
The Bigger Picture
THE ROLE OF ALUMINIUM SMELTERS  
IN DECARBONISING OUR FUTURE
The International Energy Agency (IEA) predicts the future will be electric and mostly renewable. 

For large industrial users of energy this brings both challenges and opportunity. Flexibility of energy use will become key, however.

WHEN IT COMES TO ELECTRICITY DEMAND… YOU HAVEN’T SEEN ANYTHING YET

The IEA state that to meet CO² reduction targets by 2050, global industrial process heat will need to be electrified.

Process heat represents 74% of industrial energy demand worldwide, of which only 10% is electrified, leaving some 76.5 EJ of 
energy to come from mainly the direct burning of fossil fuels (see figure 1). This amount of energy is staggering on any scale, it’s 
the equivalent 21.25 million Gigawatt hours. To put that in perspective that‘s around 100 times Australia’s current total annual 
electricity generation.

This new demand for electricity will see the required global generation grow to around five times what we generate today. 

Figure 1 As CO² emissions from other sources decline, industry’s relative share of total emissions increases, as it progressively becomes the primary source of CO2 
emissions by 2050. Source: Solar Payback (2017), based on IEA statistics and calculations by IRENA.

So where is all this new electricity going to come from?

It’s going to come from clean renewable energy sources (with some gas transition), and this is going to happen for four reasons:
1. Public consciousness will demand it 
2. The levelised cost of building new renewables is already below the cost of operating existing coal and nuclear power 

generation, and will continue to fall
3. Financing the cost of building new coal or nuclear electricity generation will become increasingly difficult, if not impossible
4. Significantly for large industrial users, renewables for the first time can offer cheaper energy than the direct burning of fossil fuels  

So, if the IEA is right and the future is electric and mostly renewable, what does this mean for large industrial users, both those 
in the grid today, and those seeking to enter. 



A BALANCING ACT

For the last 135 years we have operated a ‘balanced’ electricity grid system without energy storage, where exactly the same 
amount of active power that is generated, has to be consumed. Daily variations in demand were mostly predictable and were 
able to be meet by increasing or decreasing on-demand dispatchable generation (mainly thermal coal, gas and nuclear). 

The recent proliferation of variable renewable energy means however, that an ever-increasing percentage of generation is 
not dispatchable, making it even more difficult and complex to keep the grid balanced,  in order to have stable and reliable 
electrical system.  

 To smooth out the net load, grid operators have five options (tools) at their disposal when faced with a ‘steep ramp’ shortage 
of generation:

1. Fire-up idle dispatchable generation
2. Build ‘peaking’ plants; short term quick start dispatchable generation (mostly gas)
3. Build energy storage; batteries or pumped hydro (possibly hydrogen in the future)
4. Demand Side Response/Management (DSR or DSM), whereby electricity consumers switch off or turn down (the traditional 

mechanism to drive this was high spot pricing)
5. Curtailment of supply, i.e power cuts.

When faced with a steep ramp caused through excess generation, to smooth out the net load, grid operators have three 
options (tools) at their disposal:

1. Increasing demand (traditionally through negative pricing in the spot market)
2. Energy storage; batteries, pumped hydro, or possibly in the future hydrogen generation
3. Curtailment of generation.
 

FLEXIBILITY IS THE NEW REQUIREMENT

The commonality of all these tools is that they require flexibility of operation. For the world’s aging coal fired power station 
fleet however, there is some evidence to suggest that quick ramping up and down is hastening their end-of-life, as they were 
never really designed to do this. It is also evident from the increasing volatility of spot pricing that has followed the increase of 
renewables (on both the high and low sides), is that we still have a way to go for these tools to be deployed fast enough and 
with enough capacity to smooth net load.

Enter modulating aluminium smelters, and for that matter all other large industrial users of electricity. By flexing their industrial 
sized load, aluminium smelters can both load-shed, or increase electricity consumption, at critical times to help balance the 
grid. This DSR will play an increasingly important and financially valuable role, to help balance our grids and decarbonise our 
future. 

The IEA state that a grid with DSR is operationally cheaper to run (3%), as well as being substantially cheaper in terms of capital 
investment for the power system, as it avoids the capital cost of building new generation (especially for the new generation to 
then sit idle and only be used at peak times).

PRODUCTION MIGRATION 

With electricity making up around 40% of the cost of producing primary aluminium metal, it is only natural that aluminium 
smelting has traditionally migrated towards cheap sources of power generation. 

With the levelised cost of constructing new solar and wind making variable renewable energy the cheapest electricity 
generation, it makes complete sense that the future of primary aluminium production will migrate towards these cheap clean 
sources of energy. The only catch is that aluminium smelters will have to be flexible with their electricity consumption. 

Fortunately, cost effective energy modulation enabling technology now exists to retro-fit existing aluminium smelters to take 
advantage of this new energy paradigm, by flexing load to better match the net load demand in the grid.



CAN ALUMINIUM SMELTING LEAD THE WAY FOR OTHER LARGE INDUSTRIALS?

Aluminium smelting could become a global example of how large industrial users can interface and assist the grid as it 
transitions away from fossil fuels. If aluminium smelting can transform from constant load to variable load and in the process 
become huge virtual power plants for the grid, then it can assist with the energy transition and set a strong example for other 
large industrial users to follow. 

NATION BUILDING

Any big picture holistic view would not be complete without consideration of what we do with any excess variable renewable 
generation.

It is predictable that paying renewable generators to switch off generation will increasingly be viewed as a waste of a nation’s 
(and the planet’s) renewable resources, especially if coal is still being burnt later to fill in any shortfalls. Indeed, it could be 
argued that not using free clean energy when it is available is possibly the biggest waste of natural resources that exists today. 

The UK grid operator for example, paid wind farms £167 million in 2019 to switch off because of excess generation in the grid. 

Politically, it won’t be long before the public will start to ask what could have been achieved as a nation with that electricity. 
What sort of economic activity, jobs, and foreign exchange could have been generated with that ‘free’ electricity, and 
importantly, how much CO2 could have been saved from entering the atmosphere?

Times of surplus ‘free’ energy is one of the opportunities and key drivers for those proposing a hydrogen-based economy. It 
is also one of the key opportunities for large industrial users to boost economic activity by producing more in times of clean 
energy surplus.


