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Introduction

Since the 1970’s we have seen continuous amperage increase from 180 kA to 600 kA. It is
considered that amperage increase allows reducing specific power consumption, unit capital
costs on the construction and labor costs on the maintenance as well as decreasing the harmful
emissions to the atmosphere.

The paper gives the results of the investigations related to the specific power consumption and
current efficiency based on data published in Light Metals for the period of 1984-2015. The
investment calculations related to the construction of an aluminium smelter are done while
varying parameters on specific power consumption, capital costs on construction, labor costs on
operation, discount rate and service life of the pots. The conclusions are made on the
substantiation of using high-amperage pots.

Keywords: High amperage smelters; economic analysis, capital cost.

1. Analysis of process parameters of the pre-bake anode pots based on publications
in Light Metals for the period of 1984-2015.

The history of electrolytic aluminium production that begins in 1886 with introduction of the
technology developed by Hall-Heroult, and with start-up of the first smelter based on this
technology in 1888 in Neuhausen, Switzerland, could be presented as road map of updating the
designs of aluminium pots. There are three types of the pots: pre-bake pots, vertical stud
Soderberg pots and horizontal stud Soderberg pots.

During the evolution of the pot design, the pre-bake pots turned out to be the most viable on the
basis of process, economic and environmental parameters. The common trend in the design of
prebake pots testifies that since 1970s and till 2015 continuous amperage increase has been
taking place in the pots from 180 kA to 600kA. Actually some developers propose to continue
the amperage increase to 700 kA and higher. Such trend of increasing the amperage in the
prebake pots is substantiated by the following main requirements:

1. Reduction in specific power consumption,
2. Reduction in unit capital costs on the potrooms construction,
3. Reduction in relative rates of harmful gas emissions to the atmosphere.

The construction of any primary aluminium smelter passes through the same stages: scientific
investigations, engineering, construction, commissioning and operation. Every stage forms its
own database that includes process parameters (specific power consumption, current efficiency,
emissions to the atmosphere), information about the costs on equipment, on construction of the
buildings and facilities as well as information about unit costs related to the aluminium smelter
construction.
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All these parameters that reflect the real data on the smelter construction are usually confidential
and as a rule they are not published in public media. Data that are published in commercial
overviews of some publishers and information providers like Aluminium-Verlag Marketing &
Kommunikation, Brook Hunt, CRU, Metal Bulletin, and others do not usually have any
references to the sources of the information and do not give any details that would be sufficient
to carry out any methodologically feasible comparative analysis of the achievements in
technological parameters and capital costs related to the construction of an aluminium smelter.
This does not allow analyzing documentary the technological and economic advantages of
introduction of high-amperage pots.

At the same time over the last 40 years the TMS conference has been publishing information
about pilot-industrial tests and industrial operation of aluminium pots. This information is
exposed as scientific articles with a certain evidence-based information format. The analysis of
the information, published in Light Metals, can have some features of interest as it allows
identifying the results achieved in the operation of aluminium pots. It is believed that the
reduction in specific power consumption is the most important factor in the trend of amperage
increase; due to this the Figure 1 gives the data on the specific power consumption by the pots
of different types. These data were published in Light Metals 1984-2015 [1-52].
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Figure 1. Specific power consumption by the pots of different types.

Based on this information it is possible to try to reveal certain relationships. For example,
Figure 2 summarizes data on specific power consumption by the pots with different amperage:
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up to 200 kA, from 200 to 300 kA and over 300 kA. Lines on Figure 2 represent the linear
approximation convenient for the visualization of common conformity and for its perception. It
could be seen that during the period of 1985-2014 the pots with any amperage tended reduce
specific power consumption from 14500 kWh/t to 13000 kWh/t.
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Figure 2. Specific power consumption by the pots with different amperage.

Figure 3 shows the excerpts related to the specific power consumption for the pots that were
developed by Pechiney, Hydro, GAMI, SAMI and are in operation in different smelters in the
world. These companies were dealing to the fullest extent with the development of high-
amperage pots, their testing and industrial implementation. This demonstrates that the major
leader in the development of technologies for the pre-bake anode pots — Pechiney - has factual
data on specific power consumption that varies within the range from 12 700 kWh/n to 13 000
kWh/t.

It is interesting to notice how companies GAMI and SAMI entered the world competition for
the reduction in specific power consumption, and if some very equivocal data for the expert
assessment are excluded, then nevertheless the result that best reflects the achievements is 13
000 kWh/t.

Figure 4 shows the average power consumption by pots of different types (i.e. pots with
different amperage and from different companies) by stages of their introduction from 1985 to
2014.
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Figure 3. Power consumption by different pots.

kWh/t
15000

14500
14000 '“‘wu.u.{ o
13500 '““~mmh_m_wﬁ - * o

13000 . . PR
12500

12000
1985 1930 1955 2000 2005 2010 2015

Figure 4. Average values of power consumption by pots of different types.

The polynomial approximation shows that during the period of 1985 - 2014 the reduction of
specific power consumption from 14 200 to 12 613 kWh/t was achieved. Figure 5 gives data,
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published in Light Metals for the period of 1984-2015. There is concrete source of information
in the Light Metals papers to which the every point on the figure corresponds.
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Figure 5. Current efficiency in pots of different types.

Figure 6 shows the excerpts related to the current efficiency for the pots that were developed by
Pechiney, Hydro, GAMI, and are in operation at different smelters in the world.
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Figure 6. Current efficiency in pots of different types.
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Figure 7 shows average values of current efficiency for the pots being in operation in different
smelters in the world.
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Figure 7. Average values of current efficiency for the pots of different types.

Current efficiency could be considered as convenient indicator of the advantages in operating
the aluminium pots. Data from Figure 7 more likely characterize the fact that the current
efficiency increases with time in pots of any amperage as during 40-year period obvious
positive results were achieved due to the implementation of acid electrolytes, automatic alumina
feeding systems, automated control systems, new lining and cathode materials and many other
design innovations. For sure, current efficiency determines, in a great measure, the costs on
aluminium production. Under the conditions of permanence of other process parameters the
increase of current efficiency provides the increase in productivity of the pot and the respective
reduction of consumption rates. However, the direct comparison of current efficiencies in pots
of different types would not necessarily reflect the relationship of operation costs. For example,
the pot that due to its design operates with high anode — cathode distance, could have a higher
current efficiency, but this advantage can be neutralized by high electric power consumption.
Therefore, current efficiency is not always suitable parameter to be used in investment

calculations.
2. Investment calculations related to the construction of high amperage aluminium
smelters

Light Metals data, shown on Figures 1 - 7 could be used when analyzing financial-and-
economic indices of investment projects of the construction of high amperage aluminium
smelters.

To fulfill these calculations it is necessary to define benchmarks to be put into the calculations.
To the authors mind, following values could be used as benchmarks:
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Unit capital costs on the construction of greenfield smelter — 5000 USD/t;
Sale price of primary aluminium — 2200 USD/t;

Total cost of primary aluminium — 1520 USD/t;

Specific power consumption — 13000 kWh/t;

Unit labor costs — 140 USD/t;

Service life of the pots — 6 years;

Discount rate — 8 %.

Nk W=

Based on benchmarks and data obtained with respect to specific power consumption it is
possible to carry out the investment research and define, e.g., the cumulative cashflow for the
construction of aluminium smelter with capacity of 500 000 t/a primary aluminium (Figure 8).

From Figure 8 it is possible to define how the payback period (PP), internal rate of return (IRR),
net present value (NPV) vary in the cases when the specific power consumption changes from
12 000 kWh/t to 14 000 kWh/t primary aluminium; the payback period being changed from 9.5
years (at 12 000 kWh/t) to 10.2 years (at 14 000 kWh/t).
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Figure 8. Cumulative discounted cashflow for the construction of aluminium smelter with
capacity of 500 000 t/a primary aluminium.

Similar investment calculations could be done for the cases when unit capital costs on the
aluminium smelter construction, unit labor costs on the primary aluminium production, discount

rates and service life of the pots vary. The results of calculations are given in Table 1.

Table 1. Results of investment calculations.

NPV o PP DPP
Ne Parameter Value (MUSD) IRR, % (years) | (years)
1 Power consumption (kWh/t) | 12000 1032 12.9 9.5 13.7
1.1 12500 958 12.5 9.7 14.1
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NPV PP DPP
Ne Parameter Value (MUSD) IRR, % (years) | (years)
12. 13000 883 122 9.9 145
13. 13500 808 11.9 10.0 15.0
14, 14000 734 115 102 155
2 4500 1112 13.8 9.1 12.7
21, 4750 997 12.9 9.5 136
2.2. | Capital costs (USD/t) 5000 883 122 9.9 14.5
23. 5250 769 115 10.2 155
24, 5500 654 10.9 10.6 16.7
3 120 976 126 9.6 14.0
31, 130 930 124 9.7 142
3.2. | Labor costs (USD//t) 140 883 122 9.9 14.5
33, 150 836 12.0 10.0 148
3.4, 160 790 11.8 10.1 151
4 6% 1539 122 9.9 12.7
41, 7% 1186 122 9.9 135
4.2. | Discount rate (%) 8% 883 12.2 9.9 14.5
43 9% 622 122 9.9 15.8
44 10% 397 122 9.9 174
5 4 697 114 103 158
5.1. 5 808 11.9 10.0 15.0
5.0, | Service life of the pots 6 833 122 9.9 145
53, | ears) 7 936 12.4 9.7 142
5.4, 8 976 12.6 9.6 14.0

The publications in Light Metals do not give any value on which the capital costs on aluminium
pots construction are reduced when changing the amperage. Some publications declare the
reduction of capital costs but do not give any concrete data. It would be interesting to know how
the unit capital costs would reduce when changing over from 300kA pots to 400kA pots or at
any other change of the amperage. The specialists know well that when changing the amperage
the length of potroom decreases, the quantity of lining materials and steel structures for the pots
and their costs reduce as well as the costs of automation systems, fume treatment plants etc. In
any case the total reduction in unit and capital costs while changing the amperage could vary on
10 — 20 % from benchmark value.

When changing over to the higher value of the amperage the labor costs would naturally
decrease as the operation efficiency of pot tending machines, automated alumina feeding and
centralized distribution systems increases and the specific consumption of raw material
(alumina, fluorides and anodes) tends to reduce. These variations could occur within the range
of 25% or 12.5 % from the benchmark of unit labor costs. Table 1 shows that this fact leads to
the change in DPP from 14 years (at the rate of 120 USD/t) to 15.1 years (at the rate of 160
USD/).

Table 1 illustrates also the impact of pot service life and discount rate on investment
performance data.

Figure 9 gives the results of the cumulative cashflow calculation while modifying parameters of
groups 1-3 in Table 1 that reflect the changes in specific power consumption, unit capital and
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labor costs. These data reflect the range of variations in DPP from 12 to 15 years when

modifying the power consumption by 500 kWh/t, capital costs by 250 USD/t and labor costs by
10 USD/t.
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Figure 9. Cumulative discounted cashflow for the construction of aluminium smelter with
capacity of 500,000 t/a of primary aluminium.
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Figure 10. Cumulative discounted cashflow for the construction of aluminium smelter
with capacity of 500,000 t/a of primary aluminium
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Figure 10 gives the results of the cumulative cashflow calculation while modifying parameters
of groups 4-5 in Table 1 that reflect the changes in discount rate and pot service life. These data
reflect the range of the variations in DPP from 12 to 15 years when modifying the discount rate
by 1 % and the pot service life by 1 year.

The comparison of DPP variation ranges on Figures 9 and 10 allows concluding that within the
indicated ranges of variations the combined impact of such indices like power consumption,
capital costs and labor costs is practically equivalent to the combined impact of such indices like
discount rate and pot service life.

This conclusion could be interpreted in other words: the increase of the pot amperage should
lead to the investment profit due to the reduction in specific power consumption, capital costs
and labor costs. The increase in discount rate will deteriorate the investment attractiveness of
the project. In addition the increase in amperage will inevitably result in the reduction of
average service life of the pots. So, the amelioration of the investment attractiveness by
technical-and-economic improvements could be compromised by equal deterioration due to the
increase of discount rate and decrease of service life of the pots.

3. Concluding remarks

The investment calculations are usually based on modelling pre-requisites. If public media
would publish the information on cost estimates related to the capital construction of aluminium
smelters, calculations of production costs (estimates), information about production parameters
of the potrooms (current efficiency, specific power consumption, raw material consumption
parameters) and more especially, data on average service life of the pots that are an integrating
indicator of the technology level, it would be easy to carry out investment calculations and to
show the efficiency of aluminium smelters construction while changing over from the lower
amperage to the higher one. Unfortunately, all this information belongs to the category of
confidential information. Any protection of information is always suspicious, first of all, for
investors. It appears that over the period of 40 years the community of aluminium industry
specialists was declaring the technical profitability of high-amperage smelters construction,
forcing the investors to believe in declarable profit resulted from the reduction in the specific
power consumption and in capital costs. At the same time the community was doing the best to
hide the fact that in case of average pot service life decrease all parameters would decline
(aluminium grade, specific power consumption), the consumption of fluorides and alumina
would increase, the costs on capital repair of the pots would grow and, which is the most
important, the losses would grow because of the downtime of the pots being under capital
repair.

Specialists know very well the facts reported about potlines equipped with 180 kA pots that
were in operation during 30 years even though their average service life was foreseen for 9 - 12
years. At the same time there are already enough examples of that the average service life of
300-400 kA pots hardly achieves 5 years. These data are not officially published but the
parameter of average service life together with the fact that the value of dollar has been reduced
by the factor of seven during the period from 1970 to 2014 because of inflation; neutralize the
investment attractiveness of high-amperage aluminium smelters.

4. Conclusion

The development of the technology for the production of aluminium using the high-amperage
pots does not demonstrate any obvious investment advantages for building aluminium smelters.
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