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Abstract:  
Australia is facing an ongoing energy crisis, driven by a combination of reduced ‘base-load’ 
capacity and reliability from an ageing coal-fired power station fleet, as well as the rapid 
uptake of variable wind and solar generation that has yet to be fully buffered by energy 
storage. Furthermore, investment in new generating capacity and interstate grid connectivity 
has not kept pace with thermal power retirements. This is due to policy uncertainty around 
the future of high CO2 power generation, rising fuel prices, the unviability of nuclear power, 
and the plummeting cost of clean but variable renewable generation. The resulting national 
grid is proving to be susceptible to unexpected shocks and high peak spot-pricing, and is only 
predicted to become more volatile. Unsurprisingly, Australia’s aluminium (Al) smelters are 
facing immense challenges operating in this environment. As well as potline outages 
occurring, smelters face an uncertain future when it comes to negotiating base-load contracts 
at below the cost-of-generation they have historically relied on, as the economics of base-
load demand is constantly eroding and being replaced with the need to value flexible 
electricity consumption. This article examines some of the impacts and explores some of the 
pathways and opportunities that smelters can use to survive and even prosper, including 
power modulation and the provision of ‘demand-side response’ services to the national 
energy grid.  
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1 Introduction 
 
Traditionally, aluminium smelters have operated with the assumption of stable inputs to the 
process and consistent power supply to ensure stability of heat and mass balance within the 
cell. The assumption of a low-cost, constant, reliable and secure energy supply for smelters is 
now being increasingly challenged as electrical power systems adopt an ever-greater 
proportion of variable renewable energy (VRE) sources – namely solar and wind energy, and 
are increasingly exposed to carbon emission pricing. To survive and remain competitive in this 
environment, smelters will need to continue re-assessing past operating paradigms and 
assumptions.  
 
The following article explores the situation in Australia as a case study and presents some of 
the potential solutions for smelters operating in this region.  

1.1. Australia’s energy market and ongoing energy crisis 
 
In Australia, the National Energy Market (NEM) is the power system that connects energy 
grids across the eastern and southern states of Queensland (QLD), New South Wales ((NSW), 
which includes the Australian Capital Territory (ACT)), Victoria (VIC), South Australia (SA) and 
Tasmania (TAS). As shown in Table 1 [1], Australia’s four remaining primary aluminium 
smelters – Bell Bay (Tasmania), Boyne Island (Queensland), Portland (Victoria) and Tomago 
(NSW) – are all situated within the NEM and therefore is the energy market relevant for 
discussion here. The NEM is operated by the Australian Energy Market Operator (AEMO).  
 
Table 1: Australia’s aluminium smelters and production capacity, including those now closed 
(figures from Djukanovic [1] and authors’ estimates to include production upgrades).  

Status Smelter State Year start Year closed Production capacity 
(tonnes per annum) 

Operating Bell Bay TAS 1955 - 190,000 
Boyne Island QLD 1982 - 572,000 
Tomago NSW 1983 - 580,000 
Portland VIC 1986 - 358,000 
Subtotal   1,700,000 

Closed Kurri Kurri NSW 1969 2012 180,000 
Point Henry VIC 1963 2014 185,000 
Subtotal   365,000 
Total capacity  2,065,000 

 
Over the past decade, the make-up of electricity generation in the NEM has changed rapidly. 
While still dominated by ‘baseload’ sources of energy (coal, hydro-electric and gas) there is a 
rapid ongoing expansion in market share from now least-cost VRE sources. According to the 
AEMO [2], the decade from 2008 to 2017 has seen the retirement of 5.2 GW baseload 
generation (mostly coal), replaced by 6.7 GW of new generation composed of: 

• +3.0 GW of wind (44%) and +0.3 GW of grid-scale solar (4%) – both VRE sources  
• +2.9 GW of natural gas (43%) 
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• +0.3 GW of hydroelectric (4%) 
• +0.3 GW others (including liquid fuel, biomass) (4%). 

 
Since 2018, another 18 GW of new generation in the NEM – almost all large scale VRE capacity 
– has either been added, is under construction or been financially committed [3]. Expanding 
VRE capacity in the NEM is supplemented by additional small-scale rooftop solar – now a 
cumulative total of 8.1 GW by the end of 2018 [4]. 
 
The past decade has also seen a lack of stable, consistent national energy policy and strategy 
in Australia, resulting in uncertainty in the energy market. Furthermore, rising coal and gas 
costs combined with the financial markets’ projection of some level of carbon pricing (in the 
medium term) has meant that investment in new coal-fired baseload generation capacity is 
now very unlikely. Assuming no further coal-fired generation is built, Error! Reference source 
not found. shows how the Australia’s aging fleet of coal-fired capacity in the NEM could be 
almost phased out by 2050 (assuming 50-year operating lifetimes), with 50% of remaining 
capacity expected to retire within a short 5-year window (2032-2036) [2].  
 

 
Figure 1: Remaining coal-fired generation capacity (MW) in Australia’s NEM, with most plants 
expected to retire by 2050. Figure reproduced from AEMO [2]. © Copyright AEMO, 2018.   

 
These retirements could be much more abrupt, considering the eroded viability of coal-fired 
power plants in face of reducing costs for VRE generation, the regulation of pollution controls 
and/or eventual pricing of carbon emissions. Furthermore, the risk of unplanned and 
catastrophic failures in thermal power plants increases towards end of useful life. Examples 
include a seven-month 560MW unit outage at AGL Energy Ltd’s (AGL) Loy Yang A coal-fired 
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plant in VIC in 2019 and the scheduled early closure of the 40-year old Muja C plant in WA by 
the end of 2022, as it is no longer cost competitive [5]. Almost all of this baseload capacity is 
likely to be replaced by VRE complemented by peaking gas capacity. 
 
Whilst baseload sources of energy such as coal are generally reliable, predictable and 
‘dispatchable’ (output easily controlled by demand), VRE sources of energy are by nature 
intermittent, with seasonal and diurnal variability. 
 
Figure 2 [2] highlights the significant drop in the on-grid energy demand during daylight hours 
due to large-scale uptake of rooftop solar PV in the state of SA from 2010 to 2017. Increasing 
uptake of VRE in the power system represents a significant, growing challenge for the grid 
operator AEMO to balance out daily and seasonal variations in energy demand vs. generation.  
 
Adverse weather events can also significantly impact on VRE generators to output the energy 
required to meet demand. The uneven distribution of VRE (predominantly in SA and TAS) has 
in the past resulted in unplanned interstate connection failures or ‘black-outs’ across the NEM. 
The reduced on-grid baseload demand combined with the frequent, steep ramps/drops in 
demand created by VRE (Figure 2) places additional stress on Australia’s aging coal-fired 
generation fleet, potentially increasing the risk of outages and unplanned retirements.  
 

 
Figure 2: Change in average energy demand (MW) over 24 hours in SA from 2010 to 2017, 
highlighting the impact of rooftop solar PV. Figure redrawn from AEMO [2]. © Copyright 
AEMO, 2018.   

There have been many recent efforts to ‘firm’ up the NEM power system to accommodate 
the uptake of VRE sources. These include installation of numerous large-scale lithium-ion 
batteries (e.g. the 100 MW / 129 MWh Hornsdale Power Reserve in SA, supplied by Tesla) 
and six proposed pumped hydro schemes (e.g. Snowy 2.0 in NSW, the Battery of the Nation 
in TAS, Genex Power in QLD and three proposals in SA).  
 
However, even with all of these, the AEMO’s integrated system plan (ISP) shows the NEM will 
be increasingly susceptible to unexpected shocks (reduced energy output from wind/solar, 
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extreme weather, failure in grid interconnectors) with resulting variability in spot pricing, such 
as: 

• High peak spot-pricing of up to A$14,500 per MWh 
• Negative prices as low as A$1,000 per MWh in periods of high VRE generation.  

 
This paper explores how aluminium smelters can manage (and perhaps benefit) from these 
price variations, if they adopt a paradigm shift in how they operate. 

2 Impacts of a Changing Energy Mix on Australian Smelters 

2.1. Energy cost and impact on smelter competitiveness 
 
Energy is one of the largest cost components of an operating smelter and hence aluminium 
smelters are almost always built where there is a nearby source of reliable, low-cost energy. 
When Australia’s first smelters were built in 1950-60’s (Table 1), they benefited from very 
cheap, long-term electricity agreements with State-owned thermal power generators. In light 
of the need for employment and the significant volume of stable, baseload demand provided, 
State governments in Australia have historically provided industry with electricity prices at 
least half that paid by retail customers. However, subsidising of long-term electrical power 
contracts for aluminium smelters has for the most part ended; as such, one can say that 
Australian smelters are no longer in the top quartile of global competitiveness. 
 
However, as discussed earlier, VRE is now providing the least cost solution to the rising need 
to both replace end of life thermal capacity and decarbonise the Australian economy. This 
higher uptake of VRE sources in the NEM not only impacts on energy reliability and security 
(unless sufficiently buffered by batteries, pumped hydro storage (PHS) and other dispatchable 
generators), but also on the cost of energy (especially peak spot pricing) to large-scale 
industrial users such as smelters. A 2018 case study [6] comparing industrial electricity costs 
over the 2017-2018 period, suggested that if Australia were a state of the US, it would rank 
in the highest quartile of power prices at A$150/MWh, compared to a median of 
~A$100/MWh.  These impact on the competitiveness of the aluminium industry.  
 
Decreases in global aluminium prices from >US$2,000 to around US$1,500 per t Al since 2011 
[7] have put further pressure on smelters, decreasing the viability of smelters with already 
higher operating costs. Two smelter closures at Kurri Kurri and Point Henry (Table 1) already 
illustrate this impact. The adoption of any carbon price (even A$20-30 per tonne) in the future 
– considering 90% of the aluminium smelter’s total emissions of 13 t CO2/t Al (in 2017 [8]) are 
due to electricity generation, largely coal-based – would have a further material and adverse 
impact on a smelter’s operating costs and global competitiveness. 

2.2. Recent power interruptions to Australian smelters 
 
Within a smelter’s normal operation, brief power interruptions to a potline (typically 30 
minutes or less) can be reasonably common, particularly in technologies that require the 
potline to be de-energised to cut retired cells and re-connect new cells. Many smelters also 
have contractual arrangements with the power generator, giving grid operators like the 
AEMO authority to temporarily curtail power to smelters when energy generation is 
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insufficient to meet demand. As is discussed later, without new demand-side response (DSR) 
and large-scale energy storage technologies in the grid, this scenario is more likely to occur 
with increasing proportions of VRE generation (and retiring baseload) in the energy mix.   
 
Regardless of the cause of power interruptions, aluminium reduction cells rapidly cool and 
start to freeze without energy input. However, the risk of cells freezing entirely, resulting in a 
prolonged potline outage (total loss in metal production) exponentially increases beyond 1-2 
hours of power interruption (Table 2). The risk is greater with sudden or unplanned 
interruptions, as pre-emptive actions to preserve heat in reduction cells cannot be taken. As 
described by Tabereaux and Lindsay [9] in a review of 30 recent potline outages around the 
world, the duration of the power interruption is critical. The cost of potline outages, due to 
lost production and cost to restart – is very significant and can be in the order of US $30-40 
million per potline for large modern potlines [9]. With modern potlines having as many as 300 
cells each, the duration of the restart and recovery to full production is in the order of months 
after an outage.   
 
Table 2: Impact of power interruptions to a smelter potline [9]. 

 Duration of Power 
Interruption 

Likely Consequence to Cells / Potline 

A 1-2 hours, or less Impacts to individual cells (anode effects, low bath levels, high 
resistance, etc); low-to-moderate risk of individual cells and 
potline freezing and shutting down. 

B 2-4 hours Moderate-to-high risk of shutting down the entire potline (due 
to open-circuit, rectifier overloads, etc) particularly with 
inexperienced operational staff. 

C 4-6 hours Very high risk of total potline shutdown and outage 

D Greater than 6 hours Certain total potline shutdown, all cells in the potline frozen 
 
Two Australian smelters – Tomago (in NSW) and Portland (in VIC) – have had their share of 
temporary power interruptions over the past few years, due to the rapidly changing dynamics 
of the NEM. 
 
In February 2017, Tomago responded to requests by power generator AGL to cut load (290 
MW) for 1 hour 15 minutes consecutively for each of its three potlines [10-11].  
 
In June 2018, Tomago – this time voluntarily – cut load to its potlines three times in one-week 
(in total, 1 hour or less per potline) to avoid triggering exposure to the spot market (up to 
A$14,000 per MWh) [12].  
 
In both cases, load shedding was due to multiple compounding factors in the power system 
including: scheduled and unplanned losses in thermal power generation (coal and gas-fired), 
reduced solar and wind output (due to weather conditions), cross-state interconnectors at 
capacity and insufficient power reserve, with heat waves being an additional factor in the 
February 2017 occasion [10-12].  
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Portland smelter in VIC also recently experienced a power interruption in January 2019, when 
the grid operator AEMO requested load shedding on two occasions (up to 1 hour on each of 
its two potlines) after yet another record heatwave pushed up energy demand, combined 
with a lack of power reserve (outages in thermal generation) and state interconnectors at 
capacity [13]. 
 
In December 2016, Portland smelter suffered a five-hour power interruption, caused by a 
major transmission fault in the grid. This resulted in a 70% loss in production capacity as the 
majority of cells in its two potlines froze [14]. Restoring the smelter back to full production 
took more than six months.   

3 The Diminishing Value of Baseload 
 
Having significant baseload demand in the power system is beneficial to thermal power 
stations, as coal-fired plants typically take days to fire up from cold to full capacity, and when 
demand slumps during off-peak periods, shutting down can be an expensive option (as a 
A$1000 MWh negative pricing floor demonstrates).  
 
Historically this supported a strong economic argument for the provision of baseload by 
aluminium smelters summed up here by the Australian Aluminium Council (AAC) in its 2004 
Submission to the Productivity Commission Inquiry into Energy Efficiency, under ‘demand 
management’ [15]:  
 
“The level of electricity consumed by an aluminium smelter creates a very significant baseload 
demand. For example, a smelter with an annual output of 300,000 tonnes will require around 
4,440 GWh of electricity. This situation provides an economic synergy between smelter and 
power plant ... the opportunity to sell a significant proportion of the generation capacity to a 
customer with a constant high demand has provided the guarantee (or minimised the risk) for 
the development of major base load generating plants in the recent past.” 
 
However, under a merit system where the least cost generating capacity is prioritised in the 
NEM’s grid operating system, and in the face of low cost but highly intermittent VRE energy, 
the concept of ‘baseload’ is increasingly becoming obsolete. The more low-cost VRE capacity 
that is installed, the less competitive traditional baseload capacity becomes. 
 
As described earlier, the Australian energy market is fast becoming more dynamic, as both 
the range between minimum and peak electricity use becomes extremely large, and 
steepness of the ramps (rate of change required) increases (Figure 2). The response time to 
meet any significant increase in energy demand is in the scale of hours for a coal-fired power 
station, 20-30 minutes for a gas turbine, 20 seconds to two minutes for pumped hydro storage 
(PHS) and roughly a second for batteries and DSR management (ANU Centre for Sustainable 
Energy Systems in [16]).  
 
AEMO’s Integrated System Plan (ISP) [17] puts forward the NEM roadmap for electricity 
generation, noting that baseload thermal power generation will continue to lose market share 
to VRE. AEMO concludes that the NEM needs a significant increase in flexible on-demand 
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thermal power capacity, battery and pumped hydro storage (PHS), increased interstate grid 
connectivity and management of DSR.  
 
Demand-side response (DSR) management – techniques that can vary consumers’ electricity 
demand in the grid to match supply – is therefore set to become a vital tool in balancing a 
power system with both variable supply with increasingly variable demand. This is explored 
in the next section. 

4 The Growing Value of Demand Side Response Flexibility  
 
Calls for a more sophisticated DSR have been growing since 2016 when the Coalition of 
Australian Governments’ (COAG) energy ministers agreed to an independent review of the 
NEM. One of the 2017 review recommendations (item 6.7) [18] was that “the COAG Energy 
Council should direct the Australian Energy Market Commission to undertake a review to 
recommend a mechanism that facilitates demand response in the wholesale energy market.”  
 
In July 2019, the Australian Energy Market Commission (AEMC) – which makes the energy 
rules and regulations for the NEM – released a wholesale demand response mechanism draft 
rule for consultation [19] that would allow non-retailers to offer demand response directly 
into the wholesale market for the first time. This means commercial and industrial electricity 
customers can decide to reduce their consumption at peak times and sell this demand 
reduction into the grid, putting DSR on equal footing to generation for the first time. Changes 
are intended to help take the pressure off the power system, “by meeting [Australia’s] 
electricity needs through the lowest cost mix of demand response and supply” [19].  DSR 
benefits both the giver (DSR provider who is shedding load) and the taker (the power system 
that deploys the liberated power elsewhere).  
 
The demand side participant can benefit in two ways; by firstly avoiding high spot prices, 
when and if they are exposed to them, and secondly by making an ‘arbitrage’ profit, i.e. selling 
contracted power back to the market at higher price than paid. At the same time and in 
addition to any arbitrage gains by the demand side participant, the power system or the NEM 
would also benefit from DSR contributing to peak net load reduction [20], thus avoiding the 
cost of new generation (ACOG) and the associated cost of new transmission (ACOT) to 
connect this new generation. 
 
The International Energy Agency (IEA), in its recent 2019 paper on the ‘China Energy System 
Transformation’ [20], estimates that in a Chinese power system with DSR (under a sustainable 
development scenario (SDS) for 2035) would be operationally 3% cheaper to run than one 
without DSR. This is because DSR increases utilisation of VRE enabled flexibility, reduces fossil 
fuels in the system, and leads to a flatter demand profile.  
 

4.1. Case study – the Hornsdale Power Reserve (Tesla battery)  

Given the Australian energy market is only now (July 2019) moving to provide the mechanisms 
for DSR to be treated the same as generation, the Hornsdale Power Reserve (HPR) provides a 
case study to examine the value of DSR. The AEMO [21] describes virtual power plants (VPP) 
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– which a modulating aluminium smelter would be classified as [22] – as providing some of 
the same services as the HPR, and therefore it is worth understanding the value of energy 
arbitrage.  

The HPR, situated just north of Adelaide, SA, next to the 300MW Hornsdale Wind Farm, was 
the largest battery storage facility in the world as of 2018. It is rated at 100 MW discharge 
and 80 MW charge, and has a storage capacity of 129 MWh. This represents approximately 
75 minutes at full discharge. It was built by Tesla and Neoen and commissioned by the SA 
state government in response to major blackouts in the state. The HPR battery provides a 
range of services including reserve energy capacity, network loading control ancillary services 
(NLCAS), and frequency control ancillary services (FCAS).  
 
As well as providing 55% of the state’s frequency response services, in its first quarter 
(December 2017 to March 2018) the HPR was used as a generator (discharging) 32% of the 
time. Typically, it had a charge/discharge cycle once per day, and discharged at less than full 
capacity over an extended period of time (circa 7 hours). The arbitrage rate – effectively, the 
profit margin – was an average of A$91 per MWh, with an average buy and sell price of A$86 
and A$175 per MWh, respectively [23]. The HPR cost A$91m to build, returned $24m in its 
first full year of operation, and provided A$50m worth of grid services to the NEM. [24]. This 
highlights the potential value both to the power system and the large industrial user – e.g. an 
aluminium smelter – that is willing to provide DSR services. 
 

4.2. How does DSR differ from other forms of Energy Storage? 
 
Energy storage technologies differs from DSR in that they consume electricity and stores this 
energy in some manner, then hands it back to the grid when needed. The ratio of energy input 
(in MWh) to energy retrieved from storage (in MWh) is the round-trip efficiency, expressed 
in %. In comparison, DSR releases energy back into the grid as consumers reduce their 
demand to meet the net energy shortfall. 
 
DSR is a valuable complementary addition to the power system because it has a different set 
of attributes to other forms of energy storage. These include:  

• A round trip efficiency of 100% 
• There is no recharge required 
• Industrial DSR is productive when not in use as a VPP 
• The duration of DSR is not limited to seconds or hours, with some DSR being able to 

bridge seasonal gaps in supply 
• DSR has lower cost structures, with many forms requiring no additional investment  
• Lost production from participating in DSR is paid by the market (arbitrage)  
• Industrial DSR suppliers that can go up in energy use, are able to use lower, zero or 

even negatively priced energy to compensate for lost production. 
 
Table 3 [25] provides a comparison of DSR – here, from a modulating aluminium smelter with 
enabling technology, discussed later – against other energy storage technologies (those 
existing and in development). Two parameters are considered, round trip efficiency 
(influencing cost per kWh of storage) and duration of response (indicating which grid services 
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a particular technology can provide or participate in). The table shows that there are limited 
options for taking excess VRE generation and storing it for use during times of peak net load 
demand, especially when it comes to anything over four hours in duration, illustrating the 
challenge for energy storage in the power system. 
 
Table 3: DSR vs. energy storage options for a power system, reproduced from Mathews [25]. 

Technology Round-trip 
Efficiency 

(%) 

Duration of response 

Seconds <4 hours <3 weeks >3 weeks 

DSR from modulating aluminium smelters 100% ü ü ü ü 

Fly wheels (FES) 90% ü X X X 

Superconducting magnetics (SMES) 95% ü X X X 

Cryogenic energy storage (CES-liquid air 
or liquid nitrogen) 

70% ü X X X 

Supercapacitor (EDLC) 95-98% ü X X X 

Li-ion battery 65-85% ü ü X X 

Sodium sulphur battery 85% ü ü X X 

Compressed air (CAES) 70% ü ü X X 

Solid mass gravitational 95% ü ü X X 

Lead–acid battery: 80% ü ü X X 

Flow battery (Vanadium redox battery) 65-75% ü ü X X 

Thermal storage (carnot Na salt battery) 40% X ü* X X 

Synthetic natural gas (SNG, methane) 39% X ü ü ü 

Power to liquid (Methanol) 25-39% X ü ü ü* 

Pumped hydro storage (PSH) 70-87% X ü ü ü 

Hydrogen production for fuel cell 32-47% ü ü ü* X 

*Not yet viable but theoretically possible 
 
A modulating aluminium smelter (equipped with enabling technology for long-term 
modulation – discussed next) has significant advantages as a DSR supplier as it has a round 
trip efficiency of 100%, and can participate in the provision of the full-range of grid services, 
from fast frequency response to long-term indefinite DSR (Table 3). 
 
When it comes to durations greater than 3 weeks, only pump hydro storage (PHS) can 
currently supply these services alongside an aluminium smelter providing DSR. PHS may also 
be limited in its capacity to recharge during times of seasonal shortages in excess VRE. 
 
The IEA China Power Systems Transformation report [20] goes on to recommend that China’s 
primary aluminium smelters modulate energy consumption to provide the grid with DSR: “the 
load-smoothing capacity that modulating aluminium smelters provide is not only from hour 
to hour and day to day, but from season to season as well. This can mitigate supply disruption 
caused through the variability of generation.” Furthermore, the IEA states that “specific 
government interventions may be necessary to enrol particular larger-scale load resources 
(e.g. aluminium smelters), including the design of financial incentives for retrofits and/or 
participation requirements.” 
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5 Smelters providing DSR Services  

5.1. Smelter modulation  
 
As demonstrated by earlier Portland and Tomago examples, smelters in Australia already 
have contractual arrangements to provide load shedding services to the grid (at 100% load 
reduction per potline) during emergency or critical load periods. However, these smelters 
currently do not provide the range of flexible energy responses and DSR services that would 
be required in the future grid.  
 
As a sign of things to come, TRIMET’s aluminium smelters in Germany and France have now 
embraced their role as a ‘virtual battery’ to the European grid. TRIMET St Jean de Maurienne 
(SJM) smelter in France – with a base load of 250 MW – is one example [26], providing a suite 
of DSR services to the French grid operator RTE, including continuous frequency response, 
and downwards modulation or load shedding at various levels (e.g. 10% to 100% reduction) 
and response times (ranging from <5 seconds up to 24 hours). Note that these are all provided 
without significant additional technologies on smelting cells. Limits are applied on the 
frequency, duration and type of DRS services applied to manage the risk of major impacts to 
the process. While this clearly comes with significant operational challenges [27], the smelter 
benefits by reducing overall energy costs by ~A$9-13 per MWh (€6-8 per MWh).  
 
With additional enabling technology now being installed across one entire potline [26, 28], 
TRIMET’s Essen smelter in Germany is planning even greater expansions to its DRS services to 
the grid, targeting power modulation window of ± 25% below and above baseline load (290 
MW), for up to 48 hours duration. During downwards modulation, this provides a DRS 
resource of 70 MW with a capacity of 3,360 MWh. This capacity is an order of magnitude 
greater than the HPR ‘large-scale’ battery discussed earlier.  
 
The EnPot modulating technology [28-30] installed at TRIMET Essen maintains the critical heat 
balance in the pots when energy use is varied, allowing modulation to be on a permanent or 
semi-permanent basis, without detrimental effect on the process. The quantity of aluminium 
produced corresponds with the amount of energy consumed, and therefore varies 
accordingly without loss of energy efficiency. 

5.2. Business case for modulating aluminium smelters in Australia 
 
To illustrate the business case of Australian smelters providing DSR services to the NEM, here 
we present four scenarios with varying levels of DSR provision and various levels of 
investment by either the smelter and/or the power system. The scenarios all assume that 
smelters are equipped with an enabling technology for modulation – here EnPot technology 
is assumed, described previously.   
 
In Australia, primary aluminium production in 2018 was just under 1.6 million t Al, consuming 
22.9 million MWh at an estimated electricity cost of A$798 per t Al. For illustrative purposes 
only, we have estimated an energy cost paid at A$55 per MWh. The actual power contract 
price paid only affects the time it takes to recoup investment (ROI) in the model. If a particular 
smelter paid less, then the ROI on any business case would be slightly longer, and vice versa. 
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Running a number of simulations at different prices between A$50-$60 resulted in an ROI 
spread of less than one month.  
 
The use of EnPot modulation technology creates a maximum potential energy use modulation 
window of ± 30% (capacity to increase/decrease load vs. baseline), however for process 
reasons smelters might require smaller ‘steps’ down to the maximum over a period of days. 
Hence the model uses 20% as an amount immediately available for peak net load reduction. 
As a comparison, TRIMET Essen in Germany has a modulation target of 25% for 48 hours [26, 
29]. 

 

Business Case 1 (downwards flexibility) 
 
The business case for a smelter modulating downwards is based on reducing energy demand 
when there is peak net load on the power system, making that power available for other users 
when spot prices are high, at an arbitrage profit per MWh released. The model shows that if 
smelters reduce energy demand by 20% for 15% of the time, they could make an arbitrage of 
over A$62.5 million per annum or A$1,320 for every tonne of lost Al production. At an 
estimated cost of A$50 million per smelter to retro-fit modulation technology, the return ROI 
would be 2.06 years. 
 
Explaining the model: 

• All smelters should be able to modulate downwards by retrofitting EnPot technology 
and without additional infrastructure upgrades. 

• Modulation down in energy use has a corresponding reduction in production. 
• Time duration for modulation downwards is estimated at 15% for the purposes of this 

model (3.6 hours/day on average). As noted previously, the HPR battery was used for 
an average of 32% of the time (7 hours per day, average).  

• An arbitrage rate of $91/MWh has been duplicated from the HPR battery example. It 
could be argued that smelters have the potential to make an average arbitrage rate in 
excess of A$91 given the potentially greater buy/sell differential.  

• The model does not take into account the cost savings of the smelter not being 
exposed to peak spot power prices (as much as $14,000/MWh), should that occur. 

• The EnPot technology has been proven to have a positive effect on process efficiency 
by allowing better ACD optimization, through the achievement of better heat balance 
of individual pots. TRIMET Essen achieved a 7.8% gain in energy efficiency [29]. Here 
we have used a more conservative figure of 2.5%.    
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Business Case 2 (combined +/- modulation) 

The business case for upwards and downwards (±) modulation shows smelters can make 
more metal at lower average energy cost. The business case for modulating upwards includes 
downwards modulation by default as the enabling technology allows for both. However, 
delivering additional amperage to the pots may require smelter infrastructure upgrades. An 
estimated cost of an additional A$100 million per smelter has therefore been built into the 
cost structure of upwards modulation. 

The business case includes increased energy consumption of 30% for 18% of the time at A$0 
per MWh (when there is a large net excess in grid generation), producing an additional 
85,000mt of Al production, but saving A$68 million when compared to paying A$55 for every 
additional MWh consumed. The combined ROI of both upwards and downwards modulation 
is 3.77 years and is the equivalent to a reduction in costs of A$81 per MWh, or a 9.3% 
reduction in the cost of electricity.  

Explaining the model: 
• Most smelters are designed for a maximum amperage and going beyond this would 

require additional investment. The investment required would be smelter dependant 
and have been estimated here for the purposes of this model. This might include 
upgrades to rectifiers, transmission lines, busbars, magnetic compensation, etc. 

• The 18% time period duration has been estimated from aggregated projections from 
various sources. 

• Production savings from upwards modulation have been calculated at a base cost of 
A$55 per MWh down to A$0. However, given that pricing is often negative (as low as 
negative A$1000/MWh), the cost savings could even be greater than indicated here.  
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Business Case 3 (peak net load reduction) 
 
DSR contribution to peak net load reduction would have a significant benefit to the NEM 
power system – an estimated value of A$732 million if all four operating smelters in Australia 
were to provide DSR services. If smelters were 100% funded by the power system to provide 
this benefit, this would give the power system a ROI return of 0.27 years. This is in addition 
to any arbitrage benefits or power cost savings to the smelter as set out in business cases 1 
and 2. 
 
Explaining the model: 

• The avoided cost of generation (ACOG) and avoided cost of transmission (ACOT) 
provided by DSR is estimated at A$1.4 million per MWh for the purposes of this model. 
Note this figure is expected to reduce over time as the cost of new VRE declines.    

 

Business case 4 (combined investment scenario) 

Given there are benefits to both the smelter and the power system with DSR, a combined 
smelter and power system investment approach could deliver a win-win situation with a 
combined investment of A$600 million delivering a combined benefit of A$891 million and a 
combined ROI of 0.67 years.  

 
 

6 Conclusions 
 
Power systems transformation is underway both globally and in Australia, the speed of which 
is unprecedented. Operationally, fossil fuel power plants are becoming expensive options 
when compared to low cost variable renewable energy (VRE), stalling investment in new 
replacement coal-fired power stations, and as Australia’s coal-fired power station fleet nears 
the age of retirement, it is becoming less reliable.  
 
VRE brings a different set of challenges for both electricity consumers and power systems 
with its variable generation profile, challenging both the cost-competitiveness and viability of 
primary aluminium smelting in Australia. Not only is there an increasing likelihood of 
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interruptions to smelting potline operations, but also the economics of low-cost baseload 
power contracts is being eroded and replaced with the increasing value of energy-use 
flexibility. 
 
Many smelters are currently active in the frequency response market. However, the nature 
of the aluminium smelting process has until very recently precluded it from being active in 
significant DSR without exposing potlines to process risk. The EnPot modulation technology, 
now active in the TRIMET Essen smelter in Germany, not only mitigates this risk, but also 
opens up opportunities for smelters to better integrate with the power system, with 
potentially significant financial benefits.  
   
The business cases set out in this paper indicate that aluminium smelters in Australia can 
provide important DSR services to the power system that would not only reduce electricity 
costs to the smelter, but also reduce the overall operational costs of the power system. 
Furthermore, the potential for smelters to provide an indefinite duration of DSR is of 
irreplaceable value when faced with seasonal electricity supply shortages.   
 
Aluminium smelting in Australia is at a crossroads. Continuation of the current trajectory will 
inevitably mean an increasingly difficult battle for viability and existence. Another option 
emerging is for smelters to take on a paradigm shift, modernise and become flexible in energy 
consumption, reducing overall electricity costs to both the smelter and the power system.  
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