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Introduction and Purpose

7th IGPC-IIMA Annual Gold & Gold Markets Conference 2024 organized by 
India Gold Policy Centre at IIM Ahmedabad

Electronic waste (E-waste) is a growing environmental problem, with a projected annual growth 
of 3-5%, three times more than other waste streams. 

It is considered an 'urban mine' as it contains several precious metals, such as gold, silver, and 
copper, which can be recovered and reused as secondary raw materials. 

The extraction of valuable metals from e-waste is an attractive alternative to mining, as it is more 
cost-effective and environmentally friendly. 

This paper aims to discuss the challenges and opportunities in sustainable gold extraction from 
e-waste collection and how we can encourage use of sustainable gold through suitable 
policies. 



Why worry about E-waste
Resource Conservation: Electronic devices 
contain valuable materials such as gold, silver, 
copper, and rare earth metals. Proper e-waste 
recycling ensures the recovery of these 
resources, reducing the need for mining and 
the environmental impact associated with 
resource extraction.

Hazardous Materials: Electronic devices often 
contain hazardous materials like lead, mercury, 
and brominated flame retardants. If not 
managed properly, these substances can 
leach into the environment, contaminating soil 
and water sources.

Energy Efficiency: Recycling e-waste requires 
less energy compared to mining and refining 
virgin materials. Extracting metals from 
recycled electronics consumes fewer 
resources and contributes to energy 
conservation. 

Reduced Greenhouse Gas Emissions: 
Traditional mining and processing of metals 
contribute significantly to greenhouse gas 
emissions. E-waste recycling reduces the 
demand for new raw materials, helping to 
mitigate the environmental impact associated 
with primary resource extraction.

Prevention of Landfill Contamination: Improper 
disposal of e-waste in landfills poses a risk of 
contaminating soil and groundwater. 
Recycling prevents the release of harmful 
substances, ensuring the protection of 
environmental ecosystems.

Human Health: Exposure to hazardous 
materials in e-waste, especially by informal 
recyclers, can lead to severe health issues. 
Proper e-waste management safeguards the 
health and well-being of both workers and 
communities



Why worry about E-waste
Data Security: Inadequate disposal of 
electronic devices without proper data 
destruction measures poses a risk of sensitive 
information falling into the wrong hands. E-
waste recycling ensures secure data 
destruction, protecting privacy and preventing 
identity theft.

Global Electronic Waste Trade: The export of e-
waste to developing countries for processing 
poses ethical concerns. Responsible e-waste 
recycling locally addresses these ethical issues 
and promotes fair and sustainable waste 
management practices.

Circular Economy Promotion: E-waste recycling 
aligns with the principles of a circular 
economy, emphasizing resource efficiency, 
reduced waste generation, and the 
sustainable use of materials. This contributes to 
a more sustainable and resilient economy.



Average number appliances owned per capita

Source: The Global E-waste Monitor 2020



Global E-waste Generated by year

Source: The Global E-waste Monitor 2020



Global E-waste Key Statistics

Source: The Global E-waste Monitor 2020



E-waste Composition

Silver: 
Often used 
in electrical 

contacts 
and 

conductive 
traces on 

circuit 
boards, as 
well as in 

solder and 
plating.

Copper: 
Found in 
wiring, 

motors, and 
printed 
circuit 

boards, and 
is often used 

for its 
excellent 
electrical 

conductivity
.

Nickel: 
Used in 
various 

electronic 
component
s, including 
rechargeab
le batteries 
and as a 

barrier layer 
in 

integrated 
circuits.

Gold: 
Is used to 

plate 
connectors 

and 
contact 
points 

because of 
its superior 

conductivity 
and 

resistance 
to oxidation. 

Platinum: 
Present in 

small 
quantities in 

various 
electronic 

component
s, including 
hard disk 

drives and 
certain 
types of 
resistors.

Gold
0.2%

Silver
3%

Lead
4%

Tin 
6%

Nickel
9%

Copper
79%

E-waste metal composition per ton



E-waste Recycling steps
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Material 

Treatment: 
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Destruction:

Quality Control:

Reuse and 
Upcycling:



Opportunities/benefits in Sustainable Gold Extraction

Resource Recovery: 
E-waste contains a significant amount of gold, often at 
concentrations higher than those found in natural ore 
deposits. By recycling e-waste, we can reclaim this 
valuable metal, which in turn diminishes the demand for 
virgin mining and supports the transition to a circular 
economy where resources are reused and recycled.

Cost-Effectiveness: 
The process of extracting gold from e-waste is generally 
more cost-efficient compared to traditional mining. The 
extraction costs are lower because the materials being 
processed already contain a concentrated amount of 
gold, eliminating the need for expensive and extensive 
mining operations to locate and extract the metal.

Environmental Benefits: 
Sustainable gold recovery from e-waste has a lower 
environmental footprint. It prevents hazardous waste 
from entering landfills, reduces soil and water 
contamination, and lessens the destructive impact of 
mining activities such as deforestation, landscape 
erosion, and habitat loss.



Opportunities/benefits in Sustainable Gold Extraction

Energy Efficiency: 
The energy required to extract gold from e-waste is 
considerably less than that needed for mining new 
gold. This reduction in energy consumption 
translates to lower greenhouse gas emissions, 
contributing to the fight against climate change.

Job Creation: 
Developing a robust e-waste recycling industry can 
create employment opportunities in collection, 
processing, and management, contributing to 
economic growth while promoting environmental 
sustainability.

Reduction of Toxic Waste: 
Properly recycling e-waste to extract gold also 
means safely handling other toxic substances found 
in electronic devices, such as lead and mercury, 
thereby reducing the potential for environmental 
contamination and human health risks.



Gold Extraction Methods

Pyrometallurgy 

This process involves 
subjecting materials to 
high temperatures, often 
in a furnace or 
incinerator, to separate 
the desired metals from 
other components. 

Hydrometallurgy 

Hydrometallurgy is a 
method of extracting 
metals from their ores 
through the use of 
aqueous chemistry.

Bioleaching 

Bioleaching is an 
innovative and more 

environmentally friendly 
approach to metal 

extraction, utilizing the 
natural processes of 
microorganisms to 

recover valuable metals 
such as gold from e-

waste.

Bio-oxidation
This is the process by which 
microorganisms, typically 

bacteria, are used to convert 
the metal sulfides into water-

soluble sulfates through 
oxidative reactions. 

Biosorption
This technique involves using 
biological materials, such as 
microbial cells or biomass, to 

adsorb and concentrate 
heavy metals from solutions. 

Cyanide Extraction 

The chemical extraction 
method involving sodium 
cyanide is a widely 
recognized process for 
gold recovery from 
various sources, including 
e-waste. 

Environmentally 
Friendly Solutions:

These are simple, cheap, 
and environmentally 
benign solutions that can 
extract gold in seconds, 
with lower toxicity and 
consequential effects, 
presenting a more 
sustainable and cost-
effective alternative.



Challenges in E-waste Recycling

Informal Recycling 
Sector: 

A significant portion of 
e-waste in India is 
processed by the 
informal sector, 

leading to inadequate 
safety measures, 
environmental 

pollution, and health 
hazards for workers.

Lack of Awareness: 
Many consumers and 

businesses lack 
awareness about 
proper e-waste 

disposal methods, 
resulting in the 

incorrect disposal of 
electronic items in 

regular waste streams.

Collection and 
Segregation Issues:

 Inefficient collection 
and segregation 
systems make it 

challenging to gather 
e-waste effectively, 
leading to improper 
disposal or recycling.

Limited Infrastructure:
 Inadequate recycling 

infrastructure, 
particularly for the safe 
extraction of valuable 

materials like gold, 
poses a hurdle in 
maximizing the 

recovery of resources 
from e-waste.

Complex Composition 
of E-Waste: 

Electronic devices 
consist of a complex 

mix of materials, 
including hazardous 

substances. Separating 
and processing these 

materials requires 
advanced technology 

and poses technical 
challenges.

Illegal Import of E-
Waste: 

The illegal import of e-
waste, often labeled as 

second-hand goods, 
contributes to the 

mismanagement of 
electronic waste and 
poses environmental 

and health risks.



Challenges in E-waste Recycling

Health and Safety Concerns: 
Workers in the e-waste 

recycling sector are 
exposed to hazardous 

substances without proper 
protective measures, 

leading to health issues and 
potential long-term 

consequences.

Inadequate Policy 
Enforcement: 

Despite existing regulations, 
enforcement can be weak, 

allowing for non-
compliance and 

inadequate management 
of e-waste at various stages 

of the recycling process.

Extended Producer 
Responsibility (EPR) 

Implementation: 
While EPR is mandated by 
regulations, the effective 

implementation and 
participation of producers in 

responsibly managing the 
end-of-life of their products 

remain a challenge.

Technology Obsolescence: 
Rapid advancements in 
technology contribute to 
shorter product lifecycles, 

resulting in a higher 
generation of obsolete 
electronic devices that 

need proper disposal and 
recycling.

Access to Formal Recycling 
Facilities: 

Limited accessibility to 
formal recycling facilities 

makes it difficult for 
individuals and businesses to 
responsibly dispose of their 

e-waste, leading to 
improper disposal practices.



Sustainable Gold - Promotion

Incentives and Subsidies: Governments can provide financial incentives or subsidies to businesses and 
jewelers that actively use recycled gold in their products. This encourages the adoption of sustainable 
practices and reduces reliance on newly mined gold.

Tax Breaks for Recyclers: Implementing tax breaks or reduced tax rates for businesses engaged in the 
recycling of gold from e-waste can make the process more economically viable, stimulating the 
growth of this eco-friendly industry.

Research and Development Grants: Allocate funds for research and development grants focused on 
improving technologies for efficient extraction and refining of gold from e-waste. This supports 
innovation in recycling processes.

Mandatory Recycling Standards: Introduce and enforce regulations that mandate a certain 
percentage of gold used in jewelry or electronics to be recycled. This ensures that industries actively 
incorporate recycled materials into their products.

Public Awareness Campaigns: Governments can launch awareness campaigns to educate the public 
about the environmental impact of gold mining and the benefits of using recycled gold. This fosters a 
consumer demand for sustainable practices.



Sustainable Gold - Promotion

Collaboration with Industries: Foster collaboration between governments and industries involved in gold 
processing and manufacturing to establish guidelines and best practices for the incorporation of 
recycled gold.

Certification Programs: Introduce certification programs for products made with recycled gold, like 
eco-friendly certifications. This allows consumers to make informed choices and promotes responsible 
sourcing.

E-Waste Collection Programs: Implement comprehensive e-waste collection programs to ensure the 
proper disposal and recycling of electronic devices. This creates a steady supply of electronic waste for 
gold recovery processes. 

Circular Economy Initiatives: Develop policies that promote a circular economy, emphasizing the 
recycling and reuse of materials, including gold. This shift in perspective encourages sustainable 
practices throughout the supply chain.

International Collaboration: Engage in international collaborations to address the global issue of 
electronic waste and promote the responsible extraction of gold from discarded electronics. Sharing 
best practices and knowledge can lead to more effective solutions.



Conclusion/Questions/Discussions

Sustainable gold extraction from 
e-waste collection is a viable and 

environmentally friendly 
alternative to mining. 

By recycling e-waste, valuable 
metals can be recovered, and 
the environmental impact of 

mining can be reduced. 

Recycling e-waste can help save 
the environment from hazardous 
chemicals and contribute to a 

more sustainable future.
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