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Abstract: The improvement of energy efficiency, which is the desired effect of pro-efficiency 
measures, is defined by determining the amount of energy savings as the impact of the 
effectively realised actions. Properly defined energy savings are the essential management 
information that, correctly used, can increase the value of the company as the knowledge 
about the effects of the decisions made. The proper definition of saving requires understanding 
of what it is because, without it, there is no chance for its correct determination, which makes 
the whole work worthless. The article aims to present the method used in KGHM Polska 
Miedź S.A. of properly implementing energy savings and the computer software used for 
this purpose. The method is based on the statistical modelling of energy use supported by 
a tool initially used for statistical process control. The described method applies not only to 
individual pro-efficiency activities or simple technological processes, but also to complex 
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business processes, and the software is easy to use and in the described version, free of charge. 
The implementation of the described solution enables obtaining high-quality management 
information quickly and at a moderate cost.

Keywords: ISO 50001, EnMS, energy savings, statistic modelling, energy performance.

Streszczenie: Poprawę efektywności energetycznej, będącą pożądanym efektem działań 
proefektywnościowych, stwierdza się, określając wielkość uzyskanej dzięki tym działaniom 
oszczędności energii. Prawidłowo określona oszczędność energii jest kluczową informacją 
zarządczą, której odpowiednie wykorzystanie pozwala podnosić wartość przedsiębiorstwa 
dzięki wiedzy o efektach podjętych decyzji. Właściwe określenie oszczędności wymaga zro-
zumienia, czym ona jest, bez tego bowiem nie ma mowy o jej prawidłowym wyznaczeniu, 
co czyni jej określanie bezwartościowym. Celem artykułu jest zaprezentowanie wykorzysty-
wanej w KGHM Polska Miedź SA metody prawidłowego wyznaczania oszczędności energii 
i używanego w tym celu programu komputerowego. Metoda bazuje na modelowaniu sta-
tystycznym zużycia energii wspieranym narzędziem pierwotnie wykorzystywanym do sta-
tystycznej kontroli procesów. Opisana metoda ma zastosowanie nie tylko do pojedynczych 
działań proefektywnościowych czy prostych procesów technologicznych, ale i do złożonych 
procesów biznesowych, wykorzystywany program jest łatwy zaś w użyciu i w opisywanej 
wersji bezpłatny. Wdrożenie opisywanego rozwiązania umożliwia uzyskanie wysokiej jako-
ści informacji zarządczej szybko i umiarkowanym kosztem.

Słowa kluczowe: ISO 50001, oszczędność energii, modelowanie statystyczne, efektywność 
energetyczna. 

1.	 Introduction

The European Union is dependent on energy imports. In 2018 the EU countries 
imported over half (58.2%) of the consumed energy (Eurostat, 2020). This situation 
is not optimal and even dangerous for the EU’s energy security, hence the Energy 
Union was established, which developed a strategy to provide consumers with safe 
and competitive access to sustainably produced energy (European Commission, 
2015). The plan sets out measures to increase energy security, stability and 
competitiveness in the EU by reducing the demand for energy and energy 
consumption. The way to achieve these goals is to improve the broadly understood 
energy efficiency of energy-consuming processes. To do this, the Directive of the 
European Parliament and the EU Council on energy efficiency specifies the 
obligation for EU member states to take actions aimed at achieving specific energy 
savings in the period 2021-2030 (Directive (EU), 2018). This obligation, concerning 
the period 2014-2020, was earlier defined in the Directive of the European Parliament 
and the EU Council on energy efficiency (Directive (EU), 2012). Based on this 
Directive, the Poland undertook to fulfil it in part by establishing the Energy 
Efficiency Act (Ustawa…, 2016). The EU recommendation, defined in 2019, 
transposed the obligation to achieve savings specified in the Directive (Directive 
(EU), 2018) to the EU Member States (Commission Recommendation (EU), 2019). 
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This obligation has to be fulfilled by pro-efficiency actions that should be taken 
when the national executive act (Energy Efficiency Act) will be actualised.

The companies covered by the obligation regularly undertake many pro-
efficiency measures, however the fundamental technical problem is to determine 
the amount of savings achieved by them. This problem can be broken down into two 
issues:
•• How to record the savings reached concerning the planned savings?
•• How to define actual energy savings – in the meaning specified in the Directive 

(Directive (EU), 2018)?
The answer to the first question is simple – the savings are estimated and then 

measured concerning a precisely defined business, technological or process area. 
The answer to the second question requires understanding the concept of ‘saving’ 
and conducting a complex analysis. Without IT support this task is very laborious.

The purpose of this article is to present how the use of commonly available 
software (MS Excel and RETScreen) can solve a defined problem relatively quickly 
and with moderate effort. The way in which the issue is presented is clarifying 
the term ’energy saving’ and then showing the process of data analysis leading 
to the establishment of energy saving and preparing information valuable in the 
management process.

2.	 Process of energy consumption data analysis 

2.1.	 Energy saving

The term energy saving is defined as “an amount of saved energy determined by 
measuring and/or estimating consumption before and after implementation of an 
energy efficiency improvement measure, whilst ensuring normalisation for external 
conditions that affect energy consumption” (Directive (EU), 2012, art.2.5). This 
approach is reflected in the international standards where the energy-saving is defined 
as “the reduction of energy consumption following implementation of an energy 
performance improvement action” (ISO/IEC 13273-1, 2015, 3.3.9) or by specifying 
the method of its determination: “the reduction of energy consumption compared to 
an energy baseline” (ISO 17743, 2016, 3.8) with the note “Energy savings may be 
the result of the implementation of an action(s)”. The critical issue in the proper 
determining of the energy saving is correctly designating “the energy baseline” that 
is defined as “the quantitative reference(s) providing a basis for a comparison of 
energy performance” (ISO 17741, 2016, 3.4; ISO 50001, 2018, 3.4.7; ISO 50046, 
2019, 3.6).

To fully understand what “energy saving” is and how to determine it, the above 
definitions can be used to create one complex and consistent with them as follows: 

“Energy saving is the reduction of energy consumption, following the 
implementation of energy performance improvement activities. Energy saving is 
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determined by comparing energy consumption measured after the implementation 
of the improvement activities to the energy baseline. The energy baseline is the 
estimated energy that would be consumed if the improvement activities had not 
been implemented. Energy consumption is measured and estimated in the same 
conditions”.

This definition means that the comparisons of measured and estimated energy 
consumption have to be done in the same standard period.

In most cases energy saving is understood intuitively as the simple difference 
between energy consumption in two, usually consecutive periods of the same duration. 
That approach works well in simple cases, related to the short-lived replacement 
of energy-intensive equipment with the energy-saving one. This approach, based 
on comparing energy consumption in different periods, is suggested in European 
standards (e.g. EN 16212, 2012; EN 16247, 2012), international standards (e.g. ISO 
17741, 2016; ISO 17743, 2016; ISO 50001, 2018; ISO 50006, 2015; ISO 50047, 2016) 
and in many guides (such as: BMU, 2012; Cosenza et al., 2018; Howell, 2014; Lycken, 
Nilsson, Olsson, Diederichs, Welling, & Guennec, 2015; UNIDO, 2015). It works 
well when conditions affecting energy consumption do not change in the considered 
periods. However, if they do change, the effect of the determination of energy 
saving can be dramatically incorrect, leading to a completely wrong decision. In the 
case of complex business processes, which integrates numerous sub-processes, the 
simplified approach will give the appropriate result only by chance. 

Energy consumption is quantitative information, only answering the question 
“how much?” and not any other, such as “is that good?”. On having quantitative 
information, the managers can then decide to obtain more significant, the same or 
lesser energy consumption, but they will never know if that decision led to improving 
energy management.

The achieved energy saving is the qualitative information that answers the 
question “how good is it” – is it good, acceptable or poor? The manager who is 
looking for advice to assess whether the decision was right in improving energy 
management, must rely on qualitative information. This issue makes determining 
appropriate energy-saving crucial for effective managing. 

The task of the appropriate determining of energy saving on any requested 
organisational and business level can be done in Microsoft Excel. In KGHM, 
Microsoft Excel and the RETScreen Plus are used to make all the process more 
convenient to conduct. RETScreen Plus is a data analysis software used in the data 
analysis process and is described in the next chapter.

2.2.	 Energy saving determine software

Nowadays in the market, there is a wide choice of energy management software 
(EMS) – see Table 1.
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Table 1. Examples of Energy Management Software

Software by developer Website
The EnergyCAP Software Solution  
by EnergyCAP, Inc.

https://www.energycap.com/software

EcoStruxure Power by Shneider Electric https://www.se.com/us/en/work/solutions/power-and-e-
nergy-management-solutions/

eSight° Software by Esightenergy https://www.esightenergy.com/
HARA-Vx Observe by Accruent https://www.accruent.com/solutions/energy-sustainabili-

ty-management/energy-management-vs-observe
Siemens' Energy Efficiency Analytics 
(EEA) by Siemens

https://new.siemens.com/global/ren/products/energy/
energy-automation-and-smart-grid/grid-edge-software/
eea.html

Wattics by Wattics http://www.wattics.com/
Entronix Energy Management Platform 
by Entronics

 http://entronix.io

Eniscope by Best.Energy https://bestenergy/
Portal by Emaze http://www.eportal.eu/en/
Energis. Cloud by Energis SA/NV https://communication.energis.c1oud/energis-cloud-mo-

nitor-and-optimise-energy-performance-thermal-comfor-
t-0?utmchannel=capterra

Energy Elephant by Energy Elephant Ltd. https://energyelephant.com/?capterra_utm_source=cap-
terra

etap by Electrical Power System Analysis 
& Operation Software

https://etap.com/packages/energymanagemen-
t-system?httpsetapcomdemo-dow=capterra

DEXMA by DEXMA https://get.dexma.com/the-fastest-growing-energy-mana-
gement-software-in-the-market?directory=capterra

EnergyLogicIQ by LogicLadder  
Technologies

http://www.logicladder.com/ 

Source: own study.

That software (and similar ones) has many functions. It can collect data (often 
with SCADA functionalities), effectively use the data (to monitor, target and 
reduce energy consumption), identify energy-saving potential, deliver actionable 
information (to plan the actions and projects) and much more. The software provides 
a complex solution for comprehensive energy management, it does not require clients 
to have knowledge about energy management, and it is expensive. Those users who 
have adequate knowledge and skills look for easy to use and cheap tools to support 
them in one task: determining the achieved energy saving. The paper presents the 
method of how to achieve this.

2.3.	 Data analysis process placed in KGHM

The purpose of the data analysis process is to deliver value in decision process 
information based on facts. The workflow of the process is depicted in Fig. 1.
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Fig. 1. Data analysis workflow

Source: own study.

During the preparation stage, the raw data (from SCADA or ERP systems) 
are imported to MS Excel in order for them to meet the RETScreen input data 
specification. The next step is importing data to RETScreen and making the 
necessary corrections of the data.

The second stage, analysis, begin with the creating the energy-use model 
based on all historical data using the multiple regression method (IPMVP, 2012; 
Syska, 2014). The analytical representation of the model is an equation one can use 
to generate the first energy baseline (EnB-1). The practical usefulness of the first 
energy use model is indefinite. The created model assesses with use of the CUSUM 
methodology (Greber, 2005), to confirm a known or find an unknown reference 
period that reflects the laminar process sequence.

After identifying the reference period, the study created the reference energy-use 
model to develop the second energy baseline (EnB-2). If the quality of the reference 
energy use model is adequate, which means it is usable in practice, one can deliver 
the correct energy baseline and the standard error of estimation. The thus created 
EnB-2 data are exported to MS Excel to make the final calculation of energy saving. 
In this stage, the tables and charts are created for the purpose of presenting the 
results of analysis in an unequivocal way, easy to understand and use.
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2.4.	 Validation of the energy use model

The energy-saving determining process will produce an appropriate result only if 
the reference period is found, what is not easy in complex business processes. The 
reference period was the time range when the analysed process was undisturbed, 
free from episodes related to the occurrence of one of a kind, unusual circumstances 
(as e.g. the replacement of the energy-intensive equipment with the energy-saving 
one). The evaluation of whether the found period is the reference, was judged with 
five evaluation criteria: two quantitative, based on regression results, and three 
qualitative, based on the CUSUM chart.

The first quantitative criterion is the coefficient of multiple determination 
(R-squared, R2) which reflects the quality of the variables match in a linear regression 
model (Cheng, Shalabh, & Garg, 2012) showing how much (in %) the independent 
variables are responsible for the variability of the dependent variable. It is essential 
to be aware that the R-squared coefficient describes the level of covariance not a 
cause and effect relationship, which need to be evaluated as a separate activity. 

The second quantitative criterion is the standard error of the estimate. The study 
used it to evaluate subsequent iterations of the energy use model to find the one with 
the relatively minimal error.

The qualitative evaluation take place on the subjective expert’s assessment of the 
cumulative sum (CUSUM) chart “which plots the cumulative sums of deviations of 
the sample values of a quality” (Koshti, 2011). The CUSUM chart can help detect 
a disturbance in the process by aggregating small continuous shifts of the process 
parameter between the real and predicted values as described in (Farkas, 2016; Lin 
Keogh, & Lonardi, 2005; Świecicki & Tautkut ė, 2012). To evaluate if the energy use 
model was built on the reference period, three qualitative criteria were used:

a) minimal (best option: none) variability of the process,
b) minimal (best choice: none) alternating of the process,
c) the same trend CUSUM chart in the reference and the reporting period.
The creation process of the reference energy use model is iterative, so an easy to 

use supporting tool is vital to minimise the labour intensity of this task. 

3.	 Software used in the energy-saving determining process

3.1.	 RETScreen® software

RETScreen® is the application used from 1998 by the Ministry of Natural Resources 
of Canada to create and validate clean energy projects (Government of Canada, 
2020). It is a decision support tool designed to make complex economic and 
environmental assessment projects aimed at acquiring renewable energy or 
improving the broadly understood energy efficiency.

Currently the software is available in 36 languages, has over 675 thousand 
registered users and its use helped to save over 8 billion USD by 2016 (Copenhagen 



134	 Mariusz Sangórski, Arkadiusz Wierzbic   

Centre of Energy Efficiency, 2020; Open Energy Information, 2020). The significant 
advantage of this software, apart from the relative ease of use, is that up to version 
5.0 it was made available free of charge. Nowadays the officially available version of 
RETScreen Expert is available free of charge only in the ‘viewer mode’ version, but 
its functionality, compared to the free versions, has significantly increased. For the 
tasks realised in KGHM, the older version of RETScreen Plus is used as sufficient 
to perform the changes faced by those involved in the preparation of management 
information.

3.2.	 RETScreen main functionality

The primary functions of RETScreen Plus are illustrated in Figure 2 (Natural 
Resources Canada, 2005).

Fig. 2. Functional model of RETScreen software

Source: RETScreen® Software Online User Manual (NRC, 2005).

The first module (Energy Model) allows to build an energy use model, which 
is used to determine the amount of achievable savings resulting from the project 
implementation, that is the subject of the analysis performed in RETScreen.

The second module (Cost Analysis) enables the preparation of an economic 
assessment of the project.

The third module (GHG Analysis) enables an analysis of the profitability of a 
project from the perspective of reducing greenhouse gas emissions, which should 
be a natural consequence of the implementation of the project under consideration.
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The fourth module (Financial Summary) presents the complete set of financial 
information required for the business assessment of the profitability of the project.

The fifth module (Sensitivity & Risk Analysis) makes it possible to conduct 
a risk and sensitivity analysis of the profitability of a project in response to the 
considered variability of the factors determining its profitability.

The RETScreen software also includes an online user manual and two additional 
modules supporting the process of evaluating a pro-efficiency project:
•• a module for downloading weather data necessary for some analysis,
•• a module containing editable data of elements and devices available on the 

market, used in pro-efficiency projects.

3.3.	 RETScreen functionality used in the energy-saving determining process

The software functionality used in KGHM Polska Miedź S.A. is a module for energy 
use modelling (Energy Model). The workflow carried out in this module as part of 
the process of determining energy savings is demonstrated in Figure 3.

Fig. 3. The workflow in the Energy Model module in RETScreen software

Source: RETScreen® Software – own edited print screen.

During step one, in the Establish Baseline sub-module, the multiple regression 
analysis is performed. The sequence of activity is depicted in Figure 4.

Fig. 4. The workflow in the Establish Baseline sub-module in RETScreen software

Source: RETScreen® Software – own edited print screen compilation.
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•• In the first activity, Time series, the imported time series of the dependent and 
independent variables are collected in a chart and in a tabular format.

•• In the second activity, X-Y scatter, the values of the variables are shown in the 
x-y relation, where x represents the independent variable values and y represents 
the dependent variable values (energy consumption).

•• In the third activity, Line, the software determines the coefficients of a one or 
polynomial model that describes the correlation between the dependent variable 
y and the independent variables (for example x or x1, x2). The user can choose the 
type and degree of regression. In this step, a line representing the determined 
energy-use model is drawn.

•• In the fourth activity, Details, one can review the analytical details of the model 
and the results of its statistical analysis, including the values of the multiple 
determination coefficient (R2) and the value of the standard error of the estimate. 
This information is used in the model quality assessment process, giving values 
of two quantitative criteria.
The second step relates to the original purpose of the RETScreen. It enables 

the determination of the energy goal: the desired energy consumption planned as 
a result of the pro-efficiency activity, that is the subject of the analysis performed 
during the current session. KGHM does not use this functionality.

The third step is the plot of the CUSUM chart to assess the quality of the energy 
use model created in the first step. This operation is repeated until the reference 
period is identified, or until one can confirm that identifying this period is not 
feasible.

In the case of having a finite number of samples with specific characteristics, it 
happens that it is not feasible to identify the reference period, so it is not possible to 
build a reference energy use model. The inability to determine the energy baseline 
does not mean that no savings were reached in the analysed area – it only means that 
it cannot be determined reliably. This knowledge is also valuable because it becomes 
a source of recommendations that its exploitation will make possible to set savings 
in the future which are not possible now.

The successful identification of the reference period begins the last iteration 
of creating an energy-use model that takes place during the first step. The energy 
baseline is the set of values estimated by the reference model of energy use in the 
reporting period. The values are presented in a table and as a chart.

In the final step, the data specifying the amount of energy consumption predicted 
by the model are exported to MS Excel, calculating the energy savings achieved 
in the reporting period. The valuable management information is the graphical 
representation of the energy baseline, the energy consumption and energy saving, 
see Figure 5. 
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Fig. 5. Results of the analysis – reporting chart with energy baseline, energy consumption and cumu-
lative energy saving

Source: MS Excel print screen – own work.

Energy saving is the result of comparing the actual energy consumption with the 
estimated energy consumption (energy baseline, EnB) and is defined as the sum of 
the differences between the EnB value and the actual consumption in each month.

As the energy-use model is created based on data from the reference period, 
the CUSUM chart can show the amount of energy saved in time after the reference 
period, including the period of changes in the assessed process and reporting period. 
It is important to note that the baseline period and reporting period for determining 
energy saving is the same. This situation is related to the definition of energy saving. 
The relation between periods and the way to visualise the energy savings are shown 
in Figure 6. 

Fig. 6. CUSUM chart – relation with periods and cumulative energy saving

Source: MS Excel print screen – own work.
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4.	 Practical consideration

When KGHM started the system approach to energy management, in particular the 
determination effects of the performed pro-efficiency actions, the effectiveness in 
this area was difficult to quantify. The methodology used was incompatible with the 
European regulations and standards, and its results were practically unusable. The 
results of the application of the described method, supported by the use of the 
presented software, indicate that about 80% of the analyses may be completed with 
the proper determination of savings with 80% probability. Usually, the standard 
error of estimation does not exceed 25% of the determined value of savings, but 
often it is less than that. The quality of determining energy savings is growing with 
the growing amount of data. The accuracy is also more remarkable when the 
disturbance in the process is lower. In about 20% of cases, where one could not 
determine the energy saving as a result of the analysis, one could identify the causes 
of analytical difficulties. This enables to provide recommendations for the 
elimination of these problems in the future.

The result of the analysis presented in the form of a chart allows top management 
to quickly assess the degree of improvement in the energy efficiency of the analysed 
process, naturally at the specified initial level of detail. Objectively verifiable 
knowledge enables a qualitative evaluation of the process, as opposed to attempts 
to make such an evaluation based on quantitative indicators. The correct following 
of scientific principles, defined savings, and information reflecting the actual state 
with a determinable accuracy and certainty, allow to make correct management 
decisions.

The limitations of the process are related to it being labour-intensive, especially 
at the stage of model quality assessment. The subject of future research may be a 
method of automating this stage, e.g. using artificial intelligence. Another limitation 
is access to valuable, from the modelling perspective, information about the factors 
influencing energy consumption (values of independent variables). This problem can 
be solved by implementing a measurement system aimed at collecting the needed 
information.

A further limitation is the character of the process – if it is disturbed, there is no 
way to determine a reference period and also the real savings. As the solution to this 
problem one could consider the identification of episodes causing the disturbance 
and exclusion of the related data from the analysis. Another solution can be the 
decomposition of the process to sub-processes, analysing and the evaluation of each 
independently – then the saving in the process will be the sum of the savings in the 
sub-processes. Furthermore, one could modify the data collection process, starting 
with increasing the frequency of measurements to the installation of new metering 
tools in the appropriate points, to increase the amount of data. All of these solutions 
are under consideration in KGHM.
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It is important to remember that energy saving is always the result of effectively 
conducted pro-efficiency measures. Energy saving may also be the result of 
changing conditions favourably influencing the characteristics of the process. Yet 
the evolution of these conditions cannot be the source of energy saving.

5.	 Conclusion

The developed approach shows a ready-to-use simple method and a commonly 
available tool to determine energy savings in complex business processes, efficiently 
and cheaply. The determined energy saving is compatible with science, international 
regulations and standards, hence it is easy to prove during the audit that it is carried 
out correctly. Finally, there is the valuable management information, which when 
appropriately used will lead to the improvement of energy efficiency and, as a result, 
reduced energy consumption.
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