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The Energy Research Partnership 

The Energy Research Partnership is a high-level forum bringing together key stakeholders and funders of energy 

research, development, demonstration and deployment in Government, industry and academia, plus other interested 

bodies, to identify and work together towards shared goals.  

 

The Partnership has been designed to give strategic direction to UK energy innovation, seeking to influence the 

development of new technologies and enabling timely, focussed investments to be made. It does this by (i) influencing 

members in their respective individual roles and capacities and (ii) communicating views more widely to other 

stakeholders and decision makers as appropriate. ERP’s remit covers the whole energy system, including supply (nuclear, 

fossil fuels, renewables), infrastructure, and the demand side (built environment, energy efficiency, transport). 

 

ERP is co-chaired by Professor David Mackay, Chief Scientific Advisor at the Department of Energy and Climate Change 

and Dr Keith MacLean, Director of Policy and Research at Scottish and Southern Energy. A small in-house team provides 

independent and rigorous analysis to underpin ERP’s work.  

 

ERP is supported through members’ contributions:  

 

ERP Membership 

Co-Chairs 

Prof David MacKay FRS Chief Scientific Advisor DECC 

Dr Keith MacLean  Policy and Research Director Scottish and Southern Energy 

 

Members 

Stephen Aldridge (Acting) Chief Scientific Advisor DCLG 

Dr Julian Allwood Reader in Engineering University of Cambridge 

Dr Peter Bance Entrepreneur in Residence Octopus Investments 

Dr David Clarke FREng Chief Executive Energy Technologies Institute 

Tom Delay Chief Executive Carbon Trust 

Jill Duggan Director of Policy Doosan Power Systems 

Peter Emery Production Director Drax Power Limited 

David Eyton Group Head of Technology BP International Limited 

Angus Gillespie VP CO2 Shell International Petroleum 

Company Limited 

Martin Grant Chief Executive Officer - Energy WS Atkins plc 

Dame Sue Ion FREng  Royal Academy of 

Engineering 

Prof Neville Jackson FREng Chief Technology & Innovation Officer Ricardo UK Ltd 

Paul Lewis Managing Director, Industries & Policy Scottish Enterprise 

Prof John Loughhead FREng Executive Director UK Energy Research Centre 

Dr Ron Loveland Energy Advisor to the Welsh Government Welsh Assembly Government 

Duncan McLaren Advisor Friends of the Earth, UK 

Prof John Miles FREng Director and Professor of Energy Strategy Arup / Cambridge University 

Prof John Perkins FREng Chief Scientific Advisor BIS 

Rob Saunders Head of Energy Technology Strategy Board 

Prof Rod Smith FREng Chief Scientific Advisor DfT 
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Stephen Trotter Managing Director, Power Systems UK & 

Ireland 

ABB Limited 

Sara Vaughan Director of Strategy & Regulation E.ON UK 

Mark Wagner Chair Isentropic 

Alison Wall Associate Director, Impact EPSRC 

Nick Winser FREng Executive Director, Transmission National Grid 

 

The Energy Research Partnership Cross-cutting Reports 

The ERP Technology Reports provide an overarching insight into the Research, Development and Demonstration (RD&D) 

challenges for key low-carbon technologies. Using the expertise of the ERP membership and wider stakeholder 

engagement, each report identifies the innovation challenges that face a particular technology, the state-of-the-art in 

addressing these challenges and the organisational landscape (both funding and R,D&D) active in the area. The work 

identifies critical gaps in innovation activities that will prevent key low-carbon technologies from reaching their full potential 

and makes recommendations for investors and Government to address these gaps. 

 

The following have been involved in the ERP Resource Use Strategies Review: 

Lead Analyst Dr Mark Workman, Energy Research Partnership 

 

Steering Group: 

Dr Martin Grant (Chair) Atkins Duncan McLaren Friends of the Earth 

Richard Neale Atkins Dr John Miles Arup 

Dr Rebecca Heaton Shell Chris Franklin NERC 

Cameron Rennie BP Jocelyn Bleriot Ellen MacArthur Foundation 

Simon Cox Defra Ian Glover National Grid 

Simon Schillebeeckx Imperial Business School   

Thank you also for the contributions of Dr Julian Allwood (University of Cambridge) and his Wellmet 2050 and 

Foreseer Research Teams, Julie Hill (Green Alliance), Jaakko Kooroshy (Chatham House), Peter Willis 

(Oakdene Hollins), Jamie Speirs and Charles Dean (PhD Students at Imperial College, London) and David 

Humphreys (Independent Consultant and Minerals Economist). 

The views are not the official point of view of any organisation or individual and do not constitute government policy. 

Any queries please contact Mark Workman in the ERP Analysis Team: mark.workman@energyresearchpartnership.org.uk  

 

Box 1: The ERP and UKERC Mineral Resources Projects 

The Energy Research Partnership’s (ERP) Mineral Resources project was conducted in co-operation with the UK Energy 

Research Centre (UKERC) Technology and Policy Assessment (TPA) team. The TPA conducted a systematic review of the 

critical metals literature in a project entitled “Materials availability for low carbon technologies.” Given the similar 

nature of these two projects the authors co-operated by sharing emerging findings, bilateral meetings, and through ERP 

participation in the TPA Expert Group process. 

The UKERC TPA take an evidence-based approach, including the systematic review of existing literature to address 

contentious topics in energy policy. This is complemented through engagement with stakeholders from industry, 

academia and the public sector. The resulting reports are designed to be independent, accessible and policy-relevant. 

The approach taken by UKERC and ERP on minerals resources allows for a comprehensive review of issues both from 

the literature and key UK energy system stakeholders. 

The TPA Materials availability for low carbon technologies report can be found at www.UKERC.ac.uk/TPA  

  

mailto:mark.workman@energyresearchpartnership.org.uk
http://www.ukerc.ac.uk/TPA
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1. Key Messages 

The key messages from the review are:  

 The most potentially significant metal minerals constraint risk to UK energy innovation and system 

development to 2050 may be posed by the volatility in price and potential disruptions to the 

availability of `technology metal minerals’ used in both conventional energy generation and low 

carbon technologies.  Supply uncertainty is the key concern.  The availability of technology metal 

minerals at reasonable economic costs is essential to facilitate the rapid commercialisation of the low 

carbon energy system. 

 Although there is no absolute shortage of any metal mineral resources, absolute availability is not a 

meaningful guide to prospective future production and availability, because of the impacts of 

economics and geopolitics.  The key constraints are related to the volatility of price and potential supply 

disruptions.  The uncertain abilities of ecological sinks to assimilate anthropogenic generated waste from 

the exploitation and processing of metal minerals are likely to present further challenges. 

 Resource risk assessments require a system based perspective, especially of supply and demand side 

issues in order to account for market dynamics and ensure the development of appropriate policy 

responses.  There is a concern that some metal mineral assessment tools are likely to lead to inadequate 

and miss-directed policy responses. 

 The impact of metal minerals non-availability on the UK economy has yet to be quantified, and is likely 

to be similar to other mineral consuming nations.  However, the UK’s response to the issue has tended 

to be non-interventionist.  This is in contrast to proactive initiatives that other governments are taking, 

particularly in the securing of upstream supply and funding research into developing secondary sources.  

In the long run, the UK is therefore likely to be at a comparative disadvantage and should markets 

remain tight, the ability to develop a high value manufacturing sector will be jeopardized and the 

value creation opportunities of implementing mineral security measures will be missed e.g. material 

efficiency through better design, reuse and recycling technology development. 
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2. Background 

Over the next 40 years, analysis suggests that investment in energy innovation could reduce the cost of 

meeting the UK’s low carbon energy goals by £600bn1. These savings would reduce the upward trend in 

energy costs across the economy making the UK more competitive.  Furthermore, energy technology 

development could result in UK business opportunities totalling at least £18 Bn to 99 Bn to 20502.  However, 

recent surveys have identified that some UK executives, particularly those in the manufacturing sector, are 

concerned about the availability of resource inputs and the economic impact that it may have on UK 

competitiveness3,4,5 - potentially jeopardising energy goals and green growth opportunities. 

These concerns are reflected in the recent academic and grey literature which have expressed concern 

regarding the absolute depletion of some minerals - Figures S1 and S2.  This in turn has led to a resurgence in 

the production of criticality assessments.  However, the materials identified as being critical in the 

assessments have been inconsistent - Figure S3. 

 

  

Figure S1 to S3 (clockwise from 
above): S1: A modern 
assessment of minerals 
availability based on 
Reserves/Production Ratios - a 
physical fixed stock measure6; 
S2: A collection of quotes / 
papers citing concerns over 
resources7); and S3: Table 1 
from the Green Alliance Report 
2011 `Re-inventing the Wheel’8 
highlighting the differing 
materials that are identified as 
being at critical risk from 
different studies. 
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The Energy Research Partnership (ERP) has undertaken a review of resources in order to understand these 

issues and assess whether resource availability will represent a significant risk for UK energy innovation and 

system development to 2050.  This report refers to the component of the review dedicated to metal 

minerals (i.e. excluding fuel minerals e.g. oil and coal and non-metals e.g. aggregates) used in high tech and 

energy system applications.  Resources are assessed according to the following categories: minerals, water 

and land issues.  These categories are covered in separate reports and a nexus report, ties the different 

strands of work together in a single overarching document.  The work has been undertaken in collaboration 

with the UK Energy Research Centres’ Technology Policy Assessment on Minerals Availability and refers 

heavily to the systematically gathered evidence from that work - see Box 1 on page 3. 

 

3. Summary of Findings 

3.1 The Resource Constraints Agenda - Drivers of the Present Wave of Concern 

Resources concerns are not a new phenomenon.  There is a rich literature expressing concern over resource 

availability dating back three millennia9.  Recent concerns have been stoked by the following drivers: 

 The rapid growth of the middle class which is anticipated to grow by 3 Bn to 4.8 Bn in 2030 and the 

speed and scale with which the emerging economies are growing10; 

 This growth is set against a world that is increasingly interdependent11; 

 The increasing fragmentation of land-ownership making access to resources more complex12 despite the 

parallel growth in influence of a limited number of trans-national mining corporations in this sector.  This 

situation has been exacerbated by the rise of resource nationalism; 

 The unprecedented impact that economic development has had on global ecosystems13,14; and 

 Concerns over inequitable access to resources15,16. 

 

3.2 The Role of Metal Minerals in Energy System Technologies 

Energy innovation and system development exposure to metal minerals has increased as a result of the 

proliferation in the use of increasingly exotic elements17 and the increased mineral intensity of new energy 

technologies; many are essential in the development of the low carbon energy system to 205018.  This 

concern has been exacerbated by the development of energy systems in rapidly emerging economies and 

the need to replace a significant proportion of the aging energy generation infrastructure in OECD nations.  

For example, by 2020 the energy systems of China, the US, India, Japan, Germany and the UK are anticipated 

to install 1,350 GW of power generation capacity of which 728 GW will be low carbon technologies.  

Consideration of primary supply of minerals is important in the near term, not only because of the 

expansion of energy systems but also because the long lifetime of assets means that minerals are `locked-

in’, unavailable for recycling for many years.  Recovery and recycling, however, may become critical and 

should be taken into account in current decisions. 

 

With the uncertainties in the way that energy system technologies will evolve and the configuration of the 

low carbon energy system in the future the exact nature of the low carbon transition impact on minerals 

demand can only be considered to be illustrative19.  Nonetheless, the extent of the potential impact is such 

that further work is required to understand the feasibility and impact of these different options from a 

resource inputs point of view (see for example, ICMM, 201220).  
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3.3 Metal Mineral Availability Assessment Tools for Decision Support 

A key manifestation of the concerns over minerals availability has been the proliferation of criticality 

assessments21.  The criticality literature has evolved from mineral consuming countries and/or actors based 

on their concerns of reliable sources of supply of key elements.  Like concerns over resources there have 

been previous tranches of criticality literature with the latest set being the third.  The minerals which are 

currently deemed under threat are typically within a range of specialised, low volume metals used in the 

production of technologically-advanced consumer electronics, low carbon technology products and defence 

applications22.  The pervasive nature of the products within which the minerals now designated as critical are 

used makes assessments of the impacts harder and has increasingly blurred the distinction between 

different applications23.  Therefore the most recent criticality assessments have struggled to assess the 

relative importance of the varied end uses of the minerals and their economic impacts. 

However, the outputs of the criticality literature, including those directed at energy system development, 

has displayed considerable inconsistency in the nominated minerals identified as being `critical’; they are 

also considered inappropriate to inform policy.  The reasons for this may be attributed to the following 

issues24,25,26: 

 Methodologically they are inconsistent using different criteria, methods of computation / aggregation, 

weighting and limited by the availability of up to date information - for detail see the UKERC Minerals 

Final Synthesis Report Part 1; 

 The criticality literature gives a static and `snap-shot’ status of minerals supply and demand when the 

factors at play are dynamic, for example, see Houari et al., 201327; 

 Assessments of supply risk and demand are difficult due to uncertainties and the limited availability of 

data at the appropriate frequency - for detail see the UKERC Minerals Final Synthesis Report Parts 2 & 3; 

 The criticality literature focuses exclusively on risks related to the mining and export of raw materials, 

but disregard the wider production chain (e.g. refining, transport, and trade in semi-products); and 

 They tend to overstate the economic impact of a possible supply disruption of ‘critical’ minerals and do 

not explicitly declare the often highly subjective risk perspective that the reviewers have undertaken 

which is important in order to facilitate the appropriate policy design. 

The criticality literature appears to be stimulating sub-optimal policy design, for example, in the EU Raw 

Materials Initiative which emphasises three aims: (1) Fair and sustainable supplies from global markets; (2) 

Fostering sustainable supply from within the EU; and (3) Boosting resource efficiency and promoting 

recycling.  It has been suggested that a more systems based approach would also incorporate (4) information 

gathering and analysis on raw materials; (5) improving supply chain management; (6) Promotion of 

exploration and production (both inside and outside the EU); and (7) dialogue and collaboration with other 

mineral importing countries and exporters28. 

 

Given the difficulty of forecasting future political and economic events and the variations in national 

consumption a `Delphi’ (discussions with experts) or more deliberative Multi- Criteria Mapping method 

based on a simplified model29 could probably provide more insight than criticality scores or other snap-shot 

assessments.  This way, assuming the attendance of the appropriate experts, a more thorough 
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understanding of all the risks surrounding the availability of a particular resource will be realised and may be 

more useful to stakeholders than a simple prioritisation or classification of `critical minerals’. 

 

Ultimately, the ability to forecast minerals depletion is subject to considerable uncertainty and all methods 

ranging from fixed stock to economic have flaws30.  Indeed, though some components of minerals availability 

are knowable (e.g. the nature and incidence of the available mineral deposits) many of the variables are not 

only unknown but are also unknowable (e.g. the future demand, extent to which demand will be satisfied by 

recycling and other secondary production and cost reducing technological change for minerals extraction)  

therefore information about minerals availability and depletion `is a function of information that is 

available at a particular time and that information changes over time’31.  For example, see the case study 

reports in the UKERC Minerals work stream. 

 

3.4 Minerals Abundance and the Environmental Impact of Mining 

Geochemical analysis of the earth’s crust, atmosphere and sea water indicates that there are plentiful 

supplies of minerals on the earth - though their concentration is highly variable32,33,34.  Furthermore, unlike 

fuel minerals, metal minerals are not destroyed once they are `consumed by society’ and so are potentially 

re-usable.  So though primary ores are exhaustible and are decreasing there are increasing stocks in the 

techno-sphere35.    

However, the role of economics (technology development and physical concentration of metal ores), 

geopolitics (physical access to the minerals and proximity to markets) and the environmental implications of 

extraction and recovery means that absolute availability is not a meaningful guide to prospective future 

production and availability.   

Based on the literature reviewed it is therefore possible to state that there is no absolute shortage of any 

metal mineral resources.  The key constraints are related to the volatility of price and potential supply 

disruptions.  

 

The mining sector has a substantial ecological footprint impacting on water resources, air quality, land - soil 

quality and habitat loss - and greenhouse gas footprint.  Furthermore, with the decreasing quality of ore 

grades the energy and water needs are increasing36 as is the waste37 that is produced and area impacted to 

extract a unit of ore.  Despite this, technology has evolved allowing lower grade ores to be extracted at 

economically viable prices as has been evidenced in the increased prevalence of opencast mining.   The 

refining of ores also generates a globally significant carbon footprint and approximately >4 % of global 

greenhouse gas emissions arising from iron ore production and refining38.   It is likely therefore, that a 

significant increase in demand for minerals will have a material impact on the sectors global emissions and 

the ability to attain the 2⁰C CO2 budget39,40 as well as its local environmental footprint. 

Furthermore, with a substantial proportion of ecosystems already under significant strain41 and with the 

increased prevalence of opencast mining - a key concern is the uncertain abilities of ecological sinks to 

safely assimilate anthropogenic generated waste from the exploitation and processing of metal minerals.  

As such sink resources are therefore likely to present the most significant scarcity. 
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3.5 The Market Behaviour of Technology Metal Minerals 

There are a family of metals called `Technology Metal Minerals’ - also referred to as minor, special and 

precious metals - often utilised in high tech and low carbon applications.  A significant subset of technology 

metals are (1) metals that are available as primary products but tend to be more economical to produce as 

by-products; (2) metals that are found coupled in ore deposits; (3) metals for which there are only small 

markets with only a handful of suppliers where producers wield disproportionate power; or (4) a 

combination of 2 or more of these traits.  These metals are subject to weak market signal and as a result 

markets operate imperfectly for many of these metal minerals markets.  The lack of information along their 

life cycle from production, refining, trade to end use compounds the ability for markets to function 

efficiently. 

The traits of these metal minerals are: 

 By-product metals which are produced as a minor product in the production process of a main element 

such as copper or zinc.  The concentrations of main or carrier element is available at percentage ranges, 

while the by-products are available at ppm range and produced at substantially lower volumes.  

Sometimes they can be extracted economically enough to add to profitability but in other cases they are 

considered an impurity therefore increasing the production costs of the main element.  These factors 

mean: that there are no meaningful estimates of reserves for these minerals so calculations of reserve 

life cannot be made; that they are prone to prolonged supply constraints since their availability cannot 

be easily adjusted to increases in demand; and as a result that they are subject to limited correlation 

between prices and production volume. 

 Coupled minerals are groups of minerals, such as the 17 Rare Earth Elements (REE) and 6 Platinum 

Group Elements (PGE) which typically occur together due to their geo-chemical properties being very 

similar.  They therefore have to be mined and processed together i.e. a single REE (e.g. Dysprosium) or 

PGE (e.g. Rhodium) cannot be mined individually.  This makes them subject to balancing problems as 

each element has to be extracted in different quantities depending on the respective quantities in ore 

bodies which often do not reflect market requirements.   

 Minerals whose production is subject to monopoly and oligopoly power (national or corporate).  For 

example, REE (which are also coupled elements) are predominantly produced in China (where presently 

97% of global production is based).  This makes them subject to producer power which potentially 

results in elements not being available at the quantities that matches market needs.   

 

The most potentially significant metal minerals constraint risk to UK energy innovation and system 

development to 2050 may be posed by the volatility in price and potential disruptions to the availability of 

these `technology metal minerals’ used in both conventional energy generation and low carbon 

technologies.  Supply uncertainty is the key concern.  The availability of technology metal minerals at 

reasonable economic costs is key to facilitate the rapid commercialisation of the low carbon energy system.  

There is also an element of lock in to some of these technology minerals due to the inability to substitute in 

the medium to short term.  There are, however, policy responses available to reduce the risk of supply 

constraints.  In order to understand these, the mining sector and metals minerals markets need to be better 

understood; these are explained in sections 3.6 and 3.7, below. 
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3.6 The Mining Sector 

The mining sector is highly heterogeneous ranging from vertically integrated mining giants to small, single 

mine / refinery or exploratory companies called Juniors - see figure S4.  The different groups use different 

business strategies to manage risk and create growth opportunities.   

 

 

Figure S4: Global Corporate 

Mining Sector firm size and 

operational focus.   

Junior companies find new ore 

bodies and sell them on to the 

larger companies. 

Intermediates offer growth 

potential through merger 

among themselves or by being 

taken over by the largest 

corporations. Miners feed 

product to smelters and 

refiners, who in turn provide 

metals or mineral products to 

fabricators, and so on.  Thus, 

in this sense, the industry is 

highly interdependent, both 

along the product supply 

chain and across different 

mineral groups42
 

 

3.7 Metal Minerals Markets and Mining Sector Responsiveness 

In contrast to the few fuel minerals, non-fuel minerals comprise a relatively large heterogeneous group; 

therefore few significant general observations can be made about them.  However, metal minerals are less 

fungible and bottlenecks more likely. 

 

The volumes traded on metal minerals markets are highly varied and substantially smaller than other 

minerals sectors.  For example, metal minerals extracted in 2009 totalled 2.41 Gt compared to the global 

aggregates market at 41.2 Gt, coal at 5.9 Gt and oil 4.2 Gt.  Metal minerals market size ranges from Iron ore 

at 2.07 Gt (95% of 2009 metal minerals markets) to the 32 metals which are (or in some cases estimated) to 

be produced at sums of 32 kt or less making up 112 kt (or 0.005% of 2009 metal minerals markets) in total 

per annum.  Indeed the volumes produced for a number of minor metals are not available.  Many of the 

metal minerals essential to the development of high tech and energy system technologies are in these 

smaller markets - see figure S5, below.  For example, hafnium - critical for low carbon, CCGT and nuclear 

technologies - had a global production of 25t in 2009.  
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Figure S5: The scale of different minerals markets (note the Log10 scale on the y axis) showing the different 
mining sectors that are attracted to different markets and the tendency for technology metal minerals 
(including by-product and coupled minerals) to be in the smaller markets43,44,45,46. 

 

 

In terms of metal mineral market dynamics the following recent trends are salient with regards 

contemporary concerns of minerals resource availability from metal mineral consuming nations: 

 The demand side is characterised increasingly by non-OECD nations which now consume substantial 

proportions of the world’s production, especially China, which in 2009, accounted for 47.7% of global 

Iron Ore, 45.4% of global Steel, 44.6% of global Lead, 41.3% of global Zinc, 40.6% of global Aluminium, 

38.9% of global Copper and 36.3% of global Nickel - albeit much of this was subsequently exported in 

products. 

 On the supply side there is shift of mining activity from OECD nations to emerging economies and 

increasing company concentration, for example: 

 China is now the world’s largest mining country with (Brazil (No 6), Russia (No 5), India (No 4), 

South Africa (No 6) among the top 10 mine producers. The only developed economies among 

the top 10 countries are Australia (No 2), USA (No 3) and Canada (No 10).  The role of European 

and US mining as a proportion of mined metals by value has been in decline since 1850 which 

has reduced minerals security for these nations - see figure S6, below; and 
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 Company concentration can be found in the supply chain for Iron ore where 32% of production is 

concentrated in 3 of the world’s largest mining organisations (Vale 14.1%, BHP Billiton 8.1% and Rio 

Tinto 9.8%). 

 

Figure S6:  Location of 
mining by region since 
1850 to present.  
Measure is as a function 
of total value at the mine 
stage of all metals 
produced by all 
countries

47
.  It is worth 

noting that the minerals 
sector has also increased 
31 fold from 68 M 
tonnes in 1900

48
 to 2.41 

Billion tonnes in 2009
49

. 

 The mining sector is renowned for being extremely conservative in its responsiveness to price spikes 

due to the capital intensive nature of the industry.  Therefore, investment response to increased 

demand can take 2 years to be realised - see figure S7.  This investment leads to exploration activity 

being ramped up, with new mine developments typically requiring careful advanced assessment 

including environmental and social baseline studies, extensive ground preparation, the construction of 

plant, the acquisition of specialised equipment and the creation of facilities for the disposal of mine 

waste and not uncommonly they will also require the building of railways, ports and power stations.  

Therefore, there are even longer lags between the price signal and the time that the investments have 

an impact on supply, for example, figure S8 indicates that there is an 8 year lag for copper.  For a 

detailed breakdown of the macro-economics of the sector in the recent commodities boom (2003-2008) 

- see Humphreys (2010)50.  These traits are, however, most typical of the Giants, Seniors, Intermediates 

and Nationals - figure S4 and larger minerals markets - figures S4 and S5.  

 
Figure S7:  Investment in non-ferrous mining and 
metals relative to price51. 

Figure S8: Copper prices and mine production52. 

  

Figure S7, shows the time lag between investment (left axis) and non-ferrous market prices (right axis) of 2-3 years.  

Figure S8, shows copper production relative to prices showing a gap of 7-8 years between peaks. 
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 The most market responsive part of the sector are the Juniors which are funded by a different set of 

investors and according to a different set of economic drivers and set of investors from those of the 

mining giants - figure S9.  They also tend to focus on smaller minerals markets (by value and volume) - 

figure S5.  They are likely to be responsive to the notion of a mineral’s criticality and the public profile of 

a mineral.  This is because equity capital for a project becomes easier to promote if the product a junior 

is expected to recover is viewed as having an exciting growth prospect; especially when this is reflected 

in strongly rising prices, as funding is more readily available at such times.  This is the sector that should 

be the focus for targeting policy with regards to stimulating small minerals markets and technology 

metal minerals. 

 

 

Figure S9:  Worldwide exploration by 
company type (% shares)53 

Note. These figures probably underestimate 
total exploration as MEG figures do not 
include exploration by state companies and 
other state organisations. 

3.8 Economic Countermeasures to address Technology Metal Minerals Constraints 

There are a number of economic countermeasures that may address minerals availability along metal 

minerals life cycle - figure S10.  They have differing response times - these are summarised in figure S11 

related to energy generation technologies.   

Figure S10: Countermeasures for market balancing related to minerals product life cycles. 

Enabling 

 Improved awareness, data collection and dissemination to improve the transparency of the markets. 

 Trade and international co-operation. 

 

Supply Side 

 Finding new sources of primary supply (e.g. more 
exploration and investment); 

 Increasing secondary sources of supply (e.g. 
increasing recycling, exploitation of gauge piles or 
stockpiling

54
);  

Demand Side 

 Resource efficiency (in the final product, e.g. 
using less of an expensive component); 

 More efficient use of the end-product (e.g. 
demand reduction); 

 Substitution of the material by another material 
inside the same final product (demand 
destruction); 

 Substitution of the end-product (demand 
destruction); 

A key countermeasure is the implementation of these 
strategies by better design and innovation. 
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Figure S11: Economic countermeasures that may be implemented to address technology metal minerals supply constraints and their timeframes of 
operation.   It is noteworthy that though government can set the policy framework there is a role for business to take action and work with government to address the 

challenges. 
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3.9 Different National Responses to Technology Metal Minerals Constraints 

The implementation of different minerals and metals policy options, outlined in figures S10 and S11, by 

different governments to ensure security of supply have been mapped and the degree of activity presented 

in figure S12. 

 

Figure S12:  Assessment of the different minerals policy activity being implemented by different 
governments to ensure security of supply55,56,57. 

 
 
Two clear trends are evident in figure S12: 

 In the short-term, supply side policies are being implemented by all countries and demand side 

measures are being heavily researched; and 

 There is also a split between mineral consuming and producer nations with producer nations (China, US, 

Australia and Canada) focusing on enhancing primary production and those in minerals consuming 

nations seeking to establish demand side reduction measures with some enhancement of primary 

production via indirect mechanisms and the encouragement of domestic production.   

With this in mind it is worth highlighting that: though the impact of metal minerals non-availability on the UK 

economy has yet to be quantified, and is likely to be similar to other mineral consuming nations, however, 

the UK’s response to the issue has tended to be non-interventionist.  This is in contrast to proactive 
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initiatives that other governments are taking, particularly on the securing of upstream supply and funding 

research into developing secondary sources.  In the long run, the UK is therefore likely to be at a 

comparative disadvantage should markets remain tight, the ability to develop a high value manufacturing 

sector will be jeopardized and the value creation opportunities of implementing mineral security measures 

will be missed e.g. material efficiency through better design, reuse and recycling technology development. 

 

4. Recommendations 

With these issues in mind, the ERP makes the following recommendations to ensure the UK has a globally 

competitive energy innovation sector: 

 The location of responsibility for the monitoring of metals mineral non-availability risk should be 

better defined in government.  Policy makers need to develop capacity to be aware of the 

characteristics of the individual mineral products under threat and understand better where and how 

they are produced, especially those which come as by-products of other minerals, or flow from the 

processing of imported ores. 

 

 Resources risk assessments require a more holistic perspective of supply and demand side issues in 

order to account for market dynamics and ensure the development of appropriate policy responses.  

Surveillance systems should be established via the Foreign and Commonwealth Office UK Trade and 

Industry and Science and Innovation Network to identify international issues that might impact 

resources key to the UK and such issues should be fed directly into the UK National Security Council. 

 

 Market transparency, awareness and the needs of upstream supply actors should be a priority to 

stimulate stronger market signals for technology metal minerals.  Transparency measures include: 

 the development of awareness of minerals use in energy technologies (e.g. via bill of resource inputs 

labelling) and impacts of minerals policies enacted by supplier nations; 

 Improved datasets through the incentivisation of the regular publication of production, trade 

statistics (at the appropriate level of disaggregation), or where the private sector lacks sufficient 

incentive to develop information on these minerals the funding of national geological bodies to 

conduct the research and produce data should be considered.  In the UK, increased funding for the 

Resources Dashboard should be made so that the platform can be placed on line as soon as possible. 

 An increase in government focus to develop information and co-ordinate extension services to Small 

and Medium Enterprises who are likely to be most exposed to metal minerals non-availability and 

are key to UK energy innovation. 

 Promote more open pricing mechanisms where possible.  When there is sufficient liquidity these 

metal minerals should be brought to exchanges.  Until that level of liquidity is attained it is to be 

expected to that market balancing mechanisms may not be responsive as actors would like;  

 Primary supply initiatives include increasing the availability of risk capital for Junior miners for their 

exploration operations in unstable regions, where possible providing political support (ensuring 

environmental and social safe guards are in place) and encouraging investment and R&D in refining 

capacity to improve deployment and efficiency for by-product refining technologies, respectively. 
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 Investment into demand side research to address the root cause of minerals insecurity.  These and the 

other countermeasures for addressing resource constraints should be incorporated within the evolving 

BIS Industrial strategies.   Within this work the following should be considered: 

 Understand where value capture in high technology manufacturing Global Value Chains takes place, 

particularly those associated with conventional and low carbon energy generation technology 

development. This can build on the work undertaken in the Technology Innovation Needs 

Assessments undertaken by the Low Carbon Innovation Co-ordination Group such as the Low Carbon 

Innovation Strategy; 

 Scenarios need to be developed to better understand the second and third order impacts of supply 

constraints of technology metal minerals on UK energy innovation and system development as well 

as the wider economy - the ERP is of the understanding that some work in this area is underway for 

the wider economy; 

 This should include the removal of barriers to facilitate favourable economics for recycling as well as 

incentives for innovation in recycling technologies.  Materials efficiency and substitution research 

initiatives should also be improved and co-ordinated with the UK manufacturing and design sector;  

and 

 Research of the impacts of the interaction of these policies on UK metal minerals supply chain needs 

to be undertaken e.g. there is the possibility that increased substitution and recycling may cancel 

each other out and the potential for bottle necks in secondary supply chains needs to be 

understood. 

 

Specific recommendations for business include: 

 Develop access to information platforms which will allow the development of capacity to be aware of 

technology metal minerals which are subject to supply constraints and innovation that is being 

undertaken in the relevant sectors of the economy which either will utilise increasing amounts of 

technology minerals or substitute them out; 

 Develop a better understanding of supply chains and the exposure of these supply chains to disruption 

as a function of causes of metal minerals constraints;  

 Have contingency measures established to address issues as they arise for example through vertical 

integration, stockpiling, minerals efficiency, the development of substitutes etc.; and 

 Informing government of their concerns and working with government to address challenges. 
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