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Abstract

This article aims to present a specific success case in a cold 
roll mill application in the steel industry. To achieve that goal, 
reliable methodology was used to determine the energy benefits, 
proving that it is possible to implement energy conservation 
measurements in motor-powered systems and to map the 
main process variables that influence energy consumption. The 
reduction of energy consumption and a positive financial result 
were accomplished by changing the lubricant, mineral oil, for 
a special lubricant. The result reached was 4.1 % less energy 
consumed with a payback of 20 months and the additional 
operational benefit of a reduction of the oil temperature by 15 °C, 
which allowed the operators to increase the production speed. 

1. Introduction

The objective is to show results obtained in a steel rolling mill, 
demonstrating the achievement of energy savings through the 
substitution of mineral oils, as are currently widely used in the 
industry in most applications, by synthetic oils, evidencing the 
financial viability of the use of a seemingly more costly solution 

coupled with other mechanical benefits increasing the return. The 
operational and mechanical improvement may even become a 
better argument than the energy efficiency itself.

The theoretical argument is that a high performance special 
synthetic lubricant from Klüber Lubrication increases the load 
bearing capacity and efficiency of a machine or a set of gears due 
to the lower coefficient of friction.

When using an oil with a lower coefficient of friction, almost half 
of the conventional mineral oils, the synthetic lubricant PAO 
(polyalphaolefin) and PG (polyglycol) oils have the capacity to 
increase mechanical efficiency, which theoretically results in lower 
energy consumption due to lower loses caused by friction.

To validate this theoretical argument, measurements and 
methodologies were adopted following the International 
Measurement and Verification Protocol (IPMVP- EVO 10000 - 1: 
2018), which is recognized by main international organizations. 
The trial was conducted in a steel plant in Brazil and results were 
confirmed by the technical sector of that company. 

The greatest motivation for this study and the application of our 
proposal is the fact that according to a 2018 IEA (International 
Energy Association) report, on average more than 60 % of the 
energy consumption of the equipment in the industry comes 
from electrical motors. These motors drive air compressors, 
machines moved by geared motors (rolling mills have the biggest 
electrical motors in a steel plant that drive gearboxes), chains that 
continuously move material during the manufacturing process. 
As a rule, the application of lubricants is required. Following 
the concept of replacing mineral oil based lubricant in these 
machines, at least a 4 % reduction of electricity consumption can 
be reached.

The equipment we discuss in this article is of great relevance in 
the use of lubricants and is responsible for 80 % of the energy 
consumption of the plant.

The retrofit and measurements were carried out at the ArcelorMittal 
(AM) Vega in São Francisco do Sul, Brazil, and the processing of 
the data obtained was done at Klüber Lubrication in Brazil.

Figure 1. Friction Coefficients for Base Oils



2. Project Details

The measurements to determine the variables involved in the 
quantification of results were performed directly on the selected 
equipment. In addition to the measurement of the energy 
consumed, the production output of the equipment was taken 
into account to determine the specific consumption (kWh/ton). 
It is imperative to consider that there are other variables with 
a strong influence on energy consumption such as production 
process conditions, electrical and mechanical interventions. 
For comparison accuracy, all these variables and conditions 
must be the same in the baseline (mineral oil lubricant) and 
post-retrofit (Klüber Lubrication synthetic lubricant) periods. 
The measurement limit to assert the results is restricted to 
the powertrain equipment involved, through the continuous 
measurement of the energy consumed by it, the production of 
the equipment and other variables of influence.

Cold rolling mill OEM: SMS -DEMAG

Number of Gearboxes 4 to drive the Mills + 2 Coilers

Oil Sump Volume
(centralized system)

25,000 liters

Electrical Power
(nominal of all motors)

27,000 kW

Oil in use (Baseline) Mineral ISO VG 320
Temperature of Operation: 80 °C

New oil replaced
(PAO basis)

Klübersynth GEM 4-320
Temperature of Operation: 65 °C

Table 1. Equipment information and products used

• Baseline (Mineral oil: 01/Jan to 31/May/2019
• Retrofit (Oil Change): 09/Jun/2019
• Post – retrofit (Synthetic Oil): 16/Jun to 15/Nov/2019

The variables analyzed with high influence on the energy  
consumption were:

• Electric Motor Power (kW) per stand;
• Oil temperature (ºC)
• Oil flow (7 bar – 1036 liters / min)
• Speed (stands # 1, # 2,  #3 and #4)
• Production (ton / hour)
• Product (bar code)
• Thickness between stands;
• Cross section (thickness x widh)

• Time of production of coil
• Torque
• Weight of the steel coil

39 product codes representing 85 % of the portfolio produced 
in volume (tons) manufactured were analyzed.

2.1. Methodology used

The measurements to determine the variables involved in the 
quantification of the results were carried out in the field, for 
each lubricant, directly at the installation site, using data from 
AM Vega’s data base systems. The measurements were made 
with the duration interval of 10 seconds of rolling of each coil 
and analyzed the same way.This data base was used to com-
pare the power consumption profile of the main motors after 
the change from mineral oil to synthetic oil, this period is called 
post-retrofit. The baseline and post-retrofit measurement period 
was 150 days each. 

In order to carry out the energy efficiency assessment of the oil 
replacement of the centralized lubrication system, it is neces-
sary to build a model of energy consumption for the equipment 
responsible for the rolling power. For this, a set of equipment 
and production variables with mineral oil was first collected to 
build and validate a mathematical model. 

Due to the high number of variables with influence, the com-
plexity level for comparison was high. To solve this, a mathe-
matic model was built, so a comparison with a high level of 
accuracy could be performed. The coefficient of precision found 
for this model was 0.997 (or 99.7 %).

With this, it was possible to predict the power consumed when 
data of the production was given (the independent variables).

Returning to the mill, we have a dependent variable, which is 
the Power for each roll and 24 more independent or explana-
tory variables. In this case the regression analysis is widely used 
as a descriptive method of data analysis without requiring any 
assumptions about the processes and other variable influences 
that allowed the data to be generated. The baseline was repre-
sented by a function / mathematical model that describes the 
efficiency of the Power unit and determined through regression 
analysis as a function of the variables X, Y, Z, up to N:

Power = f (X, Y, Z, …N)     (1)



Once the coefficients for each independent variable were deter-
mined, it was possible to predict what the value of the depen-
dent variable would be for any value read / known, respecting 
the limits where these values were obtained. With this, one can 
explain the phenomenon observed in a single mathematical 
equation, applying the coefficients. We can explain, or rather 
predict the value of the power for the baseline with only one 
equation.

Powert = V1txCoef1 + V2txCoef2 + … + VntxCoefn (2)

These coefficients multiplied the values read for each coil / line / 
instant from the database to the corresponding “Channel” 
(independent variable) in the other periods, respecting the limits 
of “minimum and maximum values as well as the validation con-
ditions”. With this, it was possible to make the “prediction” of 
what the value of the “Total Power” of the current period would 
be for each coil, with no need to measure this variable, just 
perform a calculation. With this method, after changing the oil 
to Klüber Lubrication’s oil, it was possible to say “what would 
have been the power read using Mineral oil if the change had 
not been performed”.

This procedure was repeated for each stand (#1 to #4), re-
specting their own boundary measurement, in order to confirm 
the accuracy and results.

Table 2. Coefficients for Mill #2

Figure 2. Accuracy of Model (green line)

In the comparison between the averages, the error was 4.82 kW 
or 0.064 % of deviation, using a determination coefficient (R2) 
equal to 0.997. Applying student’s t-test, a result with 99 % of 
confidence compared to the means was achieved.

Because of the high number of product codes and repetition 
of the analysis, a software called EES was developed using the 
algorithm proposed to do the calculations and comparisons for 
each case “Product Code and # of Stand” separately. 

The accuracy of the results stayed high, with 99 % of confiden-
ce, and determination coefficients (R²), above 0.9, for every 
calculation executed.
 

3. Results and Discussion

Using the methodology defined and described in item 2.1, a 
comparison was made between the data measured in the Post 
Retrofit and in the Baseline. It was possible to see graphically 
the “before” x “after” (black line is mineral oil, orange line is 
Klüber Lubrication’s oil) perceiving differences in Power under 
exactly same conditions / values for all variables during post 
retrofit period.

The first result shown below is a dashboard of EES for “all 
stands and all products”, the result achieved was 4.1 % savings 
or 570.08 kW less power demand in absolute value.



Figure 3. Results from software EES (all products & all stands) 

For the calculation of each stand separately, a similar procedure 
was followed, resulting in savings of 4.06 % in weight average 
or 564.32 kW.

All products Analysis Power Reduction Savings 

Rolling stand #1 140.99 kW 5.183 %

Rolling stand #2 182.87 kW 4.021 %

Rolling stand#3 189.00 kW 4.419 %

Rolling stand #4 51.46 kW 2.188 %

Total 564.32 kW 4.06 %

Table 3. Results for each rolling stand 

Another analysis was made for all products and for each stand 
(#1 to #4) so that the comparison would also take into account 
the hardness and other physical properties of each product 
under the same process conditions.

Figure 4. Results from software EES in each stand.

A procedure was also made for each product code separately, 
the results are summarized in the table below. The average was 
a reduction of 589.0 KW or 3.85 %. Because of the large num-
ber of products (many rows), this table is available in png file to 
give more details for readers.

Table 3. Results for all products and each Roll Mill 



The methodology of analyzing “each stand & each product” 
presents greater detail, as it analyzes each stand considering the 
interference within the set between each mill and by separate 
products, technically the most accurate result because it involves 
more variables in the analysis. With this methodology the result 
was savings of 573.52 kW or 4.101 %. 

As the product codes portfolio was very similar for both periods, 
we can assume that it’s not necessary to analyze them separately, 
decreasing a lot the efforts and time for the next projects. The 
confirmation for this was obtained after doing a student’s t-test 
with confirmed independence of the samples and accuracy of 
results with 99 % of confidence.

3.1. Financial analysis

Financial analysis found a payback of 20 months, that is a very 
attractive investment with fast return.

Figure 5. T-test results ran in SPSS Statistics Software

Out of conservatism and to increase the reliability (repetition), for 
financial evaluation the lowest absolute value verified (in kW) will 
be adopted as the final result of the analysis, this was the one 
with the methodology by product with all rolling mills.

Result Adopted: Average reduction of 564.32 kW or 4.06 %

This result was achieved using same methodology in different 
ways of process in order to do a cross check and confirm the size 
order of the saving verified. The statistical analysis (t-test) also can 
be used in the simplest way to reach the final results.

The more detailed analysis, using all variables of the process, 
eliminates all doubts about the comparison in same conditions, 
despite the big variation among them. 

Figure 6. Financial analysis of the savings achieved 

It is important to consider also the sustainability benefits. The use 
of synthetic oils manufactured by Klüber Lubrication enabled the 
mill line, with comparable volume of steel produced, to significant-
ly reduce its CO2 emissions.

Figure 6. Sustainable benefits consolidated in kWh eq. 
(Brazilian carbon conversion: 1 MWh = 96 kg CO2)

It is important to consider also the sustainability benefits. The use 
of synthetic oils manufactured



4. Conclusion

The result of a 4.1 % reduction of energy consumption in a rolling 
mill represents a financial benefit that should not be ignored by 
companies that seek to increase energy efficiency in their proces-
ses and shows that the practice of adopting high performance 
synthetic lubricants is a very good alternative among the energy 
efficiency solutions available.

This concept can be applied to any other gearbox with the same 
benefit, but in different orders of magnitude. In the steel industry, 
in which its machines work with peak loads closer to the nominal 
capacity, the result of replications could be even better.

It should be emphasized that financial gain with energy could 
be secondary for the company, since in many cases, the gain in 
productivity turns out to be far more relevant.

In addition to the financial benefits with the reduction of specific 
consumption there are other operational benefits obtained with 
the reduction of friction:

• Increased efficiency of gear pairs
• Less wear of gear pairs, less maintenance costs
• Increased efficiency through better agitation of the oil
• Reduced operating temperature
• Increased lubricant life (5 times longer than mineral oil)
• Greater oxidation stability, less waste in the tank
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