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Abstract: 

This study provides a practical example of DIN ISO 50006 for the introduction and application 

of energy performance indicators (EnPIs) and energy baselines (EnBs). Based on the evaluation 

of a production process of the food company H. & J. Brüggen KG, the standard is tested for its 

applicability. An overview is given of the procedure and the requirements proposed or 

demanded by the standard. Through the subsequent evaluation of the production plants based 

on regression analyses, the production process is evaluated and the potential for improvement 

is identified concerning the standard's application descriptions. Also, an automation concept for 

determining EnPIs and EnBs is presented. 
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1. Introduction 

“… We must find a smooth transition to a low-carbon economy. ... By polluting the oceans, not 

mitigating CO2 emissions and destroying our biodiversity, we are killing our planet. Let us face 

it: There is no Planet B” (Noack 2018) said French President Emanuel Macron in his speech in 

Washington in April 2018, emphasizing the seriousness of the issue of climate change. In this 

context, energy-intensive industrial companies, in particular, are under extraordinary social and 

economic pressure given the growing awareness of sustainability in politics and economy. 

Given this fact, companies are urged to use their resources more efficiently and increase 

their energy efficiency to meet legal requirements and ensure their competitiveness. Many 

companies resort to energy management systems for this purpose. The International 

Organization for Standardization offers a globally recognized standard for implanting such 

systems within the framework of the standard DIN ISO 50001. In this context, companies' 

energy efficiency is determined and presented through the introduction and application of 

energy performance indicators (EnPIs) and energy baselines (EnBs). The EnPIs and EnBs are 

regulated in DIN ISO 50006 and are mandatory for certification. 

Accordingly, an implementation of these is necessary for companies seeking certification 

according to DIN ISO 50001, such as the company H. & J. Brüggen KG (from now on 

Brüggen). The internationally active food company wants to evaluate its production processes' 

energy-based performance by introducing and applying EnPIs and EnBs. 

In this study, the background and incentives for integrating an energy management system 

for German companies are discussed. The recommended procedure and the requirements of 

DIN ISO 50006 regarding the implementation of EnPIs and EnBs and their application are 

explained and presented in a clear structure. The subsequent practical implementation of the 

previously theoretically described implementation is exemplified using crunchy cereal 

production process. The quantitative analysis carried out provides an energetic evaluation of 
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the individual production plants and a comparison between the plants. Besides, an automation 

concept for the implementation of EnPIs and EnBs is developed and implemented. 

Thus, the present study implements EnPIs and EnBs for one of the company's most energy-

intensive production processes as an example, which provides the company with a basis for 

implementing further EnPIs and EnBs for other plants or processes. Also, the applicability of 

the DIN ISO 50006 standard is tested by applying it under real conditions. 

 

2. Background 

The enormous CO2 emissions produced worldwide present us with one of the most significant 

challenges of the 21st century, climate change. A large part of these emissions is due to energy 

production and industrial processes (Maslin 2014, 67). To meet this challenge, the European 

Parliament has set climate and energy policy targets for all member states to achieve by 2030. 

The three core targets are to reduce greenhouse gas emissions by 40% compared to the 1990 

reference period, to increase the share of renewable energy to at least 32%, and to increase 

energy efficiency by at least 32.5% compared to an underlying reference development 

(European Commission 2014). 

In December 2019, the Energy Efficiency Strategy 2050 (EffSTRA) was adopted in 

Germany. This strategy is intended to promote Germany's energy efficiency and contribute to 

meet the European climate and energy policy goals. The national climate efficiency target 2030 

included in it envisages a reduction of 30% in primary energy consumption compared to the 

reference year 2008, which would correspond to a saving of 1200 TWh (1 TWh = 1 billion 

kWh). This saving would correspond to the combined energy consumption of the Netherlands 

and Austria today. Germany is thus not only making an ambitious contribution to European 

climate and energy policy, but also a disproportionately large one. To achieve this goal, the 

National Action Plan of Energy Efficiency 2.0 (NAPE) was introduced, which focuses on 
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municipalities, companies, and consumers and aims to encourage these players to use energy 

more sparingly and efficiently (Federal Ministry for Economic Affairs and Energy 2020). 

Industrial companies, in particular, play an essential role here. In 2019, Germany's industrial 

sector was the largest consumer of electricity, accounting for 45.7%. It was followed by trade, 

commerce, and services (27.4%) and households (24.6%), which accounted for around a quarter 

(Statista 2020). Furthermore, the German industrial sector emitted 188 million metric tons of 

greenhouse gas into the atmosphere in 2019, topped only by the energy industry with 254 

million metric tons of greenhouse gas. Germany thus produces the most carbon dioxide 

emissions in the European Union (Statista 2020). 

To incentivize companies to improve their energy efficiency, the German government 

provides funding to support, among other things, investment in environmentally friendly 

technologies, the switch to renewable energies, and the implementation of an energy 

management system (Federal Ministry for Economic Affairs and Energy 2020). A further 

incentive for the latter is a peak compensation under the Energy and Electricity Tax Act, which 

grants tax relief to companies that can demonstrate a certified energy management system by 

DIN ISO 50001 (Environment Federal Office 2020). According to the International 

Organization of Standardization (ISO), energy management systems help control energy 

consumption within companies and thus improve their productivity. In the process, an energy 

policy is developed and implemented. Also, energy consumption targets are defined, and action 

plans are designed to support the target's achievement (ISO 2018, 2). 

Management systems and performance indicators for companies have already been 

considered for many areas, such as environment (Perotto et al. 2008, 518-520), quality, delivery 

time, safety, and cost (May et al. 2013, 258). The topic of environmental challenges and energy 

efficiency has become increasingly important in recent decades, as reports by the European 

Environment Agency (European Environment Agency 2019, 9-17) and International Energy 
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Agency (International Energy Agency 2020, 1-6) show. Also, through the introduction of the 

DIN ISO 50001 standard in 2011 and its dissemination, the area of energy efficiency in terms 

of energy-related performance control systems and performance indicators became more and 

more critical. In 2012, one year after introducing the standard, the number of organizations 

increased from 459 to 1981, which corresponds to an annual growth of 332% compared to the 

previous year. This growth trend continued so that in 2015, 11985 organizations were certified 

according to DIN ISO 50001 (Marimon and Casadesús 2017, 1). 

Energy-related performance indicators make it possible to identify and evaluate optimization 

potential by collecting and analyzing energy-related data. The main objectives of this process 

are to collect the most relevant energy-related information of a system exclusively, to present 

an overview of the energy performance, which allows identifying savings measures and to 

enable permanent monitoring of the energy-related performance (Gonzales-Gil et al. 2015, 

289). With DIN ISO 50006, practical guidance regarding the creation of energy-related 

performance indicators was published in 2014, which considers the requirements of DIN ISO 

50001.  

In addition to the International Organization of Standardization (ISO), other organizations 

have addressed energy performance measurement. One is Carbon Trust, through a guide to 

control energy use (Carbon Trust 2019, 4). The other is the Efficiency Valuation Organization, 

through its energy conservation concepts (Efficiency Valuation Organization 2012, 1-2). 

 

3. Methodology 

This work project aims to gain a deeper understanding of how energy performance indicators 

and energy baselines according to DIN ISO 50006 work and to test their practical applicability. 

A deductive approach was followed, which aims to test the applicability of an existing theory, 
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presented here in the form of DIN ISO 50006, through practical implementation at the 

company's selected production facilities. 

The quantitative data required for analyzing the production plants concerning the calculation 

parameters depends on the plants or processes considered. Accordingly, the calculation 

parameters and the data sources to be collected can change when other plants or processes are 

considered. 

The production facilities' present analysis considers the environmental and production 

parameters: total product (consisting of primary product and secondary product), working 

hours, shutdowns, outside temperature, steam, shifts per day and the energy sources electricity 

and gas. These were identified through analysis of the production process and discussions with 

the responsible employees. In addition to the parameters mentioned, other parameters were 

determined, such as layer height, belt speed, product change, and water quantity, which could 

not be included in the calculations due to a lack of data. 

The total product was taken from the ERP system SAP, making it possible to divide it into 

the primary and secondary products. The average outside temperature values was obtained from 

an external supplier and represent the only secondary data. The internal monitoring tool called 

Libra records the energy-related measured values of the individual plants in the company via 

numerous measuring points. It enables these data to be displayed at different time intervals. 

Thus, it was possible to determine the measured values of the energy carriers electricity and 

gas. The amount of steam used is also recorded in Libra. However, this is to be considered as 

an output factor since it is generated by gas. Besides, the working hours and shutdowns were 

determined based on the energy-related measured values. 

When collecting data for the environmental and calculation parameters, two criteria had to 

be met. First, a data frequency at a daily level had to be ensured. Second, the data had to be 

available for the intended calculation period from January 2019 to October 2020. 
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Before the analysis, the collected data was prepared. Using conditional formatting in Excel, 

zero production values, and erroneous measured values were eliminated. Also, statistical 

outliers were excluded from the data set. For this purpose, the interquartile range method was 

used for the exemplary implementation. Subsequently, after developing and implementing an 

automation concept, the Cook, Student, and Conf. methods were added. Then, the data were 

examined by the application of linear regressions. 

The practical application of the theoretical standard under real conditions offers the 

opportunity to uncover ambiguities concerning the requirements as well as implementation 

difficulties and thus to provide starting points for revising them by expanding or improving the 

corresponding aspects in the standard. 

 

4. Theoretical basics of DIN ISO 50006 

DIN ISO 50001, which provides the basis for the development of DIN ISO 50006, supports 

companies in establishing processes required for continuous improvement of energy-related 

performance. In doing so, greenhouse gas emissions and other environmental impacts, such as 

energy costs, are counteracted through the application of systematic energy management (ISO 

50001 2018, 7-9). Thereby, the company must determine energy performance indicators 

(EnPIs) suitable for measuring and monitoring energy-related performance and enable it to 

demonstrate an improvement in energy-related performance (ISO 50001 2018, 22). Besides, 

DIN ISO 50006 guides implementing the establishment and application of the required energy 

performance indicators (EnPIs) and the corresponding energy baselines (EnBs) (ISO 50006 

2017, 4). 

Thus, the standard's common goal is to improve energy-related performance supported by 

the EnPIs and reduce energy costs. Since the implementation of the standard is voluntary, 

companies must be given incentives. As a rule, the economic benefit is in the foreground. On 
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the one hand, this arises from the energy cost savings due to the regular deviation analyses by 

the EnPIs (Nissen et al. 2018, 113-114). On the other hand, through the state's peak tax 

compensation for companies that are certified according to DIN ISO 50001 (Nissen et al. 2018, 

3). 

 

4.1 EnPI boundaries 

It is necessary to define the area to be evaluated by the energy performance indicators. EnPI 

boundaries are set to identify the most energy-intensive part of the production processes. After 

the entire factory's initial consideration, the measurement boundaries are narrowed down to the 

individual plants. By allocating the energy consumptions, they are divided into primary 

consumers and secondary consumers. A further subdivision of the plants into the individual 

plant components is possible (ISO 50006 2017, 30). Even before the EnPI boundaries are 

defined, it is necessary to determine the EnPI users (ISO 50006 2017, 13). The type and 

complexity of the EnPI to be determined should be adapted to their needs (ISO 50006 2017, 

21). 

 

4.2 Relevant variables and static factors 

The standard requires identifying factors that influence energy consumption for the primary 

consumers identified to be able to carry out the normalization necessary (in most cases) in the 

later course of the analysis. It is essential to isolate the factors that have a high impact on energy 

consumption from those with little or no impact. Trend diagrams and XY diagrams should be 

set up to evaluate the influence, thus determining each variable's relevance against energy 

consumption (ISO 50006 2017, 15-16). The influencing factors should be examined to 

determine whether they should be considered as relevant variables or static factors. The latter 

are factors that typically do not vary. Relevant variables are actively involved in determining 
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EnPIs, while static factors are documented and used to adjust EnPIs in the event of a significant 

change (ISO 50006 2017, 17). 

 

4.3 Data quality 

The quality of the collected data can be reduced by faulty counting or data acquisition and 

atypical operating conditions. The resulting outliers must be identified and excluded from the 

database. It is crucial to ensure that the exclusion of outliers does not lead to systematic errors 

in the generation of EnPIs (ISO 50006 2014, 20). 

 

4.4 Energy performance indicators (EnPIs) 

After identifying the relevant variables, appropriate EnPIs should be defined for the primary 

consumers, divided into four types. The measured energy value, where the total energy 

consumption is measured and given as an absolute value. This type of EnPI is only used if 

influencing factors could not be identified, the coefficient of determination is too low, or there 

is not enough data to be declared as an influencing factor. 

The ratio of the measured values expresses the energy efficiency with only one variable as a 

simple ratio. The energy consumption is divided by the value of the variable, e.g., energy 

consumption divided by total product. This has the advantage that the normalization is 

automatic and does not have to be done subsequently. However, it is assumed here that the 

energy consumption is 100% dependent on the variable used and that there is no baseload. 

The statistical model evaluates the relationship between energy consumption and one or 

more variables through a regression model. This model is used when more than one relevant 

variable has been identified and/or the process under consideration has a baseload. 
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The engineering model evaluates the relationship between energy consumption and many 

relevant variables through an engineering simulation. Given the high complexity, this approach 

is rarely used in practice (Nissen et al. 2018, 70-73). 

 

4.5 Energy baselines (EnBs) 

An energy baseline (EnB) represents a defined period that serves as a quantitative reference 

point compared to actual EnPI values, thus enabling changes in energy-related performance to 

be demonstrated (ISO 50006 2017, 7). The basis for this comparison is the determination of the 

EnPIs for the EnBs described before. A time period should be chosen that is long enough to 

account for the variability of operational processes. Typically, the period is 12 months to ensure 

that seasonality is taken into account (ISO 50006 2014, 24). 

For the selected period, the energy consumption of the primary consumers and the data of 

the relevant variables and static factors identified as relevant must now be collected. Based on 

this database, a comparison could be made between the current EnPI values of the reporting 

period and the reference period's EnPI values, provided that no changes have taken place in the 

relevant variables, which is usually not the case (Nissen et al. 2018, 50). 

 

4.6 Concept of normalization 

In the likely event that the relevant variables have changed between the reference and reporting 

periods, normalization of the EnBs is necessary to allow comparison under identical conditions. 

Normalization occurs automatically when one variable is used by presenting it as a ratio (Nissen 

et al. 2018, 47). When considering multiple variables, regression models are typically used to 

normalize energy consumption concerning the variables. Accordingly, normalization through 

the EnPI occurs by incorporating the changes in the relevant variables into calculating the EnPI 

values. In other words, it tries to adapt the values set in the past to current conditions. Also, the 
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concept of normalization can be used to forecast future energy consumption (ISO 50006 2017, 

36). 

 

5. Analysis and evaluation of crunchy cereal production 

In this chapter, the implementation of energy performance indicators (EnPIs) and the 

corresponding energy baselines (EnBs) for the process of crunchy cereal production is 

presented. The procedure is explained step by step using an example plant. In addition, an 

automation concept is presented that was developed for the calculations required in the analysis. 

Furthermore, by using the developed calculation tool, the plants are compared with each other. 

All calculations refer to the reference period 2019 and the reporting period of 2020 (Jan - Oct). 

 

5.1 Determination of EnPI users and EnPI boundaries 

This analysis primarily serves the energy management team, which thus represents the EnPI 

users. Their task is to demonstrate energy-related performance improvement, identify potential 

savings, and develop energy-saving measures. 

EnPI boundaries were defined to determine the optimum between setting up EnPIs and the 

resulting benefits. They help to focus on the most energy-intensive plants or processes. Based 

on the assumption that the plants with the highest energy consumption also contain the most 

significant savings potential, they were evaluated according to their total energy consumption. 

Following the pareto principle, which states that 80% of the output is produced by 20% of the 

input (Kumar 2015, 54-55), the percentage consumption shares of the total energy consumption 

were assigned to the individual plants and added until the cumulative consumption share 

represented around 80%. This procedure is illustrated in table 5.1, "Listing pareto principle." 

Looking at the table, it can be seen that the 12 most consumptive plants of the company, 

which is 19.05% for 63 plants, account for 81.32% of the total energy consumption. These 
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plants are called SEU plants (SEU = Significant Electric Use). The measurement data used for 

evaluation were collected from an internal monitoring tool, Libra, and refers to the reference 

period 2019. Libra collects and documents the energy-related data for each plant through 

numerous measuring points in both production halls. Meanwhile, the monitoring tool records 

97% of the company's total energy consumption. The 3% of the energy that is not recorded 

must be taken into account when interpreting the EnPIs. The company's production processes 

use electricity and gas as energy sources. Electricity is recorded in kilowatt-hours and gas in 

cubic meters. For a uniform view of energy consumption, the gas values were converted to 

kilowatt-hours. Due to the low share of electricity consumption in total energy consumption 

(about 9.8%), both energy sources were considered together for the analysis. The final 

subdivision of the EnPI boundaries has placed the energy performance indicator system's focus 

on the plants determined by the Pareto principle. A pictorial representation of the EnPI 

boundaries is shown in figure 5.1, "EnPI boundaries." 

 

5.2 Determination of relevant variables and static factors 

To identify factors influencing the energy consumption of the example plant 1620 crunchy 

cereals (hereafter 1620), it was essential to understand the plant's production process. The plant 

was inspected, relevant documents were analyzed, and discussions were held with the 

responsible employees to acquire the necessary knowledge. The following influencing factors 

were derived: Primary product, secondary product (waste), total product, steam, water quantity, 

layer height, belt speed, product change, outside temperature, working hours, shutdowns, and 

shifts per day. A more detailed list is shown in table 5.2, "Overview of influencing factors". 

Water quantity, product change, layer height, and belt speed were excluded in advance due 

to a lack of data. Such data should be considered in future data collection. Besides, only the 

total product was considered, consisting of the primary product and secondary product (waste). 
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This is because the secondary product (waste) can arise at several points in the production 

process, and it is not possible to assign it precisely to these points. The subdivision of the 

influencing factors into variables and static factors showed that only the shifts per day are 

regarded as static factors since these do not change routinely. All other factors are considered 

as possible relevant variables. 

The available measurement data for energy consumption and the influencing factors form 

the further procedure's data basis. Before the calculations, outliers must be removed. For this 

purpose, conditional formatting in Excel was used to remove all data points that do not 

correspond to normal operating conditions, such as zero productions or data that indicate 

incorrect measurements. Also, the interquartile range method was used to exclude statistical 

outliers. The adjusted database now includes 277 data points at a daily level, which represent 

the energy baseline (EnB). 

For initial analysis of the data, a trend diagram and an XY diagram were prepared for each 

potential influencing factor as part of a diagram analysis to assess the relevance compared to 

energy consumption (see figure 5.2, "Diagram analysis"). 

As can be seen from the figures, the variables total product, steam, working hours, and 

shutdowns show similar changes as the energy consumption. It should be noted, however, that 

the shutdowns show a negative relationship to energy consumption. Moreover, the seasonal 

dependence of the temperatures can be seen. However, temperature changes very differently 

from energy consumption, which can be seen in the coefficient of determination (R2) of 0.0033. 

The determination coefficient indicates how much of the total energy consumption can be 

described by the corresponding variable. Thus, it can be assumed that the temperature has 

almost no influence on the plant's energy consumption. However, the other variables have a 

stronger relationship with energy consumption, with 0.7641 for the total product, 0.575 for 

steam, and 0.9008 for working hours and shutdowns. For the most accurate description of 
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energy-related performance by the EnPIs, a coefficient of determination of 0.95 is targeted (to 

be determined by the company). Even if the considered variables alone do not show the desired 

coefficient of determination, simultaneous consideration of several variables can nevertheless 

lead to a high overall explanation of the energy consumption. Thus, the variables whose 

combination has the highest coefficient of determination are considered for the compilation of 

the EnPI. 

 

5.3 Determination of the energy performance indicator 

First, it has to be determined which type of EnPI is most appropriate. Since multiple relevant 

variables have been identified, and the plant has a baseload, a statistical model was used to 

establish the EnPI. Therefore, it involves using regression analysis to determine which 

combination of variables has the highest coefficient of determination to provide the most 

accurate measurement. 

The first linear regression analysis performed (linearity is assumed) includes the variable 

with the highest determination coefficient in the model. In this case, shutdowns (It could also 

have started with working hours). When using one variable, the regression analysis can be done 

by an XY diagram. In addition to the coefficient of determination, a function is also shown that 

describes the plant's energy consumption (see figure 5.3, "Regression with shutdowns"). 

Formula 5.1: Energy consumption per day in kWh = -918.09 
𝑘𝑊ℎ

ℎ
 * Shutdowns [h] + 20981 

kWh 

A look at the function tells us that the shutdown's coefficient is negative, which means that a 

higher number of shutdowns leads to lower energy consumption. We can also see that part of 

the energy consumption cannot be explained only by the change in the shutdowns, but for the 

calculations of more accurate values, a constant of 20981 kWh per day must be taken into 

account. It is obvious to consider the constant as the plant's baseload, but this would be correct 
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only in exceptional cases. This may be due to several reasons, among others: the data describe 

only a subrange of the function, which can be well represented linearly, although the entire 

function is not linear. Therefore, the constant is primarily used to fit the function to the available 

data. 

Even if the model with relatively high accuracy (R2 = 0.9008) can already estimate the actual 

values reasonably, there are still partly clear deviations, as shown in figure 5.4, "Comparison 

of measured and actual values with one variable" at the example of the month February. This 

indicates that not all relevant variables have been considered yet. 

In the next regression analysis, the variables shutdowns and working hours are considered 

together. The corresponding regression output is shown in figure 5.5, "Regression shutdowns, 

working hours". When looking at the results, it is noticeable that the column of shutdowns is 

filled with zeros and the P-values of both variables show an error. This is due to the problem of 

multicollinearity. The test for collinearity using an XY diagram (see figure 5.6, "Testing for 

collinearity") shows that there is perfect collinearity (R2 = 1) between the two variables, which 

makes it impossible to perform a linear regression analysis computationally. This is because 

both variables were collected based on the same database. This means that only one of the two 

variables can be integrated into the model. As a result, the variable shutdowns are used for the 

further exemplary presentation, which is considered together with the total product in the 

subsequent regression analysis (figure 5.7, "Regression shutdowns, total production"). 

When considering the regression output of a model with multiple variables, it must be 

ensured that the adjusted coefficient of determination is taken into account for the evaluation, 

which also includes the complexity of the model. 

Furthermore, the statistical significance of the model and the variables must be checked. The 

check for the model is done by controlling the F-value and the significance F. The significance 

F describes the probability that the whole model is not statistically significant and should be 
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below 0.05, which corresponds to a confidence interval of 95%. The F-value is also an indicator 

of whether a model is statistically significant and should exceed the corresponding theoretical 

value. The theoretical value was determined using Excel (Excel function: F.INV).  

To determine the statistical significance of the variables, on the one hand, the P-value is 

considered, which indicates the probability that the variable is not significant and should be less 

than 0.05. On the other hand, the value of the T-statistic is considered. The T-statistic value, 

which is also used to check the regression coefficients individually, should be greater than the 

corresponding theoretical value. The theoretical value is determined using the table of T-

distribution and considering the type of T-test (here two-sided). 

A look at the regression output shows that the adjusted coefficient of determination is now 

0.9337 and has increased compared to when only shutdowns were considered. This means that 

the model can now describe 93.37% of the total energy consumption. The coefficient of 

shutdowns has decreased to -676.28, as well as the intercept to 15855.23. The additional 

coefficient states that per kg of total product produced, energy consumption increases by 0.11 

kWh. The corresponding values also confirm the statistical significance of the model and the 

variables. The derived formula is: 

Formula 5.2: Energy consumption per day in kWh = -676.28 
 𝑘𝑊ℎ

ℎ
 * shutdowns [h] + 0.11 

𝑘𝑊ℎ

𝐾𝑔
 * total production [Kg] + 15855.53 kWh. 

Due to the increased adjusted coefficient of determination, the deviations between the 

calculated and actual values should be smaller, which is confirmed by the graphical 

representation in figure 5.8, "Comparison of measured and actual values with two variables". 

Third regression analysis is checked whether the addition of the steam allows a further 

improvement of the determination coefficient. The corresponding regression output is shown 

in figure 5.9, "Regression shutdowns, total production, steam". 
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The regression output shows that the adjusted coefficient of determination increased only 

minimally from 0.9337 to 0.9376. At this point, it should be mentioned that variables that only 

slightly improve the coefficient of determination could also be omitted since more variables 

also mean more effort. The resulting improvement in the adjusted coefficient of determination 

should be commensurate with the effort involved. Accordingly, the variable steam was not 

integrated into the model. 

Furthermore, the deviation's distribution chart (figure 5.10, "Distribution chart") shows that 

the deviations scatter relatively evenly around 0%. This means that there is no systematic over- 

or underestimation of the actual values. Also, an average deviation of 0.3% was determined 

over the 277 underlying daily values, which again underlines the value's accuracy. This 

indicates that all relevant influencing factors were taken into account, and thus a regression 

with further variables can be omitted. Accordingly, our EnPI for the plant 1620 in the 2019 

reference period is represented by formula 5.2. 

When looking at the deviation's distribution chart, it is also noticeable that individual values 

show larger deviations, which need to be investigated to derive appropriate measures. Thus, the 

EnPI makes it possible to show deviations that do not arise from the regular fluctuations of the 

variables and thus form a basis for measuring, monitoring, and presenting the plant's energy-

related performance. 

 

5.4 Proof of improvement in energy-related performance 

To demonstrate the improvement in energy-related performance required by DIN ISO 50001, 

the actual EnPI values must be compared with the reference EnPI values of the energy baseline. 

To ensure that the comparison occurs under identical conditions, it is necessary to normalize 

the energy baseline using the established EnPI (formula 5.2). The EnPI describes the energy 

consumption behavior of the 1620 plant over the 277 days used as the energy baseline. Formula 
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5.2 thus represents the conditions during the reference period. By substituting the relevant 

variable's actual values into the EnPI (formula 5.2), the normalized energy baseline values for 

the reporting period are obtained. In other words, for the comparison, the actual daily values 

for shutdowns and total production are inserted into the EnPI (formula 5.2). The subsequent 

comparison of the normalized values with the actual values then makes it possible to show the 

changes in energy-related performance during the reporting period. By analyzing based on daily 

values, initially, only the daily reference values can be formed. These can then be added up to 

monthly values, as shown in table 5.3, "Listing of monthly values". 

The table shows that concerning the 1620 plant, a saving of 428837 kWh was recorded 

during the reporting period. This corresponds to a reduction in the energy consumption of the 

plant of 10.78%. At a price of about 0.15 Euro/ kWh, this corresponds to a monetary saving of 

64325.55 Euro. These calculated savings are due to the planned and implemented energy-

saving measures. 

If the company has planned and implemented energy-saving measures, the difference 

between the calculated values and the actual values should be clear, as in this case. In the 

graphical representation in figure 5.11, "Comparison of normalized and actual values", it is 

clear that the measures implemented were successful. From February onwards, a consistent 

saving can be seen. Thus, the improvement in the energy-related performance of plant 1620 has 

been demonstrated and presented in monetary and graphical form, as required from the DIN 

ISO 50006. 

 

5.5 Automation 

To reduce the effort of determining EnPIs and EnBs in the future, an automation concept was 

developed and implemented in cooperation with the company CBB Software Engineering. The 

Python-based calculation tool determines the statistical outliers of the imported data set and 
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then provides a listing of the combinations of variables that achieve a previously determined 

coefficient of determination. Also, the statistical significance of the created model and 

considered variables is determined and highlighted in non-satisfaction. The input menu (see 

figure 5.12, "Input menu calculation tool") offers the user a series of input parameters to adapt 

the calculations to the available data set. 

Among other things, the user can choose between several statistical methods for identifying 

outliers. In addition to the interquartile range method used in Chapter 5, the Cook, Student, and 

Conf. methods are available for selection. This offers the company the possibility to determine 

the combinations with the highest possible determination coefficient by excluding different data 

points by applying different statistical methods. Regarding the example plant 1620, table 5.4, 

"Comparison of statistical methods" shows that the coefficient of determination varies using 

different statistical methods. It also can be seen from the table that concerning plant 1620, the 

highest coefficient of determination (~96%) was obtained using the Student method. This 

corresponds to an increase in the determination coefficient of ~3% compared to the interquartile 

range method based on the same database. Thus, this calculation parameter contributes to the 

optimization of the measurement. 

Also, the calculation tool eliminates the need to set cutoffs regarding the relevance of the 

variables. The calculation tool considers all imported variables, regardless of the coefficient of 

determination, and excludes those that do not contribute sufficiently to improve the coefficient 

of determination or are not statistically valid. This prevents influencing factors, which, when 

considered together with other variables, lead to an increase in the coefficient of determination, 

from being excluded from the Calculations due to their lower correlation with energy 

consumption. As an example, the output table for plant 1620 is shown in figure 5.13, "Results 

table". (The calculation tool only considers the R2 and not the adjusted R2. Therefore, small 

deviations occur). 
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5.6 Comparison of production facilities 

In addition to plant 1620, which has already been discussed, crunchy cereal production also 

includes plant 1630 and 1640, all of which have been identified as SEU plants and are among 

the most energy-intensive plants. They account for 19.43% of the total energy consumption, 

which corresponds to about 12023415 kWh per year. For the analysis of the plants, the 

calculation tool described in the previous section was applied to clarify the statistical method's 

impact on the coefficient of determination and, therefore, to provide the most accurate 

measurement possible ultimately. The results are presented in table 5.5, "Comparison 1620, 

1630 and 1640", which shows that all three plant's energy consumption is best described by the 

EnPI, which considers shutdowns and total product in the model, allowing a direct comparison 

of the plants. A look at the coefficients of determination obtained shows that the statistical 

method should be selected individually for each database. For example, for plant 1620 and 

1640, the Student method achieves the highest coefficient of determination, while for plant 

1630, the Cook method has the highest coefficient of determination. 

When looking at the percentage change in energy-related performance, based on the highest 

coefficient of determination determined, it is noticeable that plant 1620 shows a significant 

improvement of 10.97%. Plant 1630 shows only about half the energy savings at 5.95%, and 

plant 1640 shows virtually no change at 0.52%. This shows the company the impact of the 

planned and implemented energy-saving measures on the individual plants. The task is to 

investigate why the measures at plant 1640 have not led to any improvement, and accordingly, 

the measures should be modified or new ones derived. 

Also, it is noticeable that despite high coefficients of determination determined for the 

Student- (9.71%) and Conf.- (8.20%) method as well as for no statistical method used (8.26%), 

plant 1630 has a significantly higher percentage deviation between the calculated and actual 
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values than the other calculations. This indicates a systematic over- or underestimation of the 

values, which is a systematic error that affects the measurement's accuracy. Even if the 

corresponding calculations do not deviate far from the other results, a high percentage deviation 

can lead to a falsified result. Accordingly, when selecting the EnPI, not only the coefficient of 

determination but also the percentage deviation should be taken into account to ensure the most 

accurate measurement possible. 

 

6. Discussion 

In this chapter, selected aspects of DIN ISO 50006 are taken up and compared to the analysis 

carried out in chapter 5. Deficits are addressed, and suggestions for improving or expanding the 

corresponding aspects are presented. 

Concerning point 4.2.6.4 of DIN ISO 50006, it must be ensured that the quality of the 

underlying database, consisting of the measured energy values and data of the variables, is 

guaranteed before the calculations of the EnPIs. For this purpose, data points that do not 

correspond to typical operating conditions must be removed from the database. Care should be 

taken to ensure that the excluded data points do not lead to systematic errors. The reference to 

statistical means indicates that statistical methods should be used to identify the outliers. 

However, the standard does not provide specific instructions for this procedure. This represents 

a source of error for users in several respects. 

First, it makes a difference whether the data points that do not meet the operating conditions, 

such as zero productions or data indicating mismeasurements, are already removed from the 

data set before statistical methods are applied, or whether the statistical methods are applied to 

the raw data. When the statistical methods are applied to the raw data, it can result in data points 

that do not match the operating conditions not being identified as outliers. To illustrate this, 

consider the interquartile range method, which determines an upper and lower bound. All data 
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points that are above or below these limits are identified as outliers. However, suppose there 

are many zero productions or erroneous measured values in the data set. In that case, this will 

cause the lower bound to take on a negative value, which would mean that zero productions or 

erroneous measured values are not identified as outliers. 

Second, the standard states that care must be taken when excluding data points from the 

database to avoid systematic errors. However, it does not inform the user how to identify or 

control these systematic errors. Instead, the standard focuses on providing guidance to the user 

on determining the desired coefficient of determination and thus performing the most accurate 

measurement of energy-related performance. Even calculations with a high coefficient of 

determination can contain systematic errors, as the comparison of production plants in Chapter 

5 shows. A systematic error can be represented by the mean value and affects the accuracy of 

the measurements. In this case, the systematic error is represented by the average percentage 

deviation of the calculated values and the actual values. Accordingly, when selecting the EnPI 

used, the coefficient of determination and the average percentage deviation should be 

considered. 

Third, the user is not informed about the possible benefits of using different statistical 

methods. As shown in chapter 5, applying different statistical methods to the same database 

leads to different coefficients of determination. Thus, the comparison of several statistical 

methods can help determine the highest possible coefficient of determination and thus perform 

a measurement that is as accurate as possible. 

Furthermore, point 4.2.4 of DIN ISO 50006 defines and quantifies the relevant variables. It 

is essential to isolate the variables that significantly influence energy consumption from the 

variables with little or no influence on energy consumption. However, there is no definition of 

when variables are considered relevant or irrelevant. Nevertheless, the standard provides the 

user with a rough assessment through the figures shown. Variables with a coefficient of 



 

24 

 

determination of around 0.93 are shown as relevant. In contrast, variables with a coefficient of 

determination of 0.75 are shown as less relevant or 0.25 as not relevant. This gives the user the 

erroneous impression that variables with a lower coefficient of determination should always be 

excluded from the calculations. Even if the variables do not significantly influence energy 

consumption when considered alone, they can lead to an increase in the coefficient of 

determination when considered together with other variables and thus contribute to a higher 

overall explanation of energy consumption. Accordingly, by basically excluding variables with 

a lower coefficient of determination, the user misses out on possible combinations of variables 

that would have determined the targeted coefficient of determination. 

 

7. Conclusion 

The study aimed to test the practical applicability of DIN ISO 50006 based on the crunchy 

cereal production process's energy assessment. Based on a quantitative analysis of the 

individual production plants, it can be concluded that the standard provides the user with a basic 

understanding of the process of implementing energy performance indicators and energy 

baselines, but has gaps concerning the calculations to be performed. The results indicate that 

the standard has room for improvement in identifying and dealing with systematic errors in the 

calculations, the use of statistical methods to identify outliers, and the selection of relevant 

variables for building the regression models. 

The deductive approach followed, applying the theory under real conditions, has, on the one 

hand, made it possible to determine the shortcomings in terms of feasibility. On the other hand, 

it provides the company with an evaluation of energy-related performance according to the 

standard's requirements for one of the most energy-intensive processes, crunchy cereal 

production. It also offers starting points in the production process that need to be investigated 

to derive further measures for energy savings. 
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When considering the present analysis, it should be noted that the data collection of certain 

variables, such as working hours and shutdowns, are based on assumptions (see table 5.2, 

"Overview of influencing factors"). These should also be taken into account when determining 

EnPIs for other plants or processes of the company. 

Based on the results, it would be helpful to expand or amend the relevant standard texts 

concerning the points listed to bring about a more uniform approach to the calculations of EnPIs 

and EnBs. This would increase the quality of the calculations to be performed and, thus, the 

accuracy of the measurement of energy-related performance and enable a more accurate 

comparison across company boundaries. 

Also, the company should strive for more accurate and comprehensive data collection and 

documentation to ensure the availability of data for all relevant variables of the treated and other 

plants or processes. 

Even if the calculation tool developed significantly reduces the effort required to determine 

EnPIs and EnBs, these must be reviewed at regular intervals and adjusted if necessary. 

Accordingly, the company should always set the effort against the savings when further 

introducing the EnPIs to ensure the economic benefit. 

Regarding this study's objective, it can be concluded that the DIN ISO 50006 standard has 

significant potential for improvement concerning the calculations to be performed. For the 

company Brüggen, the present analysis evaluated one of the main production processes in terms 

of energy performance and laid the foundation for the implementation of further EnPIs. The 

calculation tool developed also represents an automation concept for determining EnPIs and 

EnBs that can be applied regardless of the company's size and branch.  
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9. Appendix 

9.1 Tables: 

 

 

Table 5.1: Listing pareto principle 

 

Table 5.2: Overview of influencing factors 
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Table 5.3: Listing of monthly values 

 

 

 

Table 5.4: Comparison of statistical methods 
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Table 5.5: Comparison 1620, 1630 and 1640 

 

 

9.2 Figures: 

 

 

Figure 5.1: EnPI boundaries 
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Figure 5.2: Diagram analysis 

 

 

Figure 5.3: Regression with shutdowns 
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Figure 5.4: Comparison of measured and actual values with one variable 

 

 

 

Figure 5.5: Regression shutdowns, working hours 
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Figure 5.6: Testing for collinearity 

 

 

 

Figure 5.7: Regression shutdowns, total production 
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Figure 5.8: Comparison of measured and actual values with two variables 

 

 

 

Figure 5.9: Regression shutdowns, total production, steam 
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Figure 5.10: Distribution chart 

 

 

 

Figure 5.11: Comparison of normalized and actual values 
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Figure 5.12: Input menu calculation tool 

 

 

 

Figure 5.13: Result table 
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