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Abstract 

A profitability study was carried out for an implementation of portable elemental analyzers 

coupled with an artificial-intelligence-based cloud platform from DTE at a primary aluminium 

smelter potroom. The elemental analyzers use liquid-phase laser-induced breakdown 

spectroscopy (LP-LIBS) to analyse chemical composition of molten metal.  DTE’s solution, Ireas, 

combines the connected analyzers and cloud platform. DTE’s new technology replaces current 

manual methods for aluminium sampling from electrolysis pots with real-time analysis of liquid 

aluminium. Ireas then transforms the real-time chemical analysis results into intelligence, 

predictive insights and actionable information leading to profitability improvements in the 

electrolysis potroom. Selected benefits generated by DTE’s solution were reviewed, the benefits 

include reduction of manual mistakes, increased operator safety, improved response time and 

increased process automation. The benefits are based on research conducted by DTE as well as 

the experience of smelters and people in the aluminium industry. Ireas can contribute to between 

1.5 % and 4 % increase in profitability in primary aluminium smelter potrooms, while also 

affecting the whole value chain in the form of operational efficiency, safety, and sustainability. 

Each smelter is unique, and their possible benefits with the solution need to be evaluated 

separately. DTE’s profitability analysis tool, presented in this paper, can be used by smelters to 

calculate their possible profitability increase by implementing Ireas. A case study indicated a 

possible profitability increase in the electrolysis potroom by $ 14.97 per ton or around $ 1.5 

million in profitability increase per year, with 93 % of the profitability increase being due to 

reduced operational cost. 
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1. Introduction

DTE has developed elemental analyzers for analyzing chemical composition of liquid aluminium 

in real-time and in situ by using technology based on Liquid-Phase Laser-Induced Breakdown 

Spectroscopy (LP-LIBS), including proprietary and patent-pending technology established by 

DTE. Conversely, current practices in aluminium sampling usually require an operator to take an 

aluminium sample manually, cast it into a mold, wait until it solidifies and then take it to a 

laboratory where the chemical composition of the aluminium is analyzed, most commonly by 

using spark optical emission spectroscopy (spark-OES) [1]. This process can be time consuming 

and associated with risk of errors such as sample mix up, contamination of molds and incorrect 

preparation of sample before it is analyzed. By analyzing liquid aluminium samples in real-time 

the risk of error is minimized and the results are obtained immediately. The elemental analyzer 

has proven to offer accurate results for concentration analysis of trace elements in liquid 

aluminium in the challenging smelter environment correlating well with spark-OES laboratory 

analysis [2]. In some cases, directly analyzing the liquid aluminum can be more accurate than the 

spark-OES analysis because of changes that can occur in the aluminium sample when it is cast. 
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The accuracy of the portable elemental analyzer for key elements is discussed elsewhere in these 

proceedings [3]. 

 

DTE’s solution, named Ireas, combines real-time intelligence from liquid aluminium with an 

artificial intelligence-based cloud platform. Where in real-time refers to that information is 

available as soon as it happens, every time for everyone that needs it, and everywhere it is needed. 

Ireas turns chemical analysis results into intelligence, actionable data and predictive insight, that 

can support current processes at smelters and contribute to maximizing value, sustainability, 

safety and efficiency. Which is a driving force towards Industry 4.0, by integrating information 

technology with current manufacturing practices [4]. DTE has tested its solution at a few primary 

aluminium smelters, including a battery-powered portable elemental analyzers specially designed 

for aluminium sampling from pots [5]. Various possible benefits generated by Ireas have been 

identified in the electrolysis potroom. The benefits include reduced sampling time, improved 

response time, increased sampling frequency with higher data reliability, longer lifetime of pots 

and improved anode usage, to name a few. DTE’s portable elemental analyzer located on a small 

electric vehicle is displayed in Figure 1. The analysis device is located in the back of the vehicle 

along with a tray of ladles used for extracting samples from pots and a small crucible where the 

liquid aluminum sample is placed for elemental analysis. The analyzer can also be mounted on a 

self-driving vehicle or a manually operated pushcart. 

 

 
Figure 1. DTE’s portable elemental analyzer.  

 

Laser induced breakdown spectroscopy (LIBS) technology is a type of atomic emission 

spectroscopy where a powerful laser is directed to the surface of the sample which is being 

analyzed [6]. LIBS can detect a wide range of elements present in a sample, down to ppm 

concentrations. The high energy laser shot only lasts for a few nanoseconds and forms a plasma 

on the surface. During this state, atoms of each element radiate a unique spectrum of emission 

lines. A spectrally dispersive sensor detects the plasma radiation including the emission lines of 

each element. Subsequently, the intensity of particular lines is used to quantify the respective 

elements. In general, LIBS technology can be used to analyze the chemical composition of various 

materials, regardless of whether they are solid, liquid or gas, and works for both conducting 

material and non-conducting. DTE’s elemental analyzers are specially designed and adapted to 

analyze aluminium in the liquid phase with LIBS. The analyzers offer chemical analysis results 

within seconds from the time of sampling, enabling the analyzers to provide details about trace 

elements in liquid aluminium in real-time.  

 

2. Benefits in the Electrolysis Potroom with Ireas 

 

There are various benefits of implementing DTE’s solution in the potroom and they are the result 

of possible process improvements driven by Ireas. Ireas provides actionable data enabling faster, 
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profitability number. These numbers are specific for this particular smelter and each case needs 

to be evaluated separately. 

 

5. Conclusions 

 

Potential benefits and profitability of deploying DTE’s solution, in a primary aluminium smelter 

potroom has been presented. Some of the benefits that DTE’s solution offers are faster chemical 

analysis results, increased operator safety, reduced energy consumption and reduced number of 

pot tapouts. The benefits presented are then accompanied by increased profitability, but the 

potential profitability increase needs to be evaluated for every aluminium smelter since each 

smelter is unique and has different processes as well as different technological and local business 

situations. DTE’s online profitability analysis tool is a solution that offers users to obtain 

customized results on possible profitability increase with DTE’s technology. The tool requests a 

few inputs from the user which are key figures from a potroom operation to calculate the possible 

profitability increase. A potential profitability increase of $ 14.97 per ton or $ 1.5 million per year 

was determined for an aluminium smelter potroom in Iceland, with 93 % of the profitability 

increase due to reduced operational cost. DTE’s solution opens the door to uncover opportunities 

to optimize aluminium production, break down operational silos, maximize benefits and value. 
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