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Can breaking the constraints of the current cell designs and opening up the operating energy-use 
window, create new opportunities for aluminium smelters? By Dr. Linda Wright* 

*PhD, BSc (Hons) 1st Class, Director, OneWorld Renewable Energy Consultants Ltd.

“The current problem with aluminium 
smelting” says Dr. Mark Dorreen, Director 
of the Light Metals Research Centre at The 
University of Auckland, in New Zealand, “is 
that we have been completely accepting 
of the fact that the existing primary 
aluminium production process doesn’t 
allow the energy input of a smelter to be 
varied by much more than plus or minus 
five percent.

“Not only does this create a number of 
significant problems for the aluminium 
industry”, he says, “but it also makes us 
oblivious to the opportunities that exist for 
smelters when the energy-use window is 
opened.”

Dr. Dorreen’s work on the EnPot shell 
heat exchanger technology for New 
Zealand company Energia Potior Ltd has 
led him to the conclusion that being 
able to open up the energy-use window, 
to plus or minus 30%, presents new 
opportunities that haven’t existed or even 
been contemplated before now.

“The maximum-production 
straightjacket we have been in for the 
last 125 years effectively means that 
aluminium smelters are huge dead-end 
users of power. That is, an enormous 

quantity of power goes into a smelter at a 
constant rate, and aluminium comes out, 
with almost no tolerance for variation. 

“We have found that modulating 
energy use up and down fundamentally 
changes the way smelters consume 
energy. Not only is this a cheaper way to 
make aluminium, but it can also free up 
power for other users.”

Dr. Dorreen says that this presents 
new opportunities for smelter operators. 
“Smelters are able to turn up production 
at times of oversupply in power generation 
when prices are very low, and then turn 
down production when demand on the 
grid is high.

“Smelters with their own dedicated 
hydro or geothermal electricity generation 
may even contemplate entering the 
energy supply market and sell power into 
the grid at times of peak pricing. There 
is also opportunity for smelters to supply 
electricity to subsidiary industries when 
the smelter is modulating down,” he says.

Accommodating intermittency

in a renewables grid

Dr. Dorreen says that as nations seek to 
generate a higher percentage of their 

electricity from renewable sources, it 
will become increasingly more difficult 
for smelters to live with the resulting 
intermittency of power supply.

“Being able to modulate energy use 
will mean that smelters are no longer 
just dead-end users of electricity and 
fundamentally changes how smelters will 
be able to negotiate their power contracts 
in the future. It allows for unprecedented 
public-private partnerships and co-
operation between power suppliers and 
smelters.

As an example of what is possible, Dr. 
Dorreen points to what TRIMET Aluminium 
SE are seeking to achieve in Germany 
with the use of EnPot heat exchanger 
technology in their smelters.

The EnPot system was installed in a 
partitioned section of TRIMET Aluminium 
SE’s smelter in Essen, Germany in June 
2014. 

Dr. Martin Iffert, CEO of TRIMET 
Aluminium SE, believes that the EnPot 
technology could be used like a virtual 
battery to buffer demand against supply in 
Germany, as the country seeks to increase 
its use of renewable power generation 
under the Energiewende programme.

Opening the window of opportunity

EnPot can be retro-fitted to 90% of the world’s aluminium smelters. While all smelters would be able to reduce energy consumption when fitted with EnPot technology (go down in Al 
production), some smelters would require additional infrastructure upgrades before they could increase energy consumption (go up in Al production).
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“TRIMET’s trials of the EnPot technology 
indicate that by being able to dynamically 
increase or decrease our energy use 
by 25%, TRIMET could in fact become 
the energy bridge buffering supply and 
demand in Germany. 

“This would effectively enable TRIMET 
to become a significant part of Germany’s 
energy storage capacity,” Dr. Iffert says.

“To further investigate this potential, 
one full potline of 120 cells is planned to 
be equipped with EnPot technology.”

Geoff Matthews, Vice President of 
Energia Potior Ltd says a medium sized 
aluminium smelter could free up 150 
MW when modulating, which is enough 
electricity to power over 230,000 western 
households during peak demand or at 
times of low generation.

“The capital cost of constructing 
this amount of new power generation 
(150MW) from renewable energy would 
be closer to US$1 billion, depending on 
the technology used,” Geoff Matthews 
says.

“This makes the EnPot technology a 
very attractive proposition for any country 
facing the considerable costs associated 
with increasing renewable power 
generation.”

Geoff Matthews says that smelters that 
are able to modulate energy use and 
integrate with the grid, also have the 
opportunity to enter into new contractual 
arrangements for electricity that offer 
substantial economic benefits for the 
smelter. 

“The most obvious example is for a 
smelter to move to a demand-and-call 
electricity supply arrangement where it 
would take the maximum power it could 
from its supplier at the lowest possible 
price. Then at times of low generation 
the electricity supplier would call-back 
the power from the smelter and pay a 
significant premium to do so.”

Geoff Matthews says this would be a 

win-win situation for both the smelter and 
the power supplier, as well as resulting in 
a more stable and resilient grid. 

“The supplier avoids the significant 
capital cost of developing new back-up 
generation by being able to call back 
power at times of low generation, and 
is able to offset the cost of the premium 
with peak pricing to the consumer.” 

 “The smelter on the other hand, may 
negotiate significantly reduced rates for 
the demand-and-call supply, as well as 
being compensated for lost production 
when called upon to free up power.”

Matthews says this sort of arrangement 
was simply not possible before now.

The ability to increase production above 
normal capacity at the turn of a dial 
will enable smelters to take advantage 
of significantly lower, or even negative 
pricing in the grid at times of over-supply. 
This will be particularly appealing as new 
sources of solar and wind generation 
continue to come online. 

In addition to real-time short duration 
modulation, EnPot heat exchangers also 
allow for permanent or semi-permanent 
variations in energy consumption. For 
example, a smelter could go down for 
several months at a time to accommodate 
grid shortages from drought conditions or 
peak demand periods caused by sub zero 
temperatures and reduced daylight hours. 

Energia Potior has been asked to 
quantify how EnPot could be used to help 
mitigate an unstable grid situation where 
a smelter is having power outages several 
times a week during peak demand times.

Geoff Matthews says EnPot would 
allow the smelter to turn down electricity 
consumption by 30% during peak 
demand times for five hours a day, thus 
helping to avoid frequent power outages. 
The additional bonus being that it would 
enable the smelter to increase energy use 
and production during the 10 hours of 
low demand each day.

“This would allow the smelter to 
increase annual production and reduce 
the average unit cost at the same time, 
which is a significantly better outcome 
than shutting down a potline or having to 
deal with continued outages on a weekly 
basis.

“The return on investment in such 
circumstances can be measured in terms 
of months rather than years.”

Matthews says he has no doubt that 
EnPot technology will enable new dialogue 
to occur between public and private 
sectors, and that aluminium smelter 
owners and operators will build new 
relationships with electricity generators 
and transmission utilities.  

“What TRIMET are seeking to achieve 
with power modulation is to future-proof 
their business so they can operate in a 
renewables grid, and become part of the 
solution to the problem of intermittency 
to the benefit of all energy consumers in 
Germany.

“It enables a very different dialogue 
to occur between power suppliers and 
smelters than what was possible in the 
past.” he says.

Dr. Mark Dorreen also points out 
that being able to increase or decrease 
production for longer periods means 
smelters are better able to match supply 
and demand of aluminium production. 
“Currently the entire aluminium smelting 
industry is geared towards maximum 
production, no matter the market 
conditions.

When there is an oversupply, this 
leads to stockpiling, which keeps prices 
depressed long after the oversupply has 
ended.

“To wind back production currently, it 
would mean shutting down sections of 
potlines or even an entire potline, which is 
time consuming and costly.

EnPot allows production to be 
substantially increased or decreased 
with the turn of a dial to match market 
conditions, provided smelters can 
reorganise other parts of their business to 
cope with changes in production. 

“The ability to increase production by 
using EnPot when times are good and 
aluminium prices are high, will also be 
much more cost effective than building 
new smelting capacity to accommodate 
increased consumer demand, which 
is predicted to rise over the next two 
decades.

“This gives existing smelters a strategic 
advantage. For example, a company 
with a number of smelters in its portfolio 
could bring on stream the equivalent 
production of an entire new smelter for a 
fraction of the cost, by retro fitting EnPot 
to its existing smelters and increasing their 
output capacity,” Dr. Dorreen says.

CURRENT MODEL

Aluminium smelters are 
dead-end users, requiring 
large amounts of electricity 
continuously.

GRID-INTEGRATED MODEL
Aluminium smelters can 
modulate +/- 30%, which 
can free up power for the 
grid at times of low gener-
ation or peak demand.

POWER-SHARING MODEL
Aluminium smelters 
can modulate +/-30%, 
which can free up 
power for secondary 
batch-processing smelters 
or other complimentary 
industries, if energy use is 
synchronised.
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Modulation of energy 
consumption presents 
new opportunities for 
aluminium smelters.
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How EnPot works 

The EnPot system provides dynamic 
control of the pot heat balance by placing 
up to 60 intricate heat exchangers against 
the outside of each pot and connecting 
them to an external ducting system. The 
airflow to each exchanger can be varied 
by using a series of precisely controlled 
extractor fans allowing the exchangers 
to either cool the pot, or keep it warm, 
depending on what is needed.

Dr. Pretesh Patel, Chief Engineer at 
Energia Potior, says the EnPot system is 
cost effective at around US$20 million 
installed for a medium sized smelter. 

“The EnPot system does not change the 
intrinsic nature of the process, is totally 
non-invasive and carries no integrity risk 
to the smelter. It is also retro-fitted while 
the pots are fully operational,” he says. 

Dr. Patel, who has been intimately 
involved in the design and development of 
EnPot, says that the heat exchangers have 
been specifically designed to include the 
maximum amount of insulation possible, 
so that in the situation of a serious power 
failure the pots will be insulated, which 
doubles the time before pots begin to 
freeze.  

Dr. Patel says that modulating also 
brings a number of process efficiencies. 

 “The power savings that EnPot has 
achieved even in normal operating mode 
was 1.8%, which increased to 7% when 
modulating.

“At today’s current metal price, these 
savings would be around US$3.6m 
per annum for a medium sized smelter 
(300,000mt) using EnPot in normal 
operating mode,” Dr patel says. 

Dr. Patel also says that modulation 
opens up an opportunity to distribute 
excess power to complimentary industries 

located in close proximity to an aluminium 
smelter.

“For example, Energia Potior has been 
asked to model the operating parameters 
of locating a silicon metal smelter 
alongside an existing aluminium smelter.

“The silicon smelter would be interfaced 
with the aluminium smelter using a batch 
processing method to take advantage 
of the power supply liberated when the 
aluminium smelter is modulated down. 
Smelting two metals from a single power 
source would certainly have significant 
cost benefits, as well as adding to a 
smelter’s sustainability credentials. 

“This sort of power sharing model could 
be used for other complimentary industries 
where energy consumption could be 
synchronised with the modulating 
smelter.” Dr. Patel says. 

A sustainable future

Energia Potior supports the progress 
being made to achieve sustainability in the 
aluminium industry. It is a General Member 
of the Aluminium Stewardship Initiative 
(ASI) and will be contributing to the ASI 
Greenhouse Gas (GHG) Working Group, 
which will convene at the Aluminium 
2016 World Trade Fair & Conference in 
Germany this November.

COP21 made significant progress in 
adopting international goals for reducing 
global greenhouse gas emissions. The ASI 
Performance Standards, which explicitly 
recognises the UN Framework Convention 
on Climate Change, requires entities 
seeking ASI Certification to commit to 
reducing both their GHG and energy use 
by source on an annual basis, publish 
time-bound emissions reduction targets, 
and implement a plan to achieve the 
targets.

As approximately 80% of all GHG 
emissions in the aluminium industry 
worldwide relate to the energy-intensive 
smelting process, the ASI Performance 
Standard includes two smelter-specific 
criteria for both existing and post 2020 
commissioned smelters. 

Even those smelters with dedicated 
hydro or geothermal power generation 
will need to consider their impact on GHG 
emissions if their exclusive use of hydro or 
geothermal power results in other users 
of the national grid relying on electricity 
generated from fossil fuels.

These requirements represent a shift 
towards a lowered emissions profile for 
the primary aluminium production sector 
that is both significant and long-term. 

A new way of thinking

As with any new technology that has the 
potential to transform markets, it often 
requires new ways of thinking to take 
advantage of the new opportunities.

While only incremental technological 
gains have been made in the aluminium 
smelting industry for over a century, it is 
evident that we are now entering an era 
where change will be a prerequisite to 
success. With the unprecedented global 
focus on reducing energy consumption 
and GHG emissions and increasing 
renewable energy capacity, it no longer 
seems an option, or appropriate, for the 
aluminium smelting industry to continue 
the status quo of producing aluminium 
in the confines of a maximum-production 
straightjacket.

Any new technology that enables 
primary aluminium production to evolve 
from a dead-end energy user, to a more 
sustainable and profitable industry long-
term should be welcomed.  It seems that 
smelters that can adapt and utilise the 
new flexibility that EnPot provides, will 
equip themselves best for survival and 
improved profitability going forward.

In an industry where just 200 businesses 
consume the equivalent power as 1.2 
billion people do domestically, it is 
inevitable that aluminium smelting will be 
subject to increased international scrutiny 
going forward.  

Breaking the constraints of the current 
cell designs and opening up the operating 
energy-use window will undoubtedly 
create new and exciting technological and 
contractual opportunities for aluminium 
smelters to embrace.  

In terms of gross economic efficiency and 
improved environmental performance, 
EnPot technology is likely to be the most 
significant breakthrough in aluminium 
smelting for the last 125 years.�

Visit www.energiapotior.com

for more information

Results from the 
Essen installation 

show that EnPot provided 
significant improvement to 

both current efficiency and energy 
consumption, due to stabilised ledge 
and heat transfer dynamics.


