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Investing for a Better Earth

Executive Summary
Sector Overview

Copper is the foundational metal of electrification, underpinning power grids, renewables, 
EVs and digital infrastructure. Demand growth is expected to reach ~36Mt pa by 20240, but 
demand is long-dated and infrastructure-driven, supported by grid expansion and rising 
power intensity from AI and industrial electrification.

Supply growth, however, is increasingly constrained by declining ore grades, rising 
impurities, permitting challenges and long mine development timelines. Average ore 
grades have fallen to ~0.5% Cu, with deposits below ~0.3% Cu only viable at exceptional 
scale. Despite large discovered reserves,  industry forecasts point to a ~14 Mt primary 
supply shortfall by 2040, driven by permitting delays, declining grades and refining 
concentration adding geopolitical risk. 

Process Overview

Copper production is capital and energy-intensive, with downstream concentration and 
refining dominating lifecycle cost and emissions. As grades decline, more material must be 
mined and processed per tonne of copper, increasing energy use, waste volumes and 
regulatory exposure. Crushing and grinding for example represent ~30–40% of mine-site 
electricity consumption,

Sulphide ores, the majority of future supply,  rely on emissions-heavy, centralised 
pyrometallurgical processing, while lower-temperature hydrometallurgical routes remain 
limited in their applicability. As a result, processing constraints are emerging as the primary 
bottleneck to future copper supply.

Innovation Pathways

Innovation is shifting from discovery to unlocking harder-to-process resources. Key 
pathways include technologies that enable recovery from lower-grade ores, tolerate 
impurities, reduce grinding intensity and bypass traditional smelting steps.

Mining generates approximately 100 billion tonnes of waste annually, with tailings and 
slag representing a significant untapped secondary resource. Additional opportunities 
exist in reprocessing legacy mine waste and improving recycling and urban mining 
systems. These approaches can expand supply at lower capital intensity, although 
dispersed material and aggregation costs limit full substitution of primary supply.

​The Investible Opportunity

Execution risk dominates in copper innovation. Investable technologies must work across 
varied mineral systems, integrate with incumbent operations  and 30-10y assets and 
deliver step-change improvements in cost or recovery.

The strongest opportunities lie in modular, capex-light processing solutions that unlock 
stranded resources, reduce energy intensity or enable distributed production. As ore 
quality declines and environmental constraints tighten, processing innovation is likely to 
become the most defensible investment wedge in the copper value chain.
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Structural contraints define Copper Supply

•

•

•

•

•

Declining ore grades: ~0.5% Cu concentration now average, 
<0.3% Cu only viable at exceptional scale, fueling the need to dig 
deeper

Increasing impurities: lower quality ores are now mined to keep 
up with demand, often high in iron and arsenic

Long development timelines: 20–30 years from discovery to 
production

Rising environmental constraints: water stress, tailings 
management, social licence

Refining concentration: china dominates refined copper capacity

Sources: IEA, USGS, USGS, IEA, Arthur Little, IEA
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•

•

3 Countries control almost half of mined Copper and over half of refining. 

This creates geopolitical, logistical and decarbonisation risk

 

Investing for a Better Earth

A dominated supply chain

Chile

Peru

DRC

ROW

23%

11%

14%

52%

China

DRCChile

ROW

46%

7%5%

42%

Copper share by Country

Mining Refining

 Insight: Copper risk sits at the mine, but even moreso downstream, with China controling 46% of refining capability 

*Source: IEA Global Critical Minerals Outlook 2024
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Copper deposits vary widely in mineralogy, grade and impurity profile, which in turn dictates how copper can be economically extracted. Across all 
deposit types, ores broadly fall into oxide and sulphide categories - a distinction that fundamentally shapes processing methods and economics. 

Investing for a Better Earth

Geology determines processing routes and economic viability

 Insight: Copper is not one commodity - it is many mineral systems with radically different processing constraints.

 

Sulphide Ores

Chalcopyrite & Bornite​

Primary Copper ores typically bonded with 
suphur

Smelting & Flotation Process

  

Oxide Ores

Cuprite, Tenorite​, Azurite & Malachite

Secondary Copper ores formed through 
weathering

Leaching & Electrolysis Process

Mixed Ores

Blended

Combination ores often found in deposit 
transition zones

Smelting & Flotation Process
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Two major processing pathways

 Insight: Copper supply is sulphide-dominated - but sulphide-compatible hydromet routes remain underdeveloped.

SULPHIDE ORES

Pyrometallurgical
Conventional method 
used for ~80% of global 
Cu production

OXIDE ORES

Hydomettallurgical
Used since 1980s, ~20% of 
global Cu Production, less 
energy & CO2 intensive

Crushing Flotation Filter

On Mine

Process: on mine

Cu 
Concentrate

Tailings Dam

Process: refining (46% China)

Leaching
Solvent 

Extraction
Electro-
winning

(intermediary)

Cu 
Cathodes

(final product)

Smelting
Electro-
refining

Cu 
Cathodes
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•

•

•

•

•

•

Declining ore grades 

~0.5% Cu now considered average

<0.3% Cu only economic at exceptional scale

Drives:

Higher energy intensity

More material moved per tonne of copper

Larger tailings volumes

Investing for a Better Earth

Ore & processing constraints are the supply constraint

•

•

•

 Energy, emissions and waste 

Grinding dominates electricity 
demand

Smelters are emissions hotspots

Tailings storage, acid mine drainage 
and water use create growing 
regulatory risk

•

•

•

•

•

•

 Impurities as a hard constraint 

Arsenic and iron are the most problematic 
impurities

China (the dominant refiner, 46%) imposes strict 
impurity thresholds

Concentrates exceeding these thresholds face:

Penalties

Blending requirements

Outright rejection

Result: “Dirty copper” becomes stranded copper, 
regardless of geology.
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Innovation Pathways in Copper

 

Extracting more from less

Unlocking lower-grade and higher-
impurity ores.

 

Processing innovation

Rethinking how copper is liberated, 
concentrated and refined.

 

Reprocessing waste

Turning tailings, slag and mine waste 
into feedstock.

 

Urban mining & recycling

Recovering and extracting copper 
already embedded in the economy.

 

Demand-side relief

 Reducing copper intensity where 
substitution is viable.
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•

•

•

•

•

Key execution requirements include:

Demonstrated performance on real ores, not just synthetic 
feedstocks

Referenceable pilots with credible operators

Clear manufacturing and deployment pathways

Working capital discipline through long project cycles

Alignment with incumbent incentives and operating models

 

Investing for a Better Earth

 Insight: In copper & mining, execution risk often outweighs technology risk.

Where venture can and can’t win in Copper

1.

2.

3.

4.

Approaches must:

Work across a range of mineralogies

 Copper ores vary widely - single-ore solutions rarely scale.

Be compatible with incumbent operations

 Mines are 30–100 year assets; wholesale process replacement is rarely viable.

Deliver a step-change in economics

 Improvements must be material to justify adoption.

Scale without requiring mega-smelters

 Capital intensity must be bounded and financeable.

For a technology to be investable in copper, it must meet a higher bar than in many other climate or industrial sectors. 
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Finding a solution to primary mining constraints

Source: Twynam’s Proprietary Research.

Challenges  Breakthroughs

Declining Ore Grades: Average copper grades have fallen to ~0.5%, 
with many future deposits below 0.3%, requiring significantly more 
material to be mined and processed per tonne of copper.


 Extracting More from Less: Technologies that unlock lower-grade ores and 
expand the economic resource base without requiring step-changes in mine scale.

Impurities as a Hard Constraint: Elevated arsenic, iron and other 
deleterious elements limit concentrate acceptance, trigger penalties, 
or strand supply entirely, particularly given China’s tight refining 
thresholds.


 Impurity-Tolerant Processing: Novel processing routes and chemistries that 
tolerate higher arsenic and iron levels, reducing penalties and unlocking currently 
stranded copper.

Energy Intensity: Crushing and grinding alone account for ~30–40% 
of mine-site energy use, with smelting and refining adding further 
emissions and cost pressure as grades decline.


 Reduced-Intensity Comminution & Processing: Innovations that lower grinding 
requirements, improve liberation efficiency, or bypass energy-intensive steps 
entirely.

Waste & Environmental Burden: Tailings, slag and waste rock volumes 
increase as grades fall, amplifying risks around storage, acid drainage, 
water use and long-term liability.


 Reprocessing “Waste” Streams: Tailings, slag and mine waste reprocessed using 
modern techniques, often with existing permits and infrastructure, offering 
lower-risk FOAK deployment.

High Transport & Logistics Costs: Low-grade ores, remote deposits 
and concentrate transport to distant smelters materially erode 
margins and increase geopolitical and execution risk.


 Modular & Distributed Processing: Smaller, capex-light processing units and in-
situ extraction processes that reduce reliance on mega-smelters and long-
distance concentrate transport.

 Insight: Technologies that reduce energy intensity, tolerate impurities, or unlock waste streams offer the most defensible investment wedge.
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+61 455 996 022

twynam.com

Elissa Glorie

+65 8963 2670

Jonathan Green
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Disclaimer
Twynam Funds Management Pty Ltd ACN 665 482 119 (Twynam Funds Management) is a corporate authorised 
representative (CAR) (CAR Number 1302016) of Boutique Capital Pty Ltd ACN 621 697 621 (Boutique Capital) AFSL 508011.  
 
This document contains general advice only and has been prepared by Twynam Funds Management for individuals identified 
as wholesale investors for the purposes of providing a financial product or financial service, under Section 761G or Section 
761GA of the Corporations Act 2001 (Cth). 
The information herein is presented in summary form and is therefore subject to qualification and further explanation. The 
information in this document is not intended to be relied upon as advice to investors or potential investors and has been 
prepared without taking into account personal investment objectives, financial circumstances or particular needs. Recipients 
of this document are advised to consult their own professional advisers about legal, tax, financial or other matters relevant to 
the suitability of this information.
 
The investment summarised in this document is subject to known and unknown risks, some of which are beyond the control 
of Twynam Funds Management and their directors, employees, advisers or agents. Twynam Funds Management does not 
guarantee any particular rate of return or the performance of the Fund, nor does Twynam Funds Management and its 
directors personally guarantee the repayment of capital or any particular tax treatment. Past performance is not indicative of 
future performance. 
 
The materials contained herein represent a general summary of Twynam Funds Management’s current portfolio construction 
approach. Twynam Funds Management is not constrained with respect to any investment decision making methodologies 
and may vary from them materially at its sole discretion and without prior notice to investors. 

Depending on market conditions and trends, Twynam Funds Management may pursue other 
objectives or strategies considered appropriate and in the best interest of portfolio 
performance.
 
There are risks involved in investing in the Twynam Funds Management’s strategy. All 
investments carry some level of risk, and there is typically a direct relationship between risk 
and return. We describe what steps we take to mitigate risk (where possible) in the Fund’s 
Information Memorandum. It is important to note that despite taking such steps, Twynam 
Funds Management cannot mitigate risk completely. 
 
This document was prepared as a private communication to clients and is not intended for 
public circulation or publication or for the use of any third party, without the approval of 
Twynam Funds Management. Whilst this document is based on information from sources 
which Twynam Funds Management considers reliable, its accuracy and completeness cannot 
be guaranteed. Data is not necessarily audited or independently verified. Any opinions reflect 
Twynam Funds Management’s judgment at this date and are subject to change. Twynam 
Funds Management has no obligation to provide revised assessments in the event of 
changed circumstances. To the extent permitted by law, Boutique Capital, Twynam Funds 
Management and their directors and employees do not accept any liability for the results of 
any actions taken or not taken on the basis of information in this report, or for any negligent 
misstatements, errors or omissions.    

This document is for informational purposes only and is not a solicitation for units in the 
Fund. Application for units in the Fund can only be made via the Fund’s Information 

Memorandum and Application Form. 
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