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Executive summary 
This deliverable presents the second part of the SMEmPower online tool, which is under 

development in the framework of the project. The online tool will allow SMEs to undergo energy 

audits and increase their energy efficiency through effective implementations, which will be also 

measured and verified. The tool is divided into three parts which are: the data uploader, the M&T 

and the M&V tools, respectively. The data uploader tool, presented in D4.3 Tools to upload energy 

readings, allows the user to upload measurements either as files or manually via the user interface 

and these measurements are in turn used by the M&T and M&V tools. The M&T tool provides the 

energy managers with the trend regarding the so far energy consumption and with an estimation 

regarding potential energy savings that could be yielded under the implementation of energy 

efficiency measures. Additionally, it allows them to understand the correlation between energy 

consumption and production and have a clear idea regarding the energy usage in their installations. 

  



 
H2020 - 847132 

D4.4 Monitoring & Targeting (M&T) tool for energy analytics                                      Page 6 of 25 

Introduction 
SMEmPower will develop and implement a common E&T program for energy professionals in eight 

(8) countries. In this program, the energy professionals will access and use the online energy 

management M&T and M&V tools that will be developed in the project. This is to be partially 

achieved through uploading energy utility measurements, production data, and other related data, 

to a dedicated tool for this reason. These data will be used by the system to provide results. The 

complete online tool can be separated in three parts, i.e. the data uploader, the M&T tool and the 

M&V tool. The data uploader has been presented in detail in D4.3 Tools to upload energy readings, 

and its main role is to allow the energy professionals to upload their energy readings to the 

SMEmPower efficiency tool. The data that are uploaded and stored to the database can be 

accessed and used by the M&T and M&V tools.  The M&T tool provides the energy managers with 

guidance regarding the amount of energy that is consumed or expected to be consumed for a 

certain period of time. Additionally, it allows the energy manager to visualize the energy 

consumption trends and detect periods of time when the consumption differs from what could be 

named as normal or expected value. In this deliverable, the operation of M&T tool is presented. 

 General information  
In order to access the tools or any protected material, the energy professionals must register on the 

website1 as it has been previously presented in D4.2 Web platform and portal release. By logging in, 

the user will be able to access all restricted tools that can be found under the Results -> Tools menu 

at the header of the website. All the online tools that are also under development in the project are 

based on the offline excel tools that have been prepared earlier by the UTC and SERVELECT 

partners. Data entered to the tools are saved to the personal profile of each user and can be 

accessed and processed later. 

 Offline M&T excel tool 
The offline excel tool includes all the three tools that will be developed online in the project. This 

variant is developed to run on usual operating systems (e.g. Windows) and consists of several 

sheets with different functionalities. For this deliverable, only the sheets that contain the part 

related to the M&T tool are used and presented in the following sections. 

The M&T general objective is to manifest energy efficiency targets by exploiting energy 

management information. The M&T tool ƛǎ ōǳƛƭǘ ǳǇƻƴ ǘǿƻ ŎƻƴŎŜǇǘǎΣ ƴŀƳŜƭȅ άƳƻƴƛǘƻǊƛƴƎέ ŀƴŘ 

άǘŀǊƎŜǘƛƴƎέΦ ¢ƘŜ Ƴonitoring concept refers to the collection of data that describe the energy use. 

The scope is to formulate the pattern of consumption and based on this pattern, energy 

management measure can be designed, implemented, and evaluated. The targeting concept 

 
 

 

1 https:// www.smempower.com 



 
H2020 - 847132 

D4.4 Monitoring & Targeting (M&T) tool for energy analytics                                      Page 7 of 25 

defines the desirable energy consumption, i.e. an objective of reduced consumption in the future. 

The approach of the M&T in energy management studies is that loads of the SME, such as lighting, 

compressed air, electric drives, and others are controllable and can be managed. The same applies 

for various production processes such as building occupancy, raw materials, and others. Monitoring 

can be applied in aggregated level, e.g. total electrical consumption or individually per facility. 

Monitoring requires a diverse set of data, such us electrical consumption, thermal or fuel 

consumption, energy billings and variables that influence the consumption.  

After the collection of the data, the next part is the visualization. The baseline consumption pattern 

is formed. Through the visualization, the user can examine the correlation of consumption and the 

factor(s) that influence it. The most common factor is the production of the SME. Also, other 

variables can be regarded, such as weather-related data, e.g. outdoor temperature. This 

examination is accomplished through regression analysis. Critical conclusions can be extracted 

regarding the level of influence of other variables on the consumption. The aim of the regression 

analysis is to quantify what drives energy consumption. In the targeting part, the user enters the 

desired reduction of the baseline consumption pattern. The user is asked to enter realistic 

consumption reduction targets and the expected time for the target to be manifested. It should be 

noted that the target setting could be dynamic; the user can modify future targets after the 

evaluation of historical performance of pre-existing energy efficient targets or other factors that 

influence the time evolution of the consumption. Thus, the targets can be revised. The target can 

be set either by using the best historical consumption data in terms of reduction, or by entering 

completely new values of demand that have not been observed in the past.  

The next phase is the implementation of energy efficiency measures. The measures may include 

interventions on the equipment, such as replacement of existing lighting with energy efficient 

lamps, automation of some activities and processes, campaigns targeting to the personal to 

increase awareness and motivation on the benefits of energy efficiency and other organizational 

practices. After the implementation, the M&T is connected to the M&V tool. Here, the scope of 

measurement concept is to check the deviations of the new, i.e. updated consumption to the 

baseline consumption that was set in the M&T tool. This is a continuous process until the deadline 

of the consumption reduction target is met. In the M&V process, any deviations of the target 

reduction are corrected to accomplish as close as possible the target. The verification concept is the 

final evaluation of the implemented energy efficiency measure. This is held after the deadline.  

2.1. Conversion lists 

Prior to using the M&T Tool, the user must be aware of the conversion factors that are used 

throughout the tool. Thus, in the first sheet of the excel tool, ǿƘƛŎƘ ƛǎ ŎŀƭƭŜŘ άŎƻƴǾŜǊǎƛƻƴ ƭƛǎǘέΣ the 

conversion tables that are needed are available as depicted below. The conversion coefficients in all 

respective tables are automatically applied in the tool based on user preferences regarding both 

the unit type of input data, and results. For example, in Table 1 the coefficients that are included 

and which would be applied to compute the CO2 emissions in [kg] for various unit types of 

consumption in the installation, are presented. 
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Table 1: Equivalent CO2 emissions 

Equivalent CO2 Emissions 

Consumption Type Quantity per Unit Type 

ID Name [kg CO2] Unit  

1 Electrical Energy 295,8 [MWh] 

2 Thermal Energy 0,227 [MWh] 

3 Natural Gas 1,9 [m^3] 

4 Diesel 2,64 [liter] 

5 Petrol 2,392 [liter] 

 

Table 2: Conversion coefficients to [MWh] for Electrical Energy 

Convertion Coeffs. to [MWh] 

for Electrical Energy 

ID Unit Coeff. 

1 [toe] 11,63 

2 [MWh] 1 

3 [kWh] 0,001 

4 [GWh] 1000 

 

Table 3: Conversion coefficients to [MWh] for Thermal Energy 

Convertion Coeffs. to [MWh] 

for Thermal Energy 

ID Unit Coeff. 

1 [toe] 11,63 

2 [MWh] 1 

3 [Gcal] 1,163 

4 [MBtu] 0,2933 

5 [GWh] 1000 

6 [kWh] 0,001 

Table 4: Conversion coefficients to [MWh] for Natural Gas 

Convertion Coeffs. to [MWh] 

for Natural Gas 

ID Unit Coeff. 

1 [toe] 11,63 

2 [MWh] 1 

3 [m^3] 94,79 

4 [GWh] 1000 
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Table 5: Conversion coefficients to [MWh] for Diesel 

Convertion Coeffs. to [MWh] 

for Disel 

ID Unit Coeff. 

1 [toe] 11,63 

2 [MWh] 1 

3 [ton] 0,084717 

4 [liter] 84,7 

 

Table 6: Conversion coefficients to [MWh] for Petrol 

Convertion Coeffs. to [MWh] 

for Petrol 

ID Unit Coeff. 

1 [toe] 11,63 

2 [MWh] 1 

3 [ton] 0,085984 

4 [MJ] 0,0002777 

5 [litre] 85,98 

 

2.2. Electricity and fossil energy sheets 

In the following two sheets, which are άŜƭŜŎǘǊƛŎƛǘȅέ ŀƴŘ άŦƻǎǎƛƭ ŜƴŜǊƎȅέ, the user must enter the 

energy readings, as presented and explained in D4.3 Tools to upload energy readings, and the 

following table is automatically filled for each kind of energy: 

 

Figure 1: Electrical energy consumption table 
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The table in Fig.1 is filled with the monthly energy consumption of the installation, along with the 

respective energy cost in monetary unit selected by the user. Obviously, the energy consumption 

data could be entered by the user in various units, while the tool will convert them in [MWh] based 

on the right coefficient, as presented in section 2.1. At the bottom of the table, both the total, i.e. 

aggregated, and average values per annum are also calculated and provided to the user. 

After the user has successfully entered the data, three graphs are plotted automatically for each of 

the energy types, i.e. electricity and fossil. The first graph depicts the yearly energy consumption, 

the second graph depicts the equivalent CO2 emissions and the third one depicts the yearly costs of 

electricity, as presented in the following three figures.  

In Fig.2 the bar graphs embed energy consumption estimation that is illustrated with different 

colour than the one for the actual energy consumption. The meaning here is that based on past 

data and via a regression model that is applied (this will be explained in detail later on this 

document) the tool could provide estimation about the missing consumption values for the left 

months of the running year or even for the next years. This functionality is also valid for the tool 

outputs that are presented in Figs. 3 and 4 and is crucial since it could be highly appreciated by the 

users given that the estimation constitutes a projection in the future based on the trend that is 

monitored so far. 

 

Figure 2: Yearly energy consumption graph 
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Figure 3: Electrical energy consumption table 

 

Figure 4: Yearly costs with electricity 

Beside the aforementioned graphs, the main feature of the M&T tool is the so called άaonthly 

electricity and fossil consumption analysisέ.  
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Figure 5: Monthly electricity consumption analysis ς linear function 

In the monthly consumption analysis area, the user must select the trend type, the time period and 

the correlation coefficient. After selecting these parameters, the potential savings and the CO2 

reduction are calculated automatically along with a graph which depicts the trend line and the 

optimized trend line. There are 6 different regression models (approximation functions) 

implemented that will be presented in the following paragraphs as mathematical models. The 

regression/approximation models are used to obtain a real trend line based on the whole available 

(or selected by the user) data set, and an optimized trend line based on 80% of the closest to each 

other data points of the available (or selected by the user) data set. In Excel the implemented 

regression/approximation models work on the scaled data values to the selected measurement 

units. 

The evaluated potential savings from the άelectricityέ and άfossil energyέ Excel Sheets could be 

considered as consumption and/or CO2 emissions reduction targets, if the proper trend line 

functions are applied (the trend line function that best fits the historical consumption, production 

data available). These consumption / CO2 emissions reduction targets (potential savings) could be 

achieved by the SME only by identifying some good practice behaviors in its production history and 

applies it for their future production, or some bad practice behaviors that should be avoided in the 

future.   

2.2.1. Regression models calculations 

The user of the M&T tool can select the type of the regression model. The following types are 

available: linear, exponential, logarithmic, power, second order polynomial and third order 

polynomial.  

The scope of the regression analysis is to examine the correlation of the dependent variables with 

the independent ones. In the M&T tool, the dependent variable is the consumption. The 

independent one is the production. The general relationship between these two is the following: 

Consumption = slope x production + intercept  
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¢ƘŜ ǘŜǊƳ άslope x productionέ identifies which part of the consumption is influenced by the 

ǇǊƻŘǳŎǘƛƻƴΣ ǿƘƛƭŜ ǘƘŜ ǘŜǊƳ άslopeέ identifies the level, i.e. the magnitude of this influence. The 

ǘŜǊƳ άinterceptέ identifies the consumption that is not influenced by the production, i.e. the fixed 

part of the consumption. The above equation is modeled via a univariate linear model. It assumes 

that consumption is influenced by one variable. However, assumptions of multivariate models can 

be also made. The regression analysis aims at the determination of the terms άǎƭƻǇŜέ and 

άƛƴǘŜǊŎŜǇǘέ based on a given set of pair values of consumption and reduction. Once they have been 

determined, future consumption values can be drawn using updated production data. In order to 

provide a detailed analysis, the M&T tool, allows the user to enter apart from linear models, non-

linear ones. The two terms άǎƭƻǇŜέ and άƛƴǘŜǊŎŜǇǘέ denote how electrical and thermal energy are 

consumed in the SME and whether potentials of energy efficiency are present. For instance, if the 

slope is small, then small changes in the production correspond to small changes to the 

consumption. On the contrary, if the slope of the line is steep, then a small change to the 

production, i.e. reduction or increment, will lead to large change in the consumption.  

Another feature that is utilized in the analysis is the Cumulative Sum (CUSUM). It shows the 

deviation of the actual consumption and the expected baseline consumption that can be derived by 

the regression model. It is calculated over a period. When a change of the consumption is observed, 

then CUMSUM will exhibit positive or negative value. Thus, the potential energy savings can be 

tracked. Positive CUMSUM values refer to poor energy savings results. Values close to zero mean 

that the SME follow the same baseline consumption pattern. Negative values represent successful 

energy savings over time.  

In the M&T tool, the user can select, in ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ŎƻƭǳƳƴ ƻŦ ǘƘŜ ά{ǇŜŎƛŦƛŎ /ƻƴǎǳƳǇǘƛƻƴέ ǎƘŜŜǘ, 

to enter either the electricity consumption, or the thermal consumption. The specific consumption 

is a KPI. The regression plot consists of two axes, namely the specific consumption and the 

production. After the selection of the type of the regression model, a regression plot is generated. 

The plot presents two lines, i.e. the Trend Line and the Optimized Trend Line. The first can be 

regarded as the old standard, i.e. the relationship between the baseline consumption and the 

production. The Optimized Trend Line refers to the new target, i.e., the user has set a total of 20% 

reduction of consumption.  

Linear regression is the most common regression model. An example of the linear regression model 

applied to actual measurements is depicted in Fig.5. It builds a linear relationship between a 

dependent or target variable and a set of independent or explanatory variables. The explanatory 

variables influence the values of the dependent variable. Let Y = (Y1,ȣ,Yn),  be the dependent 

variable where ὲ is the number of elements that consist Y. The univariate linear regression model 

relates the scalar random variable Y to k other random variables, ὼȟȣȟὼΣ called regressors, as: 

ὣ ‍ ὼ‍ Ễ ὼ‍ ‐                          όмύ 

where ‍ ƛǎ ǘƘŜ ƛƴǘŜǊŎŜǇǘ ǘŜǊƳΣ ŀƴŘ ‐ ƛǎ ǘƘŜ ŜǊǊƻǊ ǘŜǊƳΦ 9ǉǳŀǘƛƻƴ όмύ ŘŜƴƻǘŜǎ ǘƘŀǘ ǘƘŜ ŘŜǇŜƴŘŜƴǘ 

ǾŀǊƛŀōƭŜ Y Ŏŀƴ ōŜ ŜȄǇǊŜǎǎŜŘ ŀǎ ŀ ƭƛƴŜŀǊ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŀ ǎŜǘ ƻŦ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎ ὼȟȣȟὼ Ǉƭǳǎ 
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ŀƴ ŜǊǊƻǊ ǘŜǊƳ ‐Ȣ ¢ƘǳǎΣ ǾŀǊƛŀōƭŜ Y ƛǎ ƻōǘŀƛƴŜŘ ōȅ ǘƘŜ ǎǳƳ ōŜǘǿŜŜƴ ŀ ŘŜǘŜǊƳƛƴƛǎǘƛŎ ǘŜǊƳ ŀƴŘ ŀ 

ǊŀƴŘƻƳ ƴƻƛǎŜΦ ¢ȅǇƛŎŀƭƭȅΣ ‐Ḑὔπȟ„ Σ ƛΦŜΦΣ ǘƘŜ ŜǊǊƻǊ ǘŜǊƳ Ŧƻƭƭƻǿǎ ŀ ƴƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ὔ ǿƛǘƘ ȊŜǊƻ 

ƳŜŀƴ ŀƴŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ „Ȣ ¢ƘŜ ǾŀǊƛŀōƭŜǎ ‍ȟ‍ȟȣȟ‍ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ŦǊƻƳ ǘƘŜ ŘŀǘŀΦ ¢ƘŜǎŜ 

ǾŀǊƛŀōƭŜǎ ŀǊŜ ŎŀƭƭŜŘ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎΦ !ƭǎƻΣ Y ƛǎ ŎŀƭƭŜŘ ŜƴŘƻƎŜƴƻǳǎ ǾŀǊƛŀōƭŜ ŀƴŘ ὼȟȣȟὼ ŀǊŜ 

ŎŀƭƭŜŘ ǇǊŜŘƛŎǘƻǊǎΣ ŜȄƻƎŜƴƻǳǎ ƻǊ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎΦ CƻǊ ŀƴȅ ǎƛƴƎƭŜ ƻōǎŜǊǾŀǘƛƻƴ Ὥ ρȟȣȟὲ ƻŦ ǘƘŜ 

ŘŀǘŀΣ Ŝǉǳŀǘƛƻƴ όмύ Ŏŀƴ ōŜ ŜȄǇǊŜǎǎŜŘ ŀǎΥ   

ὣ ‍ ὼȟ‍ Ễ ὼȟ‍ ‐                                    όнύ 

¢ƘŜ ŜǊǊƻǊ ǘŜǊƳ ‐ ŜȄǇǊŜǎǎŜǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǾŀƭǳŜǎ ὣ ŀƴŘ ǘƘŜ ƳƻŘŜƭ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ 

ǘƘŜƳΣ В ‍ὼ . The model of equation (2) can be expressed in matrix form: 

╨ ἦ♫ Ⱡ                                                    όоύ 

ǿƘŜǊŜΥ 

╨
ὣ
ể
ὣ

, ╧
ρ
ể
ρ

ὼȟ Ễ ὼȟ
ể Ệ ể
ὼȟ Ễ ὼȟ

, ♫
‍
ể
‍

, Ⱡ

‐
ể
‐

 

 

¢ƘŜ ǎŎƻǇŜ ƛǎ ǘƻ ŜǎǘƛƳŀǘŜ ƳŀǘǊƛȄ ♫Ȣ hƴŜ ŎƻƳƳƻƴ ƳŜǘƘƻŘ ŦƻǊ ǘƘŜ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ƛǎ ǘƘŜ hǊŘƛƴŀǊȅ [Ŝŀǎǘ 

{ǉǳŀǊŜǎ !ƭƎƻǊƛǘƘƳ όh[{!ύΦ ¢ƘŜ ŜǎǘƛƳŀǘƛƻƴ ƛǎ ƘŜƭŘ Ǿƛŀ ǘƘŜ ŜǊǊƻǊ ƳƛƴƛƳƛȊŀǘƛƻƴΥ 

‐ В ὣ ὼᴂ‍                                                                                                                                    (4) 

¢ƘŜ ŀōƻǾŜ Ŝǉǳŀǘƛƻƴ Ŏŀƴ ōŜ ǊŜǿǊƛǘǘŜƴ ŀǎΥ 

‐ ὣὣ ὣὢ‍ ‍ὢὣ ‍ὢὢ‍                                              όрύ 

¢ƘŜ ŜǊǊƻǊ ƳƛƴƛƳƛȊŀǘƛƻƴ ƛǎ ŘƻƴŜ ǘƘǊƻǳƎƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƴŘƛǘƛƻƴΥ 

π ‍ὢὢ ὣὢ                                               όсύ 

¢ƘŜ ǎƻƭǳǘƛƻƴ ƻŦ ǘƘŜ Ŝǉǳŀǘƛƻƴ όсύ ƛǎΥ 

‍ ὢὢ ὢὣ                                                όтύ 

[Ŝǘ ὣ В ὣ and ὢ В ὢ be the means of ὣ and ὢ. Intercept ‍ ƛǎ ƎƛǾŜƴ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ŜǉǳŀǘƛƻƴΥ 

‍  ὣ ‍ὢ                                                        όуύ 

[Ŝǘ Ὓὣὣ and Ὓὢὢ be the sums of squares of ὣ ŀƴŘ ὢΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜȅ ŀǊŜ ŜȄǇǊŜǎǎŜŘ ŀǎΥ 

ὛὣὣВ ὣ ὣ В ὣ ὲὣ                                                                                                (9) 

ὛὢὢВ ὢ ὢ В ὢ ὲὢ                                                                                             (10) 

The sum of cross products is Ὓὢὣ is given by: 

ὛὢὣВ ὢ ὢ ὣ ὣ В ὢὣ ὲὣὢ                                                                                (11) 
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The following equation is equivalent to equation (7): 

‍                                                             όмнύ 

The exponential regression model is the second type of regression analysis employed in this tool. 

An application of this model is depicted in the following Figure. 

 

Figure 6: Monthly electricity consumption analysis ς exponential function 

 The exponential regression model is based on the following equation: 

ὣ ‍Å                                                                                      όмоύ 

Lƴ ǘƘƛǎ ŎŀǎŜΣ ƛǘ ƛǎΥ 

‍ Å                                                                                     όмпύ 

/ƻŜŦŦƛŎƛŜƴǘǎ ‍ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎΥ 

‍
В   

В
                                            όмрύ 

¢ƘŜ ǘƘƛǊŘ ǘȅǇŜ ƻŦ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǳǎŜŘ ƛƴ ǘƘƛǎ ǘƻƻƭΣ ƛǎ ǘƘŜ ƭƻƎŀǊƛǘƘƳƛŎ ƳƻŘŜƭ ǿƘƛŎƘ Ŏŀƴ ōŜ 

ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὣ ‍ ‍ÌÎ ὼ                                                                                   όмсύ 

LƴǘŜǊŎŜǇǘ ‍ ƛǎΥ  ‍  ὣ ‍ÌÎ ὢ) 

/ƻŜŦŦƛŎƛŜƴǘǎ ‍ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎΥ 

‍
В   

В  
                           όмтύ 

¢ƘŜ ǊŜƭŀǘƛƻƴ ǘƘŀǘ ǘƘŜ ǇƻǿŜǊ ƳƻŘŜƭ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ǿƛǘƘΥ 

 ὣ ‍‍                                                                                                όмуύ 

LƴǘŜǊŎŜǇǘ ‍ ƛǎΥ  ‍ Å   
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/ƻŜŦŦƛŎƛŜƴǘǎ ‍ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎΥ 

‍
В    

В  
                             όмфύ 

!ƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ ƭƻƎŀǊƛǘƘƳƛŎ ƳƻŘŜƭ ǳǎŜŘ ƛƴ ǘƘƛǎ ǘƻƻƭΣ ƛǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎΦтΦ 

 

Figure 7: Monthly electricity consumption analysis ς logarithmic function 

¢ƘŜ ǎŜŎƻƴŘ ƻǊŘŜǊ ǇƻƭȅƴƻƳƛŀƭ ƳƻŘŜƭ ƛǎ ƎƛǾŜƴ ōȅΥ 

ὣ ‍ ὼ‍ Ễ ὼ‍ Øὥ Ễ Øὥ ‐                                                                              όнлύ 

ǿƘŜǊŜ ὥȟȣȟὥ  ŀǊŜ ǊŀƴŘƻƳ ǾŀǊƛŀōƭŜǎΦ            

LƴǘŜǊŎŜǇǘ ‍ ƛǎΥ  

‍ ὣ ‍ὢ ὥὢὢ                                                                      όнмύ 

ǿƘŜǊŜ ὢ В ὢ . 

/ƻŜŦŦƛŎƛŜƴǘǎ ‍ ŀƴŘ ὥ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΥ 

‍                                            όннύ 

‌                                                         όноύ 

ǿƘŜǊŜΥ  

Ὓὢὢ В ὢ ὢ ὢ ὢ В ὢ ὲὢὢ                                                            (25) 

Ὓὢὢ В ὢ ὢ В ὢ ὲὢὢ                                                                               (26) 

Ὓὢὣ В ὢ ὢ ὣ ὣ В ὢὣ ὲὢὣ                                                                  (27) 

¢ƘŜ ƭŀǎǘ ǘȅǇŜ ƻŦ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǳǎŜŘ ƛƴ ǘƘŜ ǘƻƻƭΣ ƛǎ ǘƘŜ ǘƘƛǊŘ ƻǊŘŜǊ ǇƻƭȅƴƻƳƛŀƭ ƳƻŘŜƭΣ ƛǘ ƛǎ ƎƛǾŜƴ ōȅ 

ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΣ ŀƴŘ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘƛǎ ƳƻŘŜƭ ƛǎ ǾƛǎƛōƭŜ ƛƴ CƛƎΦуΥ 
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ὣ ‍ ὼ‍ Ễ ὼ‍ Øὥ Ễ Øὥ Øὧ Ễ Øὧ ‐                                    όнуύ 

ǿƘŜǊŜ ὧȟȣȟὧ  ŀǊŜ ǊŀƴŘƻƳ ǾŀǊƛŀōƭŜǎΦ ¢ƘŜ ŎƻŜŦŦƛŎƛŜƴǘǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎƭȅΦ  

¢ƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ƳƻŘŜƭǎ ƛǎ ƘŜƭŘ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛƴŘƛŎŀǘƻǊǎΥ 

¶ /ƻŜŦŦƛŎƛŜƴǘ ƻŦ ŎƻǊǊŜƭŀǘƛƻƴ ƻǊ 2R : 

2 1
RSS

R
SYY

= -                                                                                                                                                   (29) 

where RSS is the residual sum of squares, which is expressed as: 
2RSS e=                                 (30) 

¶ !ŘƧǳǎǘŜŘ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ŎƻǊǊŜƭŀǘƛƻƴΣ 2

adj
R : 

2
2 1 1

1
1

( )( )
adj

R i
R

p i

è ø- -
= -é ù

- -ê ú
                                                                                                                     (31) 

ǿƘŜǊŜ p is ǘƘŜ ƴǳƳōŜǊ ƻŦ variables ŜȄŎƭǳŘƛƴƎ ǘƘŜ constant ǘŜǊƳ ‍ ώмϐ-ώоϐΦ  

 

Figure 8: Monthly electricity consumption analysis ς third order polynomial 

2.2.2. Potential savings calculations 

In both the άŜƭŜŎǘǊƛŎƛǘȅέ ŀƴŘ άŦƻǎǎƛƭ ŜƴŜǊƎȅέ ǎƘŜŜǘǎΣ the absolute value of the monthly potential 

savings value is determined as an arithmetic average between the average real vs optimized trend 

line value difference over the entire available data set (selected data range) and the consumption 

difference between the consumption predicted/provided by the real and the optimized trend lines 

for the upcoming next month (last month + 1 of the available/selected data range): 

ὓὛὥὺὩ                  (32) 

where: 

ὃὺὫὓὈὭὪὪϽВ ὙὩὥὰὝὶὩὲὨὢ ὕὴὸὝὶὩὲὨὢ              (33) 

ὔὩὼὸὓὈὭὪὪὙὩὥὰὝὶὩὲὨὢ ὕὴὸὝὶὩὲὨὢ              (34) 

https://www.statisticshowto.com/probability-and-statistics/types-of-variables/
https://www.calculushowto.com/constant-term-definition/
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where: 

¶ ὓὛὥὺὩ ς is the absolute value of the monthly potential savings 

¶ ὃὺὫὓὈὭὪὪ ς is the average value of the consumption difference between the consumption 
predicted/provided by the real and the optimized trend lines for each month from the investigated 
(selected) data set / data range. 

¶ ὔὩὼὸὓὈὭὪὪ ς is the difference between the consumption predicted/provided by the real and 
the optimized trend lines for the upcoming month (last month + 1 from the available/selected data 
range/set) 

¶ ὙὩὥὰὝὶὩὲὨ● ς is the output (consumption) value provided by the real trend line for a given ● 
input value. 

¶ ὕὴὸὝὶὩὲὨ● ς is the output (consumption) value provided by the optimized trend line for a 
given ● input value. 

2.3. Total consumption sheet 

In the total consumption sheet, the total monthly consumption is calculated by converting the 

electricity and fossil energy to a single unit in order to be able to aggregate them. The table which 

calculates the aggregated amount is depicted in the following Figure: 

 

Figure 9: Monthly total consumption aggregation 

The total aggregated consumption and costs are then plotted in two graphs. 
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Figure 10: Yearly total consumption and costs 

Following the two graphs, the user can select a time period and plot the total monthly consumption 

per month for the selected time period. The production slope is calculated automatically, as 

depicted in Fig.11. 

 

Figure 11: Monthly total consumption analysis 

2.4. Production sheet 

In this sheet, the aggregated production data analysis is applied in the same manner as in the 

previous sheet. The data imported in this sheet must be already aggregated to a single unit, as 

described previously in this document. The aggregation procedure will be taught to the energy 

experts during the courses. 

After the data has been imported, a table and a graph present them in a user-friendly way as 

depicted in the Fig.12. 














