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THE INDUSTRIAL CHALLENGE OF GREENING THE ELECTRICITY SYSTEM: A FOCUS ON THE SUPPLY OF 

MINERAL RAW MATERIALS

During my first year as Senior Fellow (2021-2022), I conducted a research on the role of natural gas in 

the electricity generation mix. This objective of the study was to analyze the role of natural gas in 

electricity generation and the implications for public policies by comparing the evolution of two 

hypothetical global electricity systems: one designed to reach zero-CO2 emissions by 2035 and another 

one with the objective to maximize global social welfare by instituting an international CO2 tax 

reflecting the estimated social cost of carbon.  

In the resulting paper (M-RCBG Associate Working Paper N°174), it is shown that that the implicit CO2 
cost of imposing a zero-CO2 emission target is an order of magnitude higher than the typically accepted 
social cost of carbon as a consequence of the non-dispatchable nature of renewable technologies. A 
tax approach would be much more cost-efficient and leads to a different mix in which natural gas still 
plays an important role as firm capacity provider. Public policies should better take into account the 
additional costs of integrating renewable technologies above 70% penetration level and dedicate more 
R&D efforts for alternative storage solutions.  

For my second year, my focus switches to another aspect of the evolution of the electricity system: the 

supply of the required raw materials, minerals and metals more specifically, the potential impacts on 

geopolitics and in turn, on the rate of the energy transition. The path to a renewable energy based 

electricity system implies a significant industrial effort and in particular the availability of different raw 

materials, which seem today to be heavily controlled by a limited number of countries, China in 

particular.  

Requirements of mineral raw materials for a zero-emission electricity system by 2035, only based 

on renewable technologies. 

In my previous paper, a global electricity generation trajectory that reaches zero CO2 emissions by 

2035 was proposed. In this scenario, all fossil fuels are eliminated by 2035, leaving only renewables 

(on-shore and off-shore wind, solar photovoltaic ‘PV’), hydro, and nuclear. This trajectory is depicted 

here below. 
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It is worth noting that this is the kind of trajectory that is required to have some chance to limit 

temperature rise to 1.5°c, as illustrated in the chart below. 

The trajectory was based on required energy, i.e. GWh. For the analysis conducted in this paper, the 

energy profiles need to be translated into installed power, i.e. GW. The conversion from energy to 

power is fundamentally driven by  the capacity factor. As developed in my previous paper, as the 

renewable penetration level increases, the capacity factor is negatively impacted due to the non-

dispatchable nature of renewable technologies, especially above 70%. The following chart shows the 
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required yearly additional GW, based on those capacity factors, compared to the additional power 

effectively installed in 2020 as a reference.  

Main metals entering in the manufacturing of current renewable technologies are summarized in the 

table below (based on “The Role of Critical Minerals in Clean Energy Transitions” published by the 

International Energy Agency, 2021).  

Metric tons/MW Wind on-shore Wind off-shore Solar PV CCGT/Coal

Copper 2.85 8.0 2.85 1.1

Zinc 5.4 5.4 - -

Rare Earths < 0.2 -

Silicon - - 4.0 -

Construction of renewable technologies is significantly more metal-intensive than traditional natural 

gas CCGT and coal plants. Combined with the decreasing capacity factor with renewable penetration, 

the impact on key minerals need would be disruptive. This is particularly true for copper as illustrated 

below.  

The production of copper for power generation would have to be multiplied by ~15 by 2030, eating up 

about 75% of current world production. Additionally, this increase would be for a limited amount of 

time as production requirements would quickly go down, while still remaining 5x current needs (for 

power).  

Date on production and reserves is taken from the US National Minerals Information Center
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The following chart summarizes the expected cumulated needs of the key minerals over 2021-2035 in 

order to reach a global net-zero electricity system compared to “business as usual” and reserves. 

Reserves for silicon are not indicated as they are vast. 
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Another dimension to consider is how switching from fossil fuels to renewable technologies changes 

world dependency on some key countries. The following charts illustrate (i) current fossil fuel 

dependency based on the distribution of fossil fuels production and their respective costs for electricity 

generation in the US and (ii) country dependency for key minerals in 2030 based on the current 

distribution of metal production and their spot price.  

Dependency for fossil fuels is basically driven by natural gas production un the Middle East, Russia and 

the US. China is a major coal producer and user. 

In 2030, the picture is quite different.  The reliance on China increases significantly when refinery 

production of copper is considered instead of mine production. Chile, as the major mine producer of 

copper is becoming an important player. 

It should also be note that the absolute value of fossil fuels is around 450 billion USD while the value 

of required key metals in 2030, at the peak of needs, is half that amount. 
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From this first analysis, we can draw some first observations and following-up questions: 

- The proposed trajectory to a global net zero CO2 electricity system exclusively based on 

renewable technologies would imply a very significant surge in key mineral requirements over 

a short period of time. What implications for industrial investments given that the increased 

level of production will not be used beyond 2035, what implications for material costs and 

other uses of those metals? 

- On an aggregate basis, there is no reserve issues for copper, the most required metal in terms 

of volume, for rare earths or silicon. There is an issue with zinc, but substitute exist. 

- Reliance on China will increase. 

Additional analysis should conducted from here: 

- What would be the effect of adding battery storage to the system: reduction of 

copper/zinc/rare earth needs as it will improve power plants capacity factor but increased 

requirements of lithium and cobalt; 

- Same question while keeping a base of natural gas. This could smooth out over a longer period 

of time the required investments in mineral mining and refinery; 

- Deep dive on copper mining and production. 


