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Abstract  

 
In this thesis a feasibility study is carried out for an implementation of elemental analyzers 
and predictive analytics cloud platform from the innovation company DT Equipment 
(DTE), at Rio Tinto Iceland’s (ISAL’s) potroom to replace current manual sampling 
process. The purpose of the thesis is to analyse what the implementation of DTE’s 
technology at ISAL would entail. 
 
The methods used in the thesis are based on review on literature related to feasibility 
studies. Current processes related to aluminum sampling from pots at ISAL’s potroom 
were analysed and redesigned based on the introduction of DTE’s new technology. A 
financial model was also constructed and used to assess whether ISAL’s investment in the 
technology would be profitable. A risk assessment was subsequently performed to analyse 
the financial risk associated with the project’s outcome.  
 
Mapping up, analysing and redesigning ISAL’s processes demonstrated that 
implementation of DTE’s technology would result in simplified and more streamlined 
processes related to aluminum sampling from pots. Other benefits are reduction of manual 
mistakes, improved response time and a positive effect on production control. The results 
from the financial model indicate that the investment project would be profitable for ISAL. 
The outcome of the risk assessment demonstrated that the financial risk of the project is 
low. 
 
The results show that with DTE’s technology ISAL could improve processes, reduce cost, 
increase revenue and employee safety. However, there is risk associated with the project 
since the equipment has not been implemented fully at a smelter potroom before and the 
analytics cloud platform is still in development. The thesis sheds a light on ISAL potential 
with DTE’s technology and can support their decision to invest in the equipment. This 
study is also beneficial for DTE to evaluate their possibilities with the equipment and 
cloud platform at other potential customers.  
 
Keywords: Feasibility study, business process management, financial assessment, risk 
analysis, aluminum. 
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Hagkvæmnigreining á innleiðingu rauntímaefnagreiningar 
í kerskála álvers 

Berglind Höskuldsdóttir 

júní 2021 

 
Útdráttur 

 
Í þessari ritgerð er framkvæmd hagkvæmnigreining fyrir innleiðingu á greiningartækjum 
og greiningarforriti frá nýsköpunarfyrirtækinu DT Equipment (DTE), í kerskála Rio Tinto 
á Íslandi (ISAL) í staðinn fyrir handvirk álsýnatökuferli. Tilgangur ritgerðarinnar er að 
greina hvað innleiðing á tækni DTE fæli í sér. 
 
Aðferðafræði sem notast er við í ritgerðinni byggist á rýni á heimildum fyrir 
hagkvæmnigreiningar. Núverandi ferli sem tengjast álsýnatöku úr kerjum í kerskála ISAL 
voru greind og endurhönnuð þannig að tækni DTE nýtist á sem áhrifaríkastan hátt. Einnig 
var arðsemislíkan notað til þess að meta hvort að fjárfesting ISAL í tækninni væri arðbær. 
Áhættugreining var í kjölfarið framkvæmd til þess að greina fjárhagslega áhættu sem 
fylgir niðurstöðu verkefnisins.  
 
Skráning, greining og endurhönnun á ferlum ISAL sýndi fram á að innleiðing á tækni 
DTE mundi leiða af sér einföldun og meiri straumlínulögun á ferlum sem tengjast 
álsýntöku úr kerjum. Önnur jákvæð áhrif eru fækkun á mannlegum mistökum, bættur 
viðbragðstími og jákvæður stuðningur við framleiðslustýringu. Niðurstöður úr 
arðsemislíkaninu gefa til kynna að fjárfestingarverkefnið væri arðbært fyrir ISAL. 
Útkoman úr áhættugreiningunni sýnir að lítil fjárhagsleg áhætta fylgir verkefninu.   
 
Niðurstöðurnar sýna að með tækni DTE getur ISAL bætt ferli, minnkað kostnað, aukið 
tekjur og öryggi starfsmanna. Þrátt fyrir það er ákveðin áhætta sem fylgir verkefninu þar 
sem að búnaðurinn hefur ekki verið innleiddur að fullu í kerskála álvers áður og er 
greiningarforritið enn þá í þróun. Þessi ritgerð varpar ljósi á tækifæri ISAL með tækni 
DTE og getur stutt við ákvörðun þeirra hvort fjárfesta skuli í búnaðinum eða ekki. 
Sömuleiðis er þessi rannsókn gagnleg fyrir DTE til þess að greina þeirra möguleika með 
búnaðinum og greiningarforritinu hjá öðrum mögulegum viðskiptavinum. 
 
Lykilorð: Hagkvæmnigreining, stjórnun viðskiptaferla, arðsemismat, áhættugreining, ál. 
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Chapter 1 

1Introduction 

It is hard to imagine life without aluminum today. Most people use aluminum products daily 
since aluminum can be found in food and beverage packaging, phones, laptops, cars and 
airplanes. Aluminum has unique characteristics, it is lightweight, non-corrosive, high strength, 
great conductor and can be recycled infinitely often (Primary Production, n.d.). It is foreseen 
that aluminum demand will increase in the coming years since it is the second most important 
metal in the world today (Sverdrup, Ragnarsdóttir, & Koca, 2015). Primary aluminum is 
produced by electrolysis process in large smelters all around the world (Production, n.d.). The 
production process is very energy intensive, and electricity is a significant part of smelters 
production cost.  
 
The aluminum industry can be tough as there are great fluctuations in aluminum prices 
(Sverdrup, Ragnarsdóttir, & Koca, 2015). Smelters are therefore under pressure to decrease 
production cost and increase quality of the product. This energy intensive industry makes 
Iceland a suitable location for aluminum smelters, since Iceland has electricity made from 
hydropower. The Icelandic innovation company DT Equipment, or DTE, saw a possibility to 
replace current manual and time-consuming methods for process and quality control with real-
time, inline analysis of liquid aluminum. DTE developed elemental analyzers that are able to 
analyse chemical composition of liquid aluminum in real-time, as well as predictive analytics 
cloud platform for production and quality control. DTE has tested its technology at Rio Tinto 
Iceland, generally known as ISAL. ISAL was the first aluminum smelter to open in Iceland 
and started production in 1969 in Hafnarfjordur (RioTinto, n.d.).  
 
The goal of this project is to analyse the feasibility of implementing elemental analyzers and 
predictive analytics cloud platform from DTE at ISAL’s potroom. The aim is to analyse 
current processes at ISAL and redesign them in such way that automatic real-time chemical 
analysis and analytics cloud platform is utilized as best as possible in production and quality 
management. Further is the aim to construct a financial model and to conduct a risk 
assessment to estimate the financial feasibility of implementing DTE’s technology at ISAL’s 
potroom.  
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1.1 Thesis structure  

The thesis structure is the following. Chapter 2 contains a short description of the aluminum 
industry and aluminum production along with an introduction of ISAL and DTE. Chapter 3 
contains a literature review on the methodology used in the project. Data collection for the 
project is described in chapter 4. Current processes at ISAL’s potroom are documented and 
analysed in chapter 5 and assumptions for the financial model listed. Results for ISAL’s 
redesigned processes, financial model and risk assessment are in chapter 6. At last, chapter 7 
contains conclusion of the project. 
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Chapter 2 

2Background 

This chapter includes a short description of the aluminum industry, the main manufacturing 
process in aluminum smelters and the electrolysis reduction process. The chapter also includes 
an introduction of ISAL and DTE. 

2.1 Aluminum Industry 

The demand for aluminum has increased greatly over the past decade with over 65 million 
metric tons of primary aluminum produced in 2020, compared to 42 million metric tons in 
2010 or 54% production increase (Primary Aluminum Production, 2021). 57% of the total 
production was in China compared to 11% in Europe. This increase in demand is related to the 
characteristics of the metal, it is light, strong, durable, ductile and does not rust (Primary 
Production, n.d.). Aluminum production is twofold, primary and secondary. Primary 
production is when new aluminum is produced from alumina according to the Hall – Héroult 
electrolysis process. Secondary production is when existing aluminum, recovered from waste 
or discarded items is recycled and remelted. During recycling aluminum does not lose any of 
its properties and can be recycled repeatedly (Schlesinger, 2014). The International Aluminum 
Institute estimates that about 34% of the global aluminum production in 2020 came from 
secondary production (Global Aluminium Cycle 2020, 2020). 

 

2.2 Aluminum Production 

Primary aluminum production starts with the Bayers process. In the Bayers process, bauxite, 
a sedimentary rock, is mined and refined to alumina (Al2O3) (Production, n.d.). The alumina 
is then transported to smelters and stored in special alumina tanks. A dense phase conveying 
system is used to transport the alumina from the tanks to the potroom where the aluminum is 
produced by electrolysis. Special trucks or cranes are then used to tap pure aluminum from the 
pots and transport it to a casthouse. In a casthouse, aluminum is transformed to solid form. 
Common aluminum products are rods, wires and slabs. The products are then sold to customers 
for further processing. An overview of the main process in an aluminum smelter producing 
rods is described on figure 1.  
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Figure 1: Aluminum smelter production process (Production, n.d.) 

2.2.1 Aluminum smelter potroom  

In an aluminum smelter potroom alumina is transformed to pure aluminum by the Hall-Héroult 
electrolysis process that was invented in 1886 (Reduction, 2018). A typical potroom contains 
abundance of electrolysis steel pots connected in series. Each pot is a metal frame lined with 
carbon. The pot bath contains alumina solved in cryolite (Na3AlF6) maintained at a temperature 
around 900°C. On top of the bath are carbon anodes, current at 400 kA or above is passed 
through the anodes via the bath to carbon cathodes. The high current breaks oxygen atoms 
from the alumina that combine with carbon atoms from the anode and form carbon dioxide 
(CO2) along with pure aluminum (Al) that is left at the bottom. The electrolytic reaction is 
expressed with the following formula:  
 

2𝐴𝑙!𝑂" + 3𝐶 → 4𝐴𝑙 + 3𝐶𝑂! 
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The pots are all connected and arranged in a line fed with direct current. The size and 
configuration of the potlines vary from one smelter to another (Reduction, 2018). A general 
setup of a pot is displayed on figure 2. 
 

 

 

Figure 2: Aluminum production pot (Kvande & Drablos, 2014)  

 
For process control, samples are manually taken from pots frequently. The most common 
manual sampling process requires an employee to collect an aluminum sample from a pot and 
pour it into a mold where it solidifies (Guðmundsson, Matthíasson, & Leósson, 2020). The 
samples are then analysed with an arc-spark optical emission spectroscopy (spark-OES) at a 
lab facility located at the smelter. This process is associated with risk of error, including 
contamination of molds and tools and incorrect preparation of sample before it is analysed. As 
well is the process time consuming.   

2.3 Rio Tinto Iceland 

Rio Tinto Iceland or ISAL is a part of the global corporation Rio Tinto. Rio Tinto operates 14 
aluminum smelters along with bauxite mines, alumina refineries and hydropower plants all 
around the world (Aluminum, n.d.). ISAL was the first aluminum smelter to open in Iceland 
and runs only on electricity generated from renewable sources (The company, n.d.). The 
smelter produces billets in many different alloys and has about 100 customers. The aluminum 
products from ISAL are used in the construction business, in car production, in solar cells and 
more (Rio Tinto Iceland, n.d.). There are 480 pots at ISAL’s potroom, 160 in each potroom 
and the yearly production is around 211,000 tons of aluminum (The company, n.d.). An 
overview of the plant is displayed on figure 3.  
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Figure 3: ISAL aluminum smelter (Guðjónsson, 2020) 

2.4 DT Equipment 

DT Equipment or DTE is an Icelandic innovation company founded in 2013 with the objective 
to offer high-technology solutions for the metal industry. For the last couple of years DTE has 
focused on developing Elemental Analyzers products along with a machine learning based 
cloud platform (About us, n.d.). The elemental analyzers technology is based on spectroscopy, 
where a powerful laser is directed to the surface of liquid aluminum (Technology, 2021). The 
power of the laser pulse is 20 megawatts and lasts for only a part of a second, this heats up the 
surface to 30,000 degrees Celsius and a plasma forms on the surface. In this state each element 
radiates a light that the equipment can analyse.  
 
It has been confirmed that DTE’s technology can analyse trace elements in aluminum with 
great precision and is fully competitive with current laboratory analysis of solid samples  
(Guðmundsson, Matthíasson, Guðmundsson, & Leósson, 2019). Analysis of liquid aluminum 
is proven to be highly beneficial for the industry, many parties have tried and failed to develop 
comparable solutions that DTE is now offering. By analysing aluminum in liquid state it is 
possible to shorten and simplify current sampling process at smelters (Technology, 2021). The 
current process can take up to several hours and postpone production and decision making. 
Furthermore, the process is associated with risk of error since it is mainly manual. The 
elemental analyzers combined with analytics cloud platform can support operational 
efficiency, sustainability, maximizes value and optimize the manufacturing value chain which 
is a step towards the 4.0 industry. Industry 4.0 is a relatively new concept in the manufacturing 
sector that refers to integrating smart digital technology solutions with current practices (Lasi, 
Kemper, Fettke, Feld, & Hoffmann, 2014). 
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2.4.1 Elemental Analyzer 

DTE’s portable elemental analyzer named EA-1000 is a solution specially designed for 
potroom sampling (EA-1000, 2021). The analyzer is located on a small electrical vehicle, 
designed to be easy to drive between pots, collect samples and analyse them immediately on 
site. EA-1000 is displayed on figure 4.  
 

 

Figure 4: EA-1000 (Areces, 2021) 

2.4.2 Analytics Cloud Platform 

DTE’s analytics cloud platform is based on real time information from the elemental analyzers 
along with machine learning algorithms (Areces, 2021). The analytics cloud platform is 
designed to enhance process control and support decision making in the potroom by converting 
chemical composition information from liquid aluminum into actionable data in real time. 
Some of the features that will be available in the platform are the ability to view status of the 
whole potroom, view pots that are considered critical, view individual pots and the 
measurements done on that pot with key performance indicators. It will also be possible to 
view the operational status of each EA-1000 device and notifications received if maintenance 
is needed. Future versions of the analytics cloud platform will include more advanced solutions 
like analysing pot health in detail, requesting further data from pots, pairing pots together for 
crucibles based on detailed quality measures for the casthouse and so on. 
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Chapter 3 

3Literature Review 

The literature review chapter introduces the theory used in the project. Terminology for 
business process management, financial assessment and risk assessment will be reviewed. 

3.1 Business Process Management 

A process is defined by (Collins Dictionary, 2021) as a series of actions or steps taken in order 
to achieve a particular result. A business process is a collection of inter-related events, 
activities and decisions points that involve a number of actors and objects, that collectively 
lead to an outcome that is a of value for at least one customer as (Dumas, Mendling, Reijers, 
& Rosa, 2013) explained in their book. Each department or a part of a company is generally 
responsible for taking in some data or material and transforming it to another form to make 
valuable decisions or something else.  
 
Business process management or BPM is defined as a body of methods, techniques, and tools 
to discover, analyse, redesign, execute and monitor business processes (Dumas, Mendling, 
Reijers, & Rosa, 2013). In other words, is BPM a field that is looking for ways to improve 
organization efficiency and performance. BPM can be looked at as a cycle of activities to 
monitor and evaluate processes, also known as the BPM lifecycle. Most business processes 
need to be evaluated and improved with time since the environment today is constantly 
changing with technical improvements, increased customer demand, competition and new 
regulations to name a few.  
 
The BPM lifecycle consists of the following activities (Dumas, Mendling, Reijers, & Rosa, 
2013): 
 

• Process identification: An important step to take in the beginning is to identify the 
process to get a good view of the process and other processes that are related. The 
output in this phase is a process architecture. Process architecture describes the 
processes and how they relate.  

• Process discovery: The process is documented at its current state.  
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• Process analysis: The process is evaluated, problems with the process are flagged and 
documented when possible. A list of problems is often an output of this phase, 
prioritized when possible.  

• Process redesign: Problems from previous phase are addressed and the process 
modified to solve the problems if possible. Options to change the process are evaluated 
and compared. The output from this activity is preferably a process model. 

• Process implementation: The redesigned process is implemented. In this phase, 
organizational change management is applied as a set of actions needed to take to 
change the way how the process is conducted by all participants involved. Also, is 
process automation addressed when IT systems are implemented or enhanced to 
support the process from previous phase.  

• Process monitoring and controlling: The new process is monitored by collecting and 
analysing available data to evaluate how the process is performing according to 
expectations and other objectives. If issues arise, they are addressed and solved.  

 

Figure 5: BPM Lifecycle (Dumas, Mendling, Reijers, & Rosa, 2013) 

 
BPM is great to get an overview of company processes, find room for improvements and 
automation. However, there are though some downsides to BPM, it can be very time 
consuming, and few companies have the resources to apply BPM at full extent. 

3.1.1 Business Process Change 

Most companies today want to improve their operation, efficiency, productivity and make 
greater profits as (Harmon, 2007) states. It is a fact that most processes in companies are not 
as efficient as they could be. By using and applying new technology, it is possible to redesign 
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processes to improve efficiency. To evaluate if processes are reaching the intended results, 
performance measures are used and redefined into key performance indictors (KPI’s) defined 
by (Dumas, Mendling, Reijers, & Rosa, 2013). The performance measures generally used are: 
time, cost, quality and also flexibility, since processes might perform well under one condition 
and then poorly under another condition. Most used performance measure is time. Different 
time measures can be used, for example cycle time, which is the time from the start of an event 
to the end. Processing time and waiting time are also frequently used. Next performance 
measure is cost, processes can decrease cost or increase revenue, both of which lead to higher 
profits. Operational cost can be calculated directly for processes and it is often used as a 
performance measure to reduce it. Internal or external quality measures are then regularly 
applied. Internal quality is from the employee view, how easy is it to work according to the 
process. External quality is from the customer point of view, how satisfied the customer is with 
the process or product. The last criterion is flexibility that is used to measure how adaptable 
the process is to changes. 

3.1.2 Business Process Modeling Notation 

Process modeling is a fundamental part of BPM. Process models provide an overview of how 
the process is and the interrelations between data, activities and resources (Dumas, Mendling, 
Reijers, & Rosa, 2013). That is an important part of process discovery and process redesign in 
the BPM lifecycle. Business process modeling notation or BPMN is a language used to 
describe steps in a business process graphically, with over 100 symbols. Most common 
symbols in the BPMN language are listed in table 1.  
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Table 1: Most common BPMN symbols (White, 2004) 

 
Object 

 
Description 

 
Symbol 

Event An event is something that happens.  
Types of events: Start and end. 

 

Activity An activity or task that is performed.  

 

Sub process An activity or task that is a part of a larger 
process. 

 

Gateway A gateway controls the sequence flow. 
Processes can go in more than one direction.  

 
Pool A pool represents all participants in the process. 

 

Lane A single lane is for all participants in the 
process.   

 

Sequence 
Flow 

A sequence flow shows in what order activities 
are performed. 

 

Message 
Flow 

A message flow shows the flow of messages 
between two or more participant in the process.  

 

Data Object A data object is used to show when data is 
generated in an activity or required.  
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3.1.3 BPM in the production industry 

Production companies are adopting new ways to monitor and improve processes just as 
companies in other industries are doing. With new smart technologies emerging as a part of 
the 4.0 industry revolution, new possibilities are arising for BPM implementation as (Tupa & 
Steiner, 2019) stated in their article. When adopting new technologies, it can be challenging to 
change processes and it can be associated with risk such as error in data, information risk, data 
loss, etc. With these new technologies processes become more digitalized, BPM practices can 
help companies to implement the new processes and adapt to industry 4.0 (Tupa & Steiner, 
2019). 

3.2 Financial Assessment 

It is important to assess whether an investment idea is financially feasible or not before an 
investment decision is made as (Bjornsdottir, Arnason, & Jensson, 2016) discuss in their book. 
A feasibility assessment can be carried out from several angles like technical, environmental, 
legal or financial. Financial feasibility assessment is generally the most fundamental one, an 
investment project must generate profit within a certain time. The accuracy of data used in the 
assessment depends on the status of an investment, early-stage ideas often have data with high 
uncertainty compared to ideas that are on later stages. Complexity of a financial model depends 
on the criteria chosen, it is convenient to use a mathematical model for all calculations, so it is 
easy to update numbers when needed and it is easier to execute sensitivity analysis on chosen 
parameters for risk mitigation. 
 
To be able to assess the financial feasibility of an investment project, some evaluation 
measures need to be defined. (Remer & Nieto, 1995) defined the most common evaluation 
techniques in their paper. The five basic categories are: 
 

• Net Present Value methods 
• Rate of return methods 
• Ratio methods 
• Payback methods 
• Accounting methods 

 

Methods from the evaluation technique categories used in this project are listed in the 
following chapters.  

3.2.1 Net Present Value 

Net present value (NPV) is the value of an investment project at the end of a specific period, 
it is the difference between present value of all cash inflows and outflows (Bjornsdottir, 
Arnason, & Jensson, 2016). NPV is used to estimate whether an investment project has 
acceptable return over a time period, by comparing it with the return that the investor demands. 
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If the NPV(i) is positive for a project, then cash inflow is greater than outflow and the project 
is profitable. To calculate NPV Marginal Attractive Rate of Return (MARR) is used. MARR 
is the acceptable return, which is the rate of return that the investor could get for alternative 
investments, usually the same as investor’s cost of capital (Björnsdóttir, 2010). 
 
Formula for NPV:  
 

 

 

(3.1) 

 
 
An = Net cash flow at the end of period n 
i = MARR 
N = Service life of the project 
          (Park, 2007)  

3.2.2 Rate of return methods 

3.2.2.1 Internal Rate of Return 

Internal Rate of Return (IRR) is based on return on invested capital. Investors usually demand 
higher return than break even and define a MARR (Bjornsdottir, Arnason, & Jensson, 2016). 
IRR and MARR comparison can support investors decision making. IRR is equal to the 
discount rate when NPV(i) is zero.  
 
Formula and supporting rules for IRR: 
 

 

 

(3.2) 

 
An = Net cash flow at the end of period n 
i* = IRR 
N = Service life of project 
            
          (Park, 2007) 
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Supporting rules for investors decision making according to (Park, 2007): 
 

• IRR > MARR, accept investment project 
• IRR = MARR, remain indifferent 
• IRR < MARR, reject the project 

3.2.2.2 Modified Rate of Return 

Modified Rate of Return (MIRR), also called External Rate of Return is similar to the IRR 
method but in the MIRR method, it is assumed that all cashflow is reinvested at a rate other 
than IRR (Bjornsdottir, Arnason, & Jensson, 2016). The reinvested rate in the MIRR method 
is generally the MARR set by the investors. MIRR is a more recent method than NPV and IRR 
methods. NPV and IRR methods often give different results and the MIRR method was 
designed to give a more accurate results for evaluation of financial feasibility of a project. 
 
Supporting rules for investors according to (Park, 2007):  
 

• MIRR > Cost of Capital, accept project 
• MIRR = Cost of Capital, remain indifferent 
• MIRR < Cost of Capital, reject project 

3.2.3 Financial Ratios  

A common method to analyse business entities are financial statements. Financial statements 
are generated from financial activities such as revenue and cost (Bjornsdottir, Arnason, & 
Jensson, 2016). By making a forecast of revenue and cost for a project that has not yet taken 
place, financial statements can be evaluated. A forecasted financial statement for an investment 
project cannot be used alone to decide on pursuing a project, but they can be a valuable input 
in the whole decision-making process. To analyse the statements financial ratios are commonly 
used to compare the results with other similar business entities. 
 
Financial ratios are generally divided into five different categories defined by (Park, 2007). 
They are debt management ratios, liquidity ratios, asset management ratios, market trend ratios 
and profitability ratios. A short description of the ratios used in the project are listed below. 

3.2.3.1 Profitability ratios 

Return on investment (ROI) 
This ratio is used to measure performance of the capital utilized in a project (Wiehle, 
Diegelmann, Deter, Schömig, & Rolf, 2005). It is a key performance indicator for an 
investment decision and can be compared with other comparable investments in different 
industries. Return on investment is calculated by dividing earnings before interest and taxes 
by total liabilities and shareholders’ equity. 
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 𝑅𝑂𝐼 = 	

𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠	𝑏𝑒𝑓𝑜𝑟𝑒	𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑎𝑛𝑑	𝑡𝑎𝑥𝑒𝑠
𝑇𝑜𝑡𝑎𝑙	𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠	𝑎𝑛𝑑	ℎ𝑎𝑟𝑒ℎ𝑜𝑙𝑑𝑒𝑟𝑠#𝑒𝑞𝑢𝑖𝑡𝑦 (3.3) 

 
 

(Wiehle, Diegelmann, Deter, Schömig, & Rolf, 2005) 
 

Return on equity (ROE) 
This ratio is used to measure how much profit a project generates with the money their 
investors have put into the project (Groppelli & Nikbakht, 2006). The higher the return is, the 
better utilization of the investment. Return on equity is calculated by dividing net profits after 
taxes with shareholders’ equity. 
 
 
 𝑅𝑂𝐸 = 	

𝑁𝑒𝑡	𝑝𝑟𝑜𝑓𝑖𝑡𝑠	𝑎𝑓𝑡𝑒𝑟	𝑡𝑎𝑥𝑒𝑠
𝑆ℎ𝑎𝑟𝑒ℎ𝑜𝑙𝑑𝑒𝑟𝑠#𝑒𝑞𝑢𝑖𝑡𝑦  (3.4) 

 
         

(Groppelli & Nikbakht, 2006) 

3.2.4 Payback methods 

3.2.4.1 Payback Period 

The payback period method defines when the investment reaches break-even point (Remer & 
Nieto, 1995). This method is not used solely to decide on an investment project, but it 
calculates how long it takes for revenue to pay down the initial investment. This method does 
not give much information regarding profitability of a project. 

3.3 Risk Assessment 

The outcome of the financial assessment assumes that the data input is certain and reliable. In 
reality, data and assumptions for a possible project are associated with uncertainty that can 
affect future cash flow (Bjornsdottir, Arnason, & Jensson, 2016). Therefore, some tools are 
needed to anticipate the project risk to provide the investors with an insight into other possible 
outcomes of the project. Risk analysis is a great tool to estimate project outcome variability 
and potential for loss. Various methods can be used for risk analysis, such as sensitivity 
analysis, scenario analysis, break-even analysis, simulation, etc. (Park, 2007). Methods for 
sensitivity analysis, scenario analysis and simulation will be used in this project and are 
presented in the following chapters.  
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3.3.1 Sensitivity Analysis 

Sensitivity analysis gives investors an insight into project risk when changing input variables 
(Bjornsdottir, Arnason, & Jensson, 2016). The variables are first set at most likely values and 
then changed by a certain percentage one at a time and the effect on the output registered, the 
output can be cashflow, NPV or other. This method can identify the most sensitive input 
variables, that effect the output the greatest hence the profitability of the project. For example, 
sales volume, cost, revenue, etc. Results from the sensitivity analysis are generally presented 
in a graph. The slopes of the lines represent how sensitive the input is, the steeper the line is, 
the more sensitive is the input parameter.  

3.3.2 Simulation 

The methods described in previous chapters analyse discrete outcomes of a project, but they 
do not give information on likelihood of each outcome, which is a very important factor when 
considering risk analysis (Bjornsdottir, Arnason, & Jensson, 2016). With simulation it is 
possible to generate all possible sets of input parameters and have a distribution of outcome 
rather than a single value. The results from the simulation can be used to study the most likely 
outcome. The output is usually NPV or IRR. The simulation can be done in various ways, a 
few simulation tools are built on excel spreadsheets. 

3.3.3 Three-point Cost Estimation Method 

When the cost of a project has not been fully confirmed the three-point cost estimation method 
can be used to estimate expected cost value as (Jensson, 2006) explains in his article. The cost 
is given a most likely estimate(m), an optimistic estimate(a), and a pessimistic estimate(b). 
Then the most likely value for the cost is calculated according to the triangular or beta 
distribution. This method is a good way to estimate input values for a financial model for an 
investment project with uncertain cost.  
 
Formula for estimated cost value (Beta distribution): 
 
 𝑡 =

𝑎 + 4𝑚 + 𝑏
6  (3.5) 

 
          (Jensson, 2006) 
 
Standard deviation: 
 
 𝑠 =

𝑏 − 𝑎
6  (3.6) 

 
          (Jensson, 2006) 
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Variance: 
 
 𝑣 = √𝑠 (3.7) 

 
          (Jensson, 2006) 
 
The normal distribution is used as an approximation for the total cost, with confidence limits 
(Jensson, 2006). Z is determined by the confidence level chosen, using the standardized normal 
distribution.  
 
Expected cost value: 
 
 𝑇𝑜𝑡𝑎𝑙	𝑐𝑜𝑠𝑡 = 𝑡 + 𝑠 ∗ 𝑍 (3.8) 

 
          (Jensson, 2006) 
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Chapter 4 

4Data 

In this chapter, data collection for the project will be reviewed. Data was collected from 
three main sources, ISAL employees, DTE employees and relevant references.  

 

4.1 Data collection 

 
To model current process at ISAL’s potroom and in potroom control, data was required from 
ISAL. The data was collected by questionnaires, interviews and observations. A questionnaire 
was sent to specialists in potroom operation with questions regarding processes at potroom 
control as well as information about pots, electrolysis, production management with emphasis 
on how chemical analysis results from pot samples are utilized. The questionnaires were then 
followed up with interviews with the specialists. To collect further data regarding the sampling 
process at the potroom, the author visited ISAL’s potroom and got to observe the process and 
ask one of the potroom shift manager a few questions. The questionnaires also included 
requested information for the financial model, that the head of potroom control provided. In 
addition to the data that ISAL’s employees provided, they brought valuable points on how the 
elemental analyzers would benefit them. Further data on aluminum smelters, sources about 
business process management and financial model was collected from relevant references. 
Information and data regarding the elemental analyzer, analytics cloud platforms and DTE 
were collected by interviews with DTE staff.  
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Chapter 5 

5Processes and Financial Model 

In this chapter, current processes at ISAL’s potroom and potroom operation will be 
described along with an introduction of the financial model and all assumptions for the 
model. 

5.1 ISAL Current Processes 

To model ISAL’s processes in the potroom and potroom operation related to sampling from 
pots and production control, the business process modeling notation (BPMN) standard is 
used. All processes are reviewed from the point where the samples are taken from pots in 
the potroom until the results are available and action taken based on the results. The 
processes are identified, discovered and analysed according to the BPM terminology 
described in chapter 3.1. 

5.1.1 Pot sampling processes 

Aluminum samples are taken from pots for two reasons. Firstly, to monitor the condition of 
the pot. Secondly, to monitor the quality of the aluminum in the pot. Aluminum samples are 
taken in the beginning of each shift, from forty pots in a row. The location of the samples taken 
rotates every shift, therefore a sample is taken from each pot every 4 days. Two employees 
take care of taking the samples, before the samples can be taken one employee has to break 
the electrolyte crust that has formed in the pots meanwhile the other employee prepares an 
electric car with molds and enough ladles for the sampling process. When both employees 
have finished, they can start taking the samples. 
 
When taking the samples, one employee drives an electric car with five molds for the samples 
on the side of the car and the other one walks with a sample-ladle between the pots and takes 
a sample from each pot and pours aluminum into a mold. When all the molds on the side of 
the car are full, the employee driving removes them from the mold and places them into a 
sample kit. This process is repeated until the forty pots are finished. The employees generally 
shift tasks halfway through the pots due to heat stress on the employee taking the samples. 
Once the employees have collected all the samples, they place them in front of a door to cool 
them. Once the samples have cooled, they are marked with the number of the pots and then 
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taken to a container lab for chemical analysis. To analyse the samples, the employee arranges 
them in the right order into a feeder for an automatic analyser, then the employee registers the 
samples in a computer and starts the analysing process. Once the process has started, the 
employee can leave and the lab-container analyses the samples. The total cycle time for this 
process is approximately 3 hours and 20 minutes. A model of the sampling process is displayed 
on figure 6.  
 

 

Figure 6: ISAL potroom sampling process 

 
It varies how long the samples are cooled before they are taken to the lab, it happens that it is 
forgotten to take the samples until later in the shift, but the employees try to take them as soon 
as possible so the chemical analysis results for the pots are available before aluminum 
extraction for the next shift is planned, which is in the middle of the shift. This process is 
associated with risk of error since it is mainly manual. Situations have come up where the 
samples have been mixed up, contaminated with electrolysis or they have not been arranged 
in the correct way into the feeder in the lab-container. 
 
The lab-container is around 20 m2 and an arc-spark optical emission spectrometry (OES) 
technology is used to analyse the solid aluminum pot samples. The surface of the samples 
needs to be prepared before they are analysed, therefore a special equipment is used to mill the 
surface. It takes about 60 minutes for the container lab to analyse all 40 samples, or 1.5 minutes 
to analyse each sample. When the lab container has finished analysing the samples from the 
pots, the results are available in a database and then moved to a program constructed by ISAL 
to display sample results graphically. The program displays results for Fe, Si and Cu levels in 
the aluminum as well as Fe/Mn and Fe/Cu ratios. If the lab-container is not working for some 
reason, the potroom employee needs to take the pot samples to the other lab-container in the 
casthouse. The procedure there is similar, but in addition the head of the samples needs to be 
cut off manually before they can be registered in the container which results in greater time for 
the whole sampling process.  

5.1.1.1 Extra pot samples 

Extra samples are taken from pots that are in critical state or where the previous sample is 
abnormal. All extra samples are taken in the same way as described in the previous sampling 
process, but instead of cooling the samples at a door they are cooled in water and taken straight 
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to the lab-container, so the results are available sooner. This process takes around 20 to 30 
minutes for one pot, longer if samples are taken from additional pots. Extra samples are often 
taken after the samples have been taken in the beginning of the shift, then the employees have 
all the equipment ready to take samples, although employees can receive requests any time 
during the shift to take extra samples, especially when a new sample needs to be taken to verify 
that the previous results are correct. Generally, more than one extra sample is taken each time 
so there is a risk of mixing up the samples before they are taken to the lab-container for 
analysis. Around 0 to 6 extra samples are taken each shift. The cycle time for this process is 
approximately 30 min for one extra sample. A model for the process is displayed in figure 7.  
 

 

Figure 7: Extra pot samples 

5.1.2 Analyse pot sample results 

When the chemical analysis results of the samples are available from the lab-container, a 
specialist from potroom operation reviews the results during weekdays. It takes around 30 
minutes each day to review the results, the focus is on the outliers with high iron, copper or 
silicon levels and pots that are older than 1,800 days in potroom 3 and 2,000 days in potrooms 
1 and 2. If a sample results show a significant change for a pot, another sample is always 
requested to confirm that the results are accurate. Pots are not taken out of operation until they 
show unusual behavior and are at risk of leaking. The most common reason for a pot to be 
taken out of operation is because the pot shows behavior indicating that it is going to leak 
though the bottom. Before that happens, the pot usually shows increase in iron and also copper 
levels in some pots and the cathode bars temperature increases fast. The copper comes from 
the cathode bar but not all pots at ISAL have copper in the cathode bars. It can take some time 
to find the cause for a pot that shows increase in Fe, Cu or Si and the potroom specialist often 
needs to request more data from the pot to find out what is wrong. In beginning of each week, 
a measurement list with all pots in critical state is published by the potroom operation 
specialist. All critical pots need to be monitored more closely and sampled more frequently.  
 
Potroom shift managers also review the chemical analysis results from the pot samples when 
they are available each shift. They review specially the pots on the measurement list and act 
when needed but they have the authority to take pots out of operation when necessary. Due to 
heavy workload, the managers sometimes do not have the time to review the results as soon as 
they are available, and they do not receive any notification when the results are in, so they need 
to check the computer frequently to see if the results are available or not. Situations have come 
up where a pot suddenly leaks that could have been avoided if the results from the pot sample 
had been reviewed right away. Figure 8 displays the model for analysis of pot samples process. 
Potroom operation specialist requests more information for a pot or a new sample from 
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potroom shift manager when needed via phone or email. Then the shift manager contacts a 
potroom employee to take a new sample or check pot state. This process requires frequent 
communication and efficient information flow. Opportunities are here for more automation 
and registration of data in a common platform.  
 

 

Figure 8: Review sample results from pots 

 
On the measurement list are usually fewer than 10 pots but can go up to 15 pots if necessary. 
Pots that are at risk of leaking are marked as critical pots, samples need to be taken more 
frequently from critical pots and cathode bar temperature measured for the pots in most critical 
state. Pots are given a number from 1 to 5, where 5 are the pots in most critical state. The more 
likely a pot is going to leak, the more it needs to be monitored. Samples are taken from pots 
with numbers 4 and 5 every shift and the cathode temperature measured as well. A potroom 
team measures cathode bar temperature during weekdays but the potroom shift is in charge of 
measuring cathode bars on other times when necessary. Figure 9 displays the most common 
actions taken when a pot shows significant increase in Fe, Cu or Si levels and possible reasons 
for the increase. 
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Figure 9: Response to abnormal samples 

More work is put into saving pots showing unusual behaviour if they are younger than 1600 
days, if the pots are older than 2000 days, they are much more likely to be taken out of 
operation sooner. When a pot is in critical state, some measures are usually taken to keep the 
pot in operation for as long as possible before it is necessary to take it out of operation. When 
a pot shows unusual behaviour, there can be only a few days or up to months before the pot is 
taken out of operation. This is evaluated by the potroom operation specialist or the potroom 
team and shift managers. The most common actions taken when a pot is in critical state are 
displayed on figure 10.  
 

 

Figure 10: Measures taken to respond to abnormal samples 
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5.1.3 Aluminum extraction planning 

The casthouse is in charge of the pot aluminum extraction process.  A pot produces around 1 
ton of aluminum each day, and aluminum is extracted from each pot every two days. Casthouse 
employees come on large trucks with crucibles to the potroom and extract aluminum from 2 
to 3 pots each time. When a casthouse employee has extracted the aluminum, he drives back 
to the casthouse and pours the aluminum into a furnace according to the casting schedule. The 
casthouse produces over 200 different products and each product has different chemical 
composition. Casthouse operation uses a special program to pair pots together for the pot 
aluminum extraction plan. The program uses pot chemical analysis results to pair them 
together, so the chemical composition meets the casthouse requirements. The main focus is on 
iron levels in the pots, the other chemicals such as copper, silicon and manganese are generally 
in such low values, that they are irrelevant.  
 
The aluminum extraction program uses the newest pot sample results available and the sample 
history for the pot. Since samples are taken from the pots every 4 days and aluminum extraction 
is every 2 days, then half of the pots have new sample results available, and the other half has 
2 days old results. During stable operation in the potroom, changes in pot chemical 
composition are insignificant. However, in some cases the chemical composition has changed 
and affects the expected chemical composition of the aluminum received by the casthouse. 
The process for aluminum extraction and casting planning along with the aluminum extraction 
process is displayed on figure 11.  
 

 

Figure 11: Casthouse aluminum extraction 

5.2 Financial Model 

Páll Jensson, a professor at University of Reykjavik developed a computer model for 
profitability analysis that is used in this project. The model was developed for small to middle 
scale corporations and has been utilized in many feasibility studies in Iceland as well as in 
other countries (Jensson, 2006). The model has been used by corporations and by the academic 
society. The model uses data on the initial investment and following operations and simulates 
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it throughout the lifetime of the investment. Main segments of the model and their connections 
are described on figure 12. 
 

 

Figure 12: Financial model segment and their relations (Jensson, 2006) 
 

As is displayed in figure 12, the model consists of 8 different components that are implemented 
in separate Excel sheets in the same workbook. Content of each sheet in the model will be 
explained in the following chapters.  

5.2.1 Assumptions and results 

All input data and assumption for the model are in this sheet (Jensson, 2006). Such as 
investment cost, operating cost, revenue, equity, tax, planning horizon, etc. Additional data or 
more detailed information can be inserted if needed. This sheet does also include results for 
NPV of cash flow, IRR and MIRR from the profitability analysis.  
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5.2.2 Investment and financing 

Breakdown of investment cost is displayed in this sheet and the value of the investment during 
the planning horizon (Jensson, 2006). The value of the investment is calculated by subtracting 
calculated depreciation each year, according to the straight-line method. This is calculated to 
estimate income tax as accurately as possible. At last, the sheet also includes financing 
calculations. They are loan repayments, principal, interests and loan management fee. 

5.2.3 Operating statement 

In this sheet, revenue and cost is calculated for each year and the project yearly profit or loss 
(Jensson, 2006). Operating surplus (EBITDA) is calculated by subtracting all cost from the 
revenue and is used as a basis in the cash flow sheet. Diverse taxes are assumed to be zero. 
Then operating gain or loss (EBIT) is calculated by subtracting the depreciation calculated in 
the previous sheet from the EBITDA. Financial cost is then subtracted from EBIT to get profit 
before tax (EBT). At last, is the tax subtracted from EBT to calculate the project profit or loss.  

5.2.4 Balance sheet 

The balance sheet shows assets, debts and capital. Financial ratios calculated use data from the 
balance sheet according to commonly known accounting formulas (Jensson, 2006). This sheet 
is also important for error check. A difference between total assets and then total debt and 
capital indicated that there is an error in the model. 

5.2.5 Cash flow 

The cash flow sheet starts with the EBITDA calculated in the operating sheet. Debtor and 
creditor changes are calculated from the debtor and creditor calculations in the balance sheet 
(Jensson, 2006). By subtracting debtor changes, creditor changes, inventory change and 
financing expenditures from the EBITDA gives the cash flow before tax. Cash flow after tax 
is then calculated by subtracting the income tax from the year before from the cash flow before 
tax. Next, interest and loan repayments are subtracted from the cash flow after tax to get the 
net cash flow. At last, cash movements are calculated by subtracting paid dividend and 
financing expenditure from the net cash flow. 

5.2.6 Profitability calculations 

This sheet includes all profitability calculations for the project (Jensson, 2006). Total cash 
flow, net present value, internal rate of return, net cash flow and various financial ratios are 
calculated in this sheet and used to evaluate the profitability of the project.  
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5.3 Financial Model Assumptions 

In this chapter, assumptions for the financial model will be reviewed. The financial model is 
constructed for ISAL to estimate the financial benefits of implementing DTE’s technology.  
Predictions for investment cost and operating cost for the analyzers and analytics cloud 
platform are based on numbers from DTE. Future estimates for revenue generated by the 
project by implementing the analyzers and cloud platform were calculated after conducting a 
detailed value analysis. The financial model calculates everything at constant prices.                                                                                                                                                              

5.3.1 Investment cost 

The investment cost for the project is the cost of two elemental analyzers, paid at the first year 
of the project. The analyzers will be manufactured by DTE employees and the analytics cloud 
platform will be installed and adapted to ISAL’s needs by DTE employees as well. Installation 
of the analytics cloud platform and staff training is included in the price of the analyzers. Total 
investment cost is $xxx,xx as is displayed in table 2.  

Table 2: Investment cost breakdown [KUSD] 

 Unit price Quantity Total Cost 
EA-1000  2  
Installation, training    
Total    

5.3.2 Operating cost 

The operating cost or fixed cost consists of service agreement, maintenance cost and cost of 
all consumables for the analyzers, such as ladles to take samples and crucibles. The service 
agreement is paid for subscription to the analytics cloud platform and the fee is included in the 
investment cost in the first year of the project. Yearly operating cost is $xxx,xxx as is displayed 
in table 3. 
 

Table 3: Yearly operating cost breakdown [KUSD] 

 Unit price Quantity Total Cost 
Service agreement  1  
EA-1000 maintenance  1  
New ladles 0.1 60 6.6 
New crucibles 0.5 10 4.6 
Ladle coating 0.2 16 2.7 
Ladle maintenance 0.1 312 hours 25.0 
Crucible maintenance 0.1 192 hours 15.4 
Total    
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5.3.3 Revenue 

The project revenue is both reduced operational cost, capital cost and increased revenue for 
ISAL after implementing DTE’s technology. The revenue is calculated based on cost figures 
since 2020 from ISAL and what DTE believes ISAL can achieve with DTE’s technology. The 
revenue is split into four main categories. They are lab, sampling equipment, employee time 
and pots. The total revenue generated by the project is $439,090 yearly. Project revenue 
generated by each category is explained in detail in the following chapters.  

5.3.3.1 Lab 

With DTE’s analyzers, the lab container used to analyse the pot samples is not necessary. 
Therefore, there is reduced operating cost and capital cost for ISAL after the implementation. 
Instead of operating two lab containers, ISAL can operate one and have a spare OES device 
available in a fully equipped lab container in the casthouse. With this modification, it is 
estimated that the capital cost of installing a new lab container is reduced by 75%, over a 10-
year period and all other cost is avoided. The total amount saved is $129,050 yearly, as 
displayed in table 4. 

Table 4: Revenue related to lab [KUSD] 

 Reduced operating 
expenses  

Reduced capital 
expenditure 

Revenue 
increase 

Total 

Lab maintenance 11.4   11.4 
Lab cost  65.7  65.7 
Lab preventive 
maintenance 

3.0   3.0 

Lab maintenance due 
to failures 

49.0   49.0 

Total    129.1 

5.3.3.2 Sampling equipment 

Cost related to current sampling equipment will be zero after the implementation, since it is 
fully replaced by DTE’s analyzers. That results in reduced operating cost of $54,200 as is 
displayed in table 5.  

Table 5: Revenue related to sampling equipment [KUSD] 

 Reduced operating 
expenses 

Reduced capital 
expenditure 

Revenue 
increase 

Total 

Ladle coating 2.7   2.7 
Ladle maintenance 25.0   25.0 
Mold maintenance 15.3   15.3 
New ladles 6.6   6.6 
New molds 4.6   4.6 
Total    54.2 
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5.3.3.3 Employee cost 

With DTE’s analyzers, the total time employees spend taking aluminum samples from pots 
and analysing them is reduced by nearly 50%, from 614 minutes daily to 302 minutes, 
assuming that employee efficiency is 70%. Yearly cost of employees taking samples is with 
DTE’s technology $125,952 instead of $255,952 or $130,000 in savings, as is displayed in 
table 6. Even though ISAL cannot reduce the number of potroom employees, the employee 
time saved can be used to perform other value adding tasks.   

Table 6: Revenue related to employee cost [KUSD] 

 Reduced operating 
expenses 

Reduced capital 
expenses 

Revenue 
increase 

Total 

Sampling: Employee time 130.0   130.0 
Total    130.0 

 

5.3.3.4 Pots 

With faster and more frequent sampling from pots follows improved knowledge of the pot 
condition. With DTE’s technology, pots can be monitored more closely, and response time can 
be improved. DTE estimates that pot life can be increased by 0.4% or by roughly 7 days, that 
results in reduction in pot replacements by about one pot every other year. Likewise, it is 
estimated that 30% of sudden pot leakages, or tapouts, can be prevented with savings of 
$44,800 in production loss since the whole potline needs to be shut down for at least an hour 
during a tapout. Project revenue related to pots is $125,840 as is displayed in table 7.  

Table 7: Revenue related to pots [KUSD] 

 Reduced operating 
expenses 

Reduced capital 
expenses 

Revenue 
increase 

Total 

Increased savings due to 
extended pot life 

80.0   80.0 

Increased production due to 
longer pot life 

  1.0 1.0 

Increased production due to 
reduced number of tapouts 

  44.8 44.8 

Total    125.8 

5.3.4 Financing and other assumptions 

This project is considered as a possible investment project at ISAL. The investment would be 
fully financed with equity, therefore no loan will be taken for the investment. The rate of return 
that the investors expect from the project, known as the discounting rate, is set at 15%. This is 
in line with ISAL’s requirements for projects of this type and scale according to the head of 
project management at ISAL.  
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Other assumptions for the financial model are that the project lifetime is 10 years, and it will 
start in the middle of year 2021. No dividend is paid by the project and income tax is 20% at 
the general level (Álagningarseðill og forsendur 2021, 2021). The project is seen as an 
independent unit, not a direct part of ISAL’s business unit.  

5.3.5 Other benefits 

The project revenue described in chapter 5.3.3. is a preliminary list of the potential benefits 
that ISAL might gain using DTE’s technology. Other benefits that the implementation would 
possibly entail include lower energy consumption based on real time process control, 
decreased anode consumption with increased knowledge of iron levels in pots, reduced risk of 
losing a potline with fewer sudden pot tapouts and enhanced process control in the casthouse 
with more accurate and newer information on chemical composition in the pots.  Which further 
supports contribution to increased operational efficiency, sustainability and reduced 
operational cost for ISAL. These benefits mentioned aren’t monetized in this project and need 
to be reviewed and validated by ISAL after possible implementation of DTE’s technology.  
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Chapter 6 

6Results 

In this chapter, redesigned processes for ISAL will be described along with the results from 
the financial model and risk assessment. 

6.1 Redesigned Processes 

The processes from Chapter 5.1 are redesigned in such way that two portable elemental 
analyzers from DTE are implemented in the potroom and real-time information on the 
chemical composition of the aluminum in the pots is utilized as best as possible. All processes 
are redesigned with the assumption that DTE’s analytics cloud platform is in full operation 
and utilized at full extent. The aim is to simplify processes and increase automation. 

6.1.1 Pot sampling process with EA-1000 

During sampling in the potroom with EA-1000, an employee drives an electric car with the 
analyzer between the pots and takes samples. The samples are taken in the same way as before, 
a ladle is used to reach aluminum from the bottom of a pot. Then instead of casting the 
aluminum into a mold, it is poured into a small crucible on the EA-1000 device, it then takes 
the analyzer around 1 minute to get the aluminum to reach the right temperature and analyse 
it. Once the sample has been analysed, it can be poured back to the pot. The results from the 
analysis are available in DTE analytics cloud platform as soon as the sample has been analysed. 
The redesigned potroom sampling process is displayed on figure 13. Sample results from 40 
pots are available after about one and a half hour with EA-1000 compared to about 3 and a 
half hours before. That results in about 2 hours reduction in daily sampling process cycle time. 
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Figure 13: Pot sampling process with EA-1000 

 
If a sample result for a pot shows a significant increase in Fe, Cu or Si levels compared to older 
samples, then EA-1000 will request a new sample taken form the pot right away to confirm 
that the results are correct. This prevents potroom employees from having to go later in the 
shift and take a new sample to confirm the results, reducing the total time spent taking samples 
each shift. The redesigned process has fewer tasks that potroom employees have to perform. 
That results in higher internal quality of the sampling process since it has been simplified and 
made easier to carry out. In addition, the changes results in reduced cost as the process takes 
less time for the employees.  

6.1.1.1 Extra samples 

The analytics cloud platform will request extra samples for pots in critical state when needed. 
The frequency of extra samples depends on how serious the pot condition is. Some pots need 
to be sampled each shift. With EA-1000 the total time to take a sample and have the results 
ready will decrease significantly and the risk of sample mix up will be eliminated. It takes 
around 3 minutes to take a sample from a pot and have the chemical analysis results ready. 
With EA-1000 it is possible to take more samples for the same time as current work practices 
are. With more frequent sampling, quality control can be improved, and risk of sudden pot 
tapout is lowered due to improved response time. The total cycle time for the extra pot sample 
process has been reduced by approximately 20 minutes and is now 10 minutes. The internal 
quality of the process has increased, and the cost reduced since it has been simplified and there 
are less tasks that the employees have to carry out. The redesigned process for extra pot 
samples is displayed in figure 14.  
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Figure 14: Extra pot samples with EA-1000 

6.1.2 Analyse pot samples 

DTE’s analytics cloud platform estimates pot health and requests additional information from 
pots when needed, such as heat of cathode bars, heat of pot side, condition of anodes and extra 
samples when a pot needs extra monitoring because of critical state. DTE’s analytics cloud 
platform can estimate what causes increase in Fe, Si or Cu and determine in how critical state 
a pot is and how closely it needs to be monitored. The platform will as well display a list with 
all pots in critical state and notify employees when a pot state has become very critical, and it 
needs to be evaluated weather to take a pot out of operation before a pot tapout will possibly 
occur. By using DTE’s analytics cloud platform time that specialist in potroom operation and 
potroom shift managers spend analysing pot sample results is minimized, and communication 
between the two becomes more streamlined since the analytics cloud platform requests 
additional information when needed and analyses pot health automatically and the process 
becomes more standardized. That increases internal quality of the process and reduces cost. 
Redesigned process for analysis of pot sample results with DTE’s technology is displayed on 
figure 15.  
 

 

Figure 15: Analyse pot sample results with DTE analytics cloud platform 
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6.1.3 Aluminum extraction planning 

Since samples are taken from pots more frequently with EA-1000, chemical analysis results 
for each pot are available every other day instead of every 4 days. Therefore, less then 24-hour 
old chemical analysis results will be available for all pots that aluminum is tapped from each 
shift. It is valuable for the casthouse to have newer results from the pots since the chemical 
composition of the aluminum can in some cases change quickly, especially in unstable pots. 
As mentioned, the casthouse produces a variety of alloy products. The alloys have all different 
specs and the casthouse uses a program to select pots together for crucibles based on results 
from pot chemical analysis. With newer chemical analysis results from pots, the casthouse has 
more reliable data for the aluminum extraction plan and more knowledge about the aluminum 
that is delivered to the casthouse. That minimizes the risk for the casthouse to get aluminum 
that does not meet the alloy specs. The process for the aluminum extraction and casting 
planning does not change but the casthouse program can use newer and more reliable pot 
aluminum chemical composition information, resulting in higher internal quality of the 
process. The redesigned process for aluminum extraction planning is displayed on figure 16. 
 

 

Figure 16: Aluminum extraction planning with DTE Analytics 

6.2 Financial Assessment 

In this section, the results from the financial model will be reviewed. To evaluate the financial 
feasibility of the project criteria for net present value (NPV), internal rate of return (IRR) and 
modified internal rate of return (MIRR) are used along with other supporting results. Screen 
shots of the results of the whole model are in Appendix A. 

6.2.1 Assumptions and results 

The main results from the financial model for the project are displayed on figure 17. At first 
glance, the results are good, since the NPV of cash flow is positive and IRR is higher than 
MARR. More detailed analysis of the results is described in the following chapters. 
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Figure 17: Assumptions and main results from financial model 

6.2.2 Operations 

The project starts to generate profit in the first year. Total profits generated by the project over 
the project period is 2,061.7 KUSD. There is a noticeable higher profit in year 2 because the 
service agreement for DTE’s analytics platform is included in the investment cost during the 
first year of the project. The profits of the project after tax are displayed in table 8.  

Table 8: Net profit or loss of the project [KUSD] 

 

6.2.3 Cash flow 

Results for total cash flow and net cash flow of the project are displayed in figure 18. During 
the first year of the project, the cash flow is negative, but in the following years it is positive. 
Likewise, there is a noticeable higher cash flow in year 2 because the service agreement for 
the analytics platform is included during the first year of the project. The results for total cash 
flow and net cash flow are the same since the project is financed with 100% equity. 
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Figure 18: Total cash flow and net cash flow of the project  

6.2.4 Balance sheet 

Results from debts and capital for the project are displayed in table 9. There are no long term 
debts in this project, so the results are only from the project’s capital and short term debts. 
Total debts and capital at end of year 11 are 2,595.1 KUSD. 

Table 9: Debts and capital of the project [KUSD] 

 

6.2.5 Profitability 

To assess the profitability of the project NPV, IRR and MIRR are calculated on the project 
cash flow, as mentioned. On figure 19 is the accumulated NPV for total cash flow and net cash 
flow, the results are the same so there is only one line visible on the figure. NPV reaches a 
positive value in year 2 and increases steadily after that, ending at 861.7 KUSD in year 11. 
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Figure 19: Net present value 

 
Figure 20 shows the internal rate of return for both total cash flow and net cash flow over the 
time period. The IRR increases drastically in the first years and then gets stable throughout the 
time, ending at 85% for both total cash flow and net cash flow.  

 

 
Figure 20: Internal rate of return 

On figure 21 are the results for MIRR of total cash flow and net cash flow displayed. The 
results for both the values are the same, so there is only one line visible on the figure. The 
MIRR increases fast in the first years and then ends at 32% in year 11.  
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Figure 21: External rate of return 

 
The results for NPV, IRR and MIRR all support that the project is highly profitable. Since the 
NPV is positive, ending at 861.7 KUSD and the IRR is greater than the MARR, ending at 
85.1%. At last, the MIRR is greater than the cost of capital, ending at 31.9%. According to 
(Park, 2007) the project is profitable and should be accepted. 

6.2.6 Financial ratios 

In this chapter the results for the financial ratios are reviewed. The ratios are used to analyse 
further the financial feasibility of the project. 

6.2.6.1 Return on investment and Return on equity 

On figure 22 are displayed the results for return on investment (ROI) and return on equity 
(ROE) for the project. Both ROI and ROE are positive throughout the time period but decrease 
steadily in the first years. That is because the profits are allowed to accumulate on low interest 
rates, which companies rarely do.  In year 11 ROI ends at 9.6% and ROE at 7.9%, the average 
for ROI is 18.0% and 15.0% for ROE during the time period of the project.  
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Figure 22: Return on investment and return on equity 

6.2.7 Payback period 

According to NPV of total cash flow, the break-even point for the investment is in the first 
half of year 2. The payback period is therefore around one year, which is a relatively short 
payback period and indicates that the project is a low-risk investment. The payback period 
measures how long it takes to repay the investment with the cash flow it creates. Results for 
NPV of total cash flow are displayed in figure 23. 

 

 

Figure 23: Payback period 
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6.2.8 Allocation of funds 

On figure 24 are the results for allocation of funds during the time period. 82.9% of funds 
go to fixed cost and 17.1% of funds go to taxes.  

 

Figure 24: Allocation of funds 

6.3 Risk Assessment 

To evaluate the risk of the project’s financial feasibility, a risk assessment is conducted. The 
higher the risk of the project, the higher is the probability of a loss. The results from the risk 
assessment are further reported in the following chapters.  

6.3.1 Sensitivity analysis 

To conduct the sensitivity analysis input parameters in the financial model are changed one 
at a time and the results for NPV of total cash flow are recorded. The results of the sensitivity 
analysis give information on what input parameters are the most sensitive to change and 
influence the project results the most. The following parameters are examined, investment 
cost, project income and fixed cost. The original values were increased and decreased in 
small steps, in total by 20%. The results from the sensitivity analysis are displayed on figure 
25.  
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Figure 25: Sensitivity analysis 

The line for project income is the steepest and is therefore the most sensitive input value. 
Changes in the price for the analyzers and price of the fixed cost have much smaller effect 
on the project profitability. Even though the project income is the most sensitive input value 
then the NPV of total cash flow is still positive when the revenue has decreased by 20%.  

6.3.2 Three-point cost estimation 

The three-point cost estimation method was used to estimate final values for investment cost, 
fixed cost and the projects’ revenue since the final values for the cost and revenue has not been 
fully determined yet and all have a great impact on the financial feasibility of the project. Most 
likely values for the cost and revenue are from chapter 5.3. Optimistic and pessimistic cost 
values were chosen 15% above and below most likely values for investment cost and 20% 
above and below the most likely values for fixed cost and project revenue. Results from the 
three-point cost estimation for investment cost are displayed in table 10.  

Table 10: Three-point cost estimation for investment cost [KUSD] 

 Optimistic Most likely Pessimistic Expected St. Deviation Variance 
 a m b t s v 
2x EA-1000    450.0   
       

 
 
 

Confidence level 95% 
Z factor 1.645 
Total cost estimate  
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Results from the three-point cost estimation for yearly fixed cost and project revenue are 
displayed in tables 11 and 12.  

Table 11: Three-point cost estimation for project yearly fixed cost [KUSD] 

 Optimistic Most likely Pessimistic Expected St. Deviation Variance 
 a m b t s v 
Service 
agreement 

      

Maintenance       
EA -1000 
Consumables 

43.2 54 64.8 54 4 13 

       
 
 

Confidence level 95% 
Z factor 1.645 
Total cost estimate  

 
 

Table 12: Three-point cost estimation for project yearly income [KUSD] 

 Optimistic Most likely Pessimistic Expected St. Deviation Variance 
 a m b t s v 
Project income 535.2 446 356.8 446 29.7 884.1 
 535.2 446.0 356.8 446.0 29.7 884.1 

 
 

Confidence level 95% 
Z factor 1.645 
Total cost estimate 495.0 

 

6.3.3 Simulation 

To analyse further the financial risk of the project, the Excel add-on @Risk was used to 
simulate the outcome of the project when an input parameter is set as a distribution of outcomes 
but not as a single value. In the simulation values for investment cost, fixed cost and project 
revenue were set as a distribution since those values are subjected to uncertainty. The output 
value is the NPV of total cash flow at the end of the project period. The input parameters were 
defined with a normal distribution, using the standard deviation calculated in chapter 6.3.2. 
Distributions for investment cost, fixed cost and project revenue are displayed in table 13.  
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Table 13: Normal distribution for input values [KUSD] 

 Average St. Deviation 
Investment cost   
Fixed cost   
Project revenue 495.0 29.7 

 
 
 
Results from the simulation after 1000 iterations are displayed on figure 26. 
  

 

Figure 26: Simulation of NPV total cash flow at year 11 

According to the results from the simulation there is no risk of a negative NPV of total cash 
flow at year 11 with given input values. Minimum value for NPV is 592,1 KUSD, the 
maximum value is 1,181.3 KUSD and the average value is 871 KUSD. 

KUSD 
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Chapter 7 

7Conclusion 

In this project, a feasibility study has been conducted for the implementation of elemental 
analyzers and predictive analytics cloud platform from DTE at ISAL’s potroom. The 
feasibility study included modelling and an evaluation of ISAL’s current processes related to 
taking aluminum samples from pots, analyse the samples, and respond to the results, 
according to business process management methodology. Then the processes were 
redesigned so that the elemental analyzers, real-time analysis of the aluminum from the pots 
and predictive analytics cloud platform could be used in the most effective way. The 
feasibility study also includes a financial assessment of the implementation to evaluate 
whether the project is financially feasible for ISAL or not. A financial model was used to 
calculate the profitability of the project and a risk assessment was conducted.  
 
In the analysis and redesign of ISAL’s processes, KPI’s were used for comparison. The total 
cycle time for the sampling process, extra samples process and the process of analysing 
sample results would be reduced significantly with DTE’s technology, which results in lower 
employee cost for the processes. Internal quality of the processes mentioned would increase 
as well since the processes would be shorter and easier to carry out. The process for aluminum 
extraction planning would increase in internal quality as the reliability of the analysis results 
is higher. With DTE’s technology it is possible to save time, reduce manual errors and 
maximize value adding activities. The implementation would furthermore be a step towards 
industry 4.0. ISAL’s employees were overall positive towards DTE’s technology and said it 
would have a positive effect on their job.  
 
The results from the financial model indicate that the investment would be profitable for 
ISAL. The NPV, IRR and MIRR calculations along with financial ratios all returned a good 
outcome. In addition, the payback period is rather short, around one year. According to the 
profitability simulation, there is no risk that the project will not be profitable based on given 
assumptions, with an average of 871 KUSD for NPV at the end of year 11.  
 
ISAL can use this feasibility study to support its decision-making process for investing in 
DTE’s technology. Calculations for project revenue, investment cost and fixed cost can be 
updated if needed and the financial model can be re-run with new assumptions. If ISAL 
decides to invest in the equipment, then it is important that clear operating instructions are 
included and that job descriptions are updated for successful process implementation. It 
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would also be sensible to monitor the new processes to ensure that the implementation yields 
the intended results.  
 
The goal of the project was to analyse the feasibility of implementing DTE’s analyzers and 
analytics cloud platform at ISAL’s potroom. That has been accomplished by analysing and 
redesigning ISAL process and by using a financial model and risk analysis to evaluate the 
financial feasibility of the project. 
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8Appendix A  

Screen shots from the financial model are displayed in the following figures.  
 

 

Figure 27.A: Assumptions and results 

 

 

Figure 28.A: Investment 
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Figure 29.A: Operations 

 
 

 

Figure 30.A: Cash flow 
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Figure 31.A: Balance 

 

 

 
 

Figure 32.A: Profitability and financial ratios 

 

  

  

 

 



52
   

   

 


