable materials
minimize environmental footprint without affecting technology performance.

5. Environmental, Economic, and Social Benefits

Enfolding sustainable materials into computing is not only an
environmental imperative but also a means of achieving substantial economic
and social gains. This greater good illustrates why being green is at the center
of long-term IT industry sustainability and responsibility in an ever-evolving
digital era.
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One of the most significant environmental issues the industry faces is
the growing e-waste problem. Standard traditional devices may be disposed
of in the garbage, resulting in the leaching of poisonous chemicals like lead,
mercury, and cadmium into water and soil and posing a hazard to ecosystems
and human health. However, organic composites and biopolymers, for
example, are more recyclable or biodegradable than conventional plastics,
resulting in less waste and less environmental pollution [16]. Recycled metals
in device production also minimize reliance on natural extraction, helping to
reduce waste generation throughout the product life cycle. This not only saves
natural habitats but also reduces the social and environmental burden imposed
by communities near waste dump sites.

Also important is the reduction of carbon that results from sustainable
production practices. Extraction and processing of virgin raw materials, such as
petroleum, plastics, and metals, are energy-intensive and lead to significant
greenhouse gas emissions. Using recycled materials or renewable polymers can
significantly reduce emissions. Recycling metals, for example, takes up to 90%
less energy than extracting and smelting ores [6]. Bio-based polymers, sourced
responsibly, help reduce their carbon footprint by providing a lower carbon
footprint than their fossil-based counterparts. Not only do these reductions help
meet global climate targets, but they also help businesses prepare for increasing
environmental regulations, making them more competitive globally.

Beyond environmental considerations, economic advantages provide
compelling arguments for sustainable material use. Even if green technologies
require higher initial costs, improved efficiency, longer product lifespans, and
reduced reliance on costly virgin materials translate into long-term cost savings.
Circular economy design prioritizes reuse, repair, and recycling, keeping
materials in use longer and reducing the cost of raw materials. Recycling of
high-value metals from used electronics also insulates against commodity price
fluctuation and enhances supply chain resilience [1]. Products designed for
easier disassembly and refurbishment enable producers to minimize production
costs while meeting customer demands for long-lasting, repairable products.
Such measures eventually drive maximum profitability and economic stability,
making sustainability not only green but also profitable.

The ethical and social characteristic of sustainable materials also
speaks to their significance. Since most traditional conflict mineral and rare
earth element supply chains are associated with unfair practices, harmful
working conditions, and environmental disasters [2], transitioning to
responsibly sourced alternatives and recycled inputs reduces reliance on such
practices, thereby supporting fairness and openness in global supply chains.
Companies that embrace sustainable sourcing also improve in-company
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safety by limiting exposure to harmful chemicals and, in most cases, become
engaged in community development activities for the benefit of workers and
surrounding communities. Such steps instill confidence, enhance reputation,
and align business practices with global norms of social responsibility and
ethical trade [14].

To conclude, green computing materials offer an integrated solution
encompassing environmental conservation, cost efficiency, and social
welfare. Their deployment addresses the pressing issues of e-waste, carbon
emission reduction, and cost savings through recycling and reuse, while
promoting fairer and more transparent supply chains. Beyond being an extra
trend, these practices form the foundation of a sustainable IT sector that
innovates and protects global and societal health. With sustainability at the
material level, the digital revolution can evolve in a style that is not merely
technologically sophisticated but also ecologically and societally equitable.

7. Barriers and Future Opportunities

Nevertheless, sustainable materials are gaining more visibility across
the computer sector; however, several problems are restraining them from
widespread adoption. Some of those problems are described below:

7.1 Technological Barriers in Large-Scale Production

Producing sustainable materials, such as recycled metals and bio-
based polymers, poses a significant challenge. The lack of specialized
processing techniques for these materials, which are not yet available for mass
manufacturing, affects both cost and consistency [15]. Additionally, to utilize
these recycled metals in intricate electronic components, advanced
purification processes are necessary to ensure quality and reliability. This calls
for dedicated investment and innovation in manufacturing capabilities.

7.2. Managing Cost and Performance Trade-offs

Green materials tend to be more expensive initially than conventional
materials, ultimately creating a balance between costs and sustainability goals.
However, as new technologies become available and productivity increases
through technological enhancements, production costs should decrease. More
importantly, savings accrued throughout the life of the product, through
efficiency and the reuse of materials, can offset initial costs, making green
materials more economically desirable in the long run.
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7.3. Role of Regulations and Incentives

Regulations like the Restriction of Hazardous Substances Directive
(RoHS-EN IEC 63000:2018) and the Extended Producer Responsibility (EPR-
2008/98/EC) schemes are directing producers toward sustainability through
controls on hazardous chemicals and end-of-life product stewardship. Green
innovation is also encouraged through subsidies and tax relief. Inconsistent
regulatory environments across regions can make compliance more difficult;
hence, consistent requirements are important to foster wider acceptance.

7.4. Emerging Innovations

New technologies hold good promises for the future. Biodegradable
electronics offer a great way to reduce e-waste by enabling the safe
biodegradation of the product after use. New materials like graphene enable
lighter, more efficient parts, and circular IT production aims to close material
loops by focusing on product designs that are repairable, reusable, and
recyclable. All technologies, when properly managed, are good prospects for a
longer-term digital sustainability. Addressing such challenges and capitalizing
on the new opportunities would be key to mainstreaming sustainability as a core
value in computing technology.

8. Conclusion and Strategic Actions

To achieve a clean environment with economic and social benefits,
integrating more sustainable materials into computing is necessary. Reducing
e-waste and carbon emissions brings cost efficiency and supports ethical
sourcing. These developments represent a pivotal shift in the IT industry's
approach to responsibility, and the importance of this transformation is
accelerating as consumer expectations rise, regulations evolve, and
technological progress advances. However, to expedite this transition, a
coordinated framework and incentives are necessary between policymakers and
industry leaders. Implementing rules and regulations, such as restrictions on the
use of hazardous materials, tax reductions, and grants for companies that use
sustainable manufacturing processes, can encourage companies to adopt green
technologies. Companies can also increase transparency in their reporting,
helping them align with sustainability goals and build consumer trust.

Companies can promote sustainability by using eco-friendly materials,
investing in research for greener options, and designing products that are easy
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to repair, reuse, or recycle. Working with suppliers and academic partners can
bring innovative ideas and best practices. Consumers need to be educated
about the benefits of using sustainable electronics, which can boost demand
and encourage responsible buying. It is also necessary to support ongoing
innovation with strong policies and industry commitment, which are essential
for a sustainable digital environment. By combining reasonable regulations
with proactive corporate strategies and scientific progress, the IT sector can
effectively adopt sustainable materials, ensuring that technology development
supports environmental and social goals.
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