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Symposium on Artificial Intelligence/Machine Learning and Multiscale 
Modelling for Materials Discovery  

 IIT Delhi in collaboration with IIM Delhi Chapter is organising a symposium on 
Artificial Intelligence / Machine Learning and Multiscale Modelling for Materials 
Discovery on 26th & 27th   April 2025 at Research & Innovation Park, IIT Delhi. 
 
Members may like to participate in the Symposium. 
 
Separately a mail has been sent to all the members in this regard. 
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Interaction with Dept. of Material Science & Engineering, IIT Delhi  

Shri L Pugazhenthy, ED, India Lead Zinc Development Association and Past 
President of IIM, , Brig. Arun Ganguli (Retd.), Secretary General, IIM and Shri R K 
Vijayavergia, Chairman, IIM Delhi Chapter, along with some members of the 
Chapter visited Dept. of Materials Science & Engineering, IIT Delhi on 25th March 
2025 for interaction with faculty members and students and to promote 
membership of IIM. 

Shri L Pugazhenthy gave a talk on ZINC & LEAD INDUSTRY IN INDIA - AN OVERVIEW. 

 

Brig. Arun Ganguli (Retd.) spoke about the importance of student membership of 
IIM and the incentives available to student members of IIM. It was also proposed to 
start a Student Chapter of IIM at IIT Delhi. 
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Shri R K Vijayavergia briefed about the activities of IIM Delhi Chapter undertaken in 
2024-25 and plan for 2025-26. There was a lively interaction with IIT Delhi faculty 
members and students. 
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How Copper Will Shape Our Future? 

Copper has shaped human history and civilisation for millennia. In the 20th 
century, the story of copper was inextricably linked to the rise of electricity 
demand. As we harnessed electrical power, copper became an indispensable 
material, crucial to our energy systems and modern technology.  

Through the 21st century, we expect copper to remain an essential building block 
to modern life as the world seeks to improve living standards for billions of people, 
transitions towards a net zero greenhouse gas (GHG) emissions economy, and 
further digitalises its industries and societies.  

 Global copper demand will grow by around 70% to over 50 million tonnes (Mt) a 
year by 2050. Copper’s role in multiple applications will provide demand resilience. 

 The looming global copper supply challenge as existing copper mines age, with the 
pipeline of potential projects less healthy than in previous cycles. Both brownfield 
and greenfield projects are expected to face cost and stakeholder challenges. 

 

Demand 

Total global copper demand has grown at a 3.1% compound annual growth rate 
(CAGR) over the last 75 years – but this growth rate has been slowing. It was only 
1.9% over the 15 years to 2021. Looking to 2035, however, the growth rate is 
expected to jump back to 2.6% annually.  

This reversal will come from a combination of three key themes: ‘Traditional’ 
economic growth, and the newer themes of the ‘Energy Transition’ and ‘Digital’ 
(primarily data centres). 

‘Traditional’ demand refers to the basic relationship between economic growth, 
electricity consumption and copper. Through the 20th century and into the 21st, as 
countries developed, electricity became accessible to industry and homes and led 
to the creation of products that lifted living standards: lighting, washing machines, 
refrigerators, air conditioners, radio and television, computers and smartphones. It 
is not only these products that need copper; so do the factories and supply chains 
that produce and deliver them, and the power infrastructure keeping them all 
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running. Copper’s broad application across multiple end-uses has made it resilient 
and less-exposed to single point failures of demand. 

Traditional demand in the developed world is expected to remain strong and as 
living standards rise globally, the demand for copper is expected to follow suit. 
Developing economies, which have nearly five times the population of high-income 
economies, will increasingly strive to achieve the same high standard of living. This 
transition will lead to a greater need for copper.  

Take China for example, despite its enormous appetite for copper over the past 
two decades, it still only has half of the copper accumulated stock-in-use per capita 
(e.g. buildings, machinery, vehicles) compared to a developed economy, at around 
100 kilograms per capita. India, the other major economy with over one billion 
people, also has a compelling copper story. India’s electricity consumption per 
capita currently stands at around one-seventh of Japan’s and one-fifth of China’s, 
and it is expected that copper demand will grow five-fold over its pre-Covid 
volumes in the coming decades as electricity is made more accessible. 

This traditional demand provides a solid foundation, but it does not account for the 
rapid acceleration of growth expected in the decades to come. That will be driven 
by the ‘Energy Transition’ and ‘Digital’ trends. 
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Since the Industrial Revolution, the use of fossil fuels has helped the world unlock 
greater levels of productivity. As the world seeks to rein in the use of these fuels 
(and their related carbon emissions), it will need more electricity (mainly from 
renewable sources) to keep everything running. Most energy modellers agree that 
electrification will be a major enabler of the decarbonisation of transport, buildings 
and large parts of industry. Under our base case, we see electricity demand 
roughly doubling from today to 2050, as electricity’s share of total energy 
consumption also doubles to around 40% by 2050.2 

‘Energy Transition’ copper demand refers to the additional copper required to 
achieve that level of electrification. As the most conductive industrial metal, copper 
is a key enabler of low GHG emissions energy sources, such as wind, solar, and 
hydro, as well as electric vehicles (EV) and batteries. An EV, for example, uses 
around three times more copper than typical internal combustion engines (ICE). As 
the energy transition unfolds, we anticipate the roll-out of EVs to lift the transport 
sector’s share of total copper demand from around 11% in 2021, to over 20% by 
2040.3 Copper is also needed for energy efficiency and conservation measures, 
such as smart grids, LED lighting, and heat pumps. On top of this, the generation 
and transmission of low GHG emissions electricity is expected to require more 
copper than conventional fossil fuel power generation.4    

‘Digital’ demand refers to the growth from the expected ramp-up in demand for 
digital infrastructure, as the world creates and consumes massive amounts of 
data, enabled by copper-hungry data centres. Artificial Intelligence (AI)-enabled 
technology requires vast amounts of data and processing capability, which in turn 
needs larger and faster computers consuming more electricity. We expect global 
electricity consumption for data centres to rise from around 2% of global demand 
today, to 9% by 2050, with copper demand in data centres increasing six-fold by 
2050.5 

Today, we estimate that the Traditional vs Energy Transition vs Digital split of 
global copper demand is around 92%/7%/1%. By 2050, we predict the split to have 
evolved to 71%/23%/6%.6  
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Towards 2050 

What is unique about the next 25 years is the way copper demand from 
electrification, decarbonisation and digitisation will cut across high, middle and 
lower-income economies alike. Unlike the 20th century, where the adoption of 
cars, electricity, consumer electronics and white goods occurred at different times 
across various regions, we expect to see more-or-less concurrent adoption of the 
copper-intensive technologies of EVs, renewables and data centres around the 
world. 

There will be some balancing factors for this significant growth in copper demand, 
such as from substitution and thrifting, which have been a feature of the copper 
industry throughout its history. 

 Substitution refers to the replacement of copper by other materials, such as 
aluminium, plastics, or fibre optics, which can be cheaper, lighter, or more 
efficient for certain applications. (Or in some cases, the adoption of a 
different technology with a lower copper content.) 

 Thrifting refers to the reduction of copper content or usage in products or 
processes, while maintaining functionality, through design improvements 
and technological innovations. 

When it comes to copper-to-aluminium substitution, many have long held to the 
‘three to one’ rule of thumb: when the copper price is more than three times the 
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price of aluminium, you will start to get increased levels of substitution. More 
recently, some estimates have adjusted this ratio higher, to around 3.5 times. 

However, the copper-to-aluminium ratio7 has been in excess of 3.5 for much of the 
past five years, supporting the belief that the price ratio needs to be higher still, at 
around 3.5 to 4 times, before you see greater levels of substitution.  

It is not just about cost either. Substitution and thrifting require design alteration, 
product line modification and investment in new equipment, and worker 
retraining. And uptake relies on customers believing the product works as well or 
better than what they can access today. None of these things happen quickly, 
especially in the well-established ‘traditional’ end-uses. The sectors that are most 
exposed to substitution and thrifting are those driving demand in the Energy 
Transition segment. These new technologies are still undergoing evolution and 
development, and each iteration presents a new opportunity to reduce copper use 
– up to a certain limit. 

We also believe copper has some unique advantages that make it difficult to 
substitute or thrift in many end-uses, such as its conductivity, durability, 
recyclability and antimicrobial properties. This is why it remains widely used, 
despite potentially cheaper options being available. Copper also has a smaller GHG 
emissions intensity8 footprint than aluminium, which may be a relevant factor 
when choosing materials in the future. 

While we expect substitution and thrifting will rise from current levels, this should 
be a gradual process, as has been observed over the past century.  

Putting all these levers together, we project global copper demand to grow by 
around 70% to over 50 Mt per annum by 2050 – an average growth rate of 2% per 
year. 

Due to the concurrent adoption of new copper-intensive technologies, as well as 
support from the broad-based ‘traditional’ development across end-uses in 
emerging economies, we anticipate a re-acceleration of copper demand to 2035 of 
2.6% CAGR, versus a 1.9% CAGR over the past 15 years. In absolute terms, this is 
roughly 1 Mt copper demand growth per year, every year, until 2035 ‒ double the 
0.5 Mt annual growth volume of the past 15 years.  
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Supply 

As with demand, there are different drivers of copper supply. First and foremost, 
primary supply comes from mines and processing facilities such as those that BHP 
operates.  

But secondary, or scrap, copper is also an important source of supply. Copper can 
be recycled from end-of-life products (‘old scrap’) or from waste generated in the 
manufacturing process (‘new scrap’), reducing the need for primary copper from 
mining.9  
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Scrap and recycling 

Recycled copper is expected to be an important source of supply to meet the large 
copper demand growth over the next 30 years. The main barrier to recycled 
copper supply is the availability of scrap.  

The pool of ‘old scrap’10 is principally determined by the average lifetime of an end-
use product. These lifetimes can range from weeks or months for some consumer 
products (e.g. from batteries, headphones, charging cables) up to several decades 
(e.g. from construction and infrastructure). We assess the average life of copper in-
use to be around 20 years. 
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Much of this ‘old scrap’ is also not recovered. We estimate that in 2021 only 43% of 
available ‘old scrap’ was collected and recovered for re-use, falling to 40% in 2023 
as lower prices, slowing economic activity and regulatory changes acted as 
headwinds. Rising ‘scrap nationalism’ to preserve the local use of secondary 
material and restrictions in cross-regional waste trade have also acted as a drag on 
growth for global scrap collection and recovery11 (and may affect the availability of 
scrap in developing countries who have not yet built up their own substantial pool 
of copper in-use). 

Nevertheless, we expect the increased focus on copper as a critical or strategic raw 
material will lift copper scrap collection and recovery rates from their current 
levels to 56% by 2035 and even higher longer term.12 

With the growing scrap pool, we estimate that scrap supply will increase from 
around one third of global copper today to around 40% by 2035, and reach around 
a half of total copper consumption by 2050. 

But even with this increasing use of copper scrap, we still expect more primary, or 
mined, copper will still be required when you add grade decline and mine 
depletions on top of this. 

We estimate that the world will need about 10 Mtpa new mined copper supply13 in 
the next 10 years.  

Where will it come from? 

Mine supply 

Copper reserves and production are concentrated in Latin America, Australia and 
Africa. The last 30 years has seen impressive supply growth globally, with 
production doubling to around 22 Mtpa today, primarily due to increases from 
Latin America (particularly Chile), the Asia Pacific region and Africa (over the last 10 
years). This has been achieved through significant investment in greenfield 
projects and the wide-spread adoption of the leach-solvent extraction-
electrowinning (SxEw) process from the mid-1980s, which unlocked previously 
uneconomic copper supply low grade oxide ores. This process now accounts for 
20% of mine supply.  

The industry’s current challenge is to repeat this substantial volume growth in less 
than half the time. 
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We expect supply growth over the next 10 years to be dominated by the same 
regions – Latin America Africa and Asia Pacific – with Africa having the highest 
growth rate (albeit off a much lower base than Latin America), and Latin America 
continuing to make the most significant contribution in absolute terms. 

Against optimistic supply forecasts, which include the development of all probable 
copper projects, a significant gap to expected demand in 2035 is evident, even with 
our positive view on copper scrap supply. 

Current mine supply 

Currently operating copper mines are expected to provide more than half of the 
copper required to meet future global demand over the next decade. Even so, we 
estimate existing mines to be producing around 15% less copper in 2035 than they 
do today.14   

These mines are already mature and are likely to need additional capital 
investment to replace or upgrade aging infrastructure or processing facilities. 
Alternatively, they may take advantage of new technologies that can improve their 
efficiency or recovery (e.g. converting oxide leaching plants to sulphide leaching, or 


