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Executive summary

This deliverable presents theecond part of the SMEmPoweronline tool which is under
developmentin the framework of theproject The online tool will allow SMEs tmdergo energy
audits and increase their energy efficienttyough effective implementationswvhich will be also
measured and verifiedThe toolis divided into three parts which ar¢he data uploader, the M&T
and the M&V toolsrespectively The data ulpader tool presented in D4.3ools to upload energy
readings allows the user to upload measuremerggher as files or manually via the user interface
and these measurements are in tuased by the M&T and M&V tool$he M&T toolprovides the
energy maagers withthe trend regarding the so far energy consumptiamd with an estimation
regarding potential energy savindbat could be yielded under the implementation of energy
efficiency measuresAdditionally, it allows them tounderstandthe correlationbetween energy
consumptionand production and have a clear idea regarding the energy usage in their installations
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Introduction

SMEmPower willevelopand implementa commonE&T program for energy professionals in eight
(8) countries. In this program, ¢henergy professionals will access and use the online energy
management M&T and M&Yools that will be developed in the project. This is to partially
achieved through uploading energy utilityeasurementsproductiondata, andother related data

to a dedicated tool for this reason. These data willused bythe system to provide result3he
complete online tool can be separated in three parts, i.e. the data uploader, the M&T tool and the
M&YV tool. The data uploader has been presenteddetail inD4.3Tools to upload energy readings
and its main role is toallow the energy professionals to upload their energy readings to the
SMEmPower efficiency toolThe data thatare uploaded and stored to the database can be
accessed and used by the M&T and Mi&Wls. The M&T tool provides the energy managers with
guidance regarding thamount of energythat is consumed orexpectedto be consumedor a
certain period of time. Additionally, it allows the energy manager to visudlee energy
consumption trendsand detect periods of time when the consumptidiffers fromwhat could be
named as normal ogxpected valueln this deliverable, the operation of M&T tool is presented.

1.General information

In order to access the tools or apyotected material, the energy professionals musgisteron the
website as it has been previously presented in DW&b platform and portal releas®y logging in,
the user will be able to access all restricted tools that can be found under the Resiittels menu

at the header of the websitéAll the online toolsthat are also under development in the projeate
based on the offline excel toolhat have beenprepared earlier bythe UTC and BERVELECT
partners Data entered to the toolsre saved to the personal profile of each user and can be
accessed and processkder.

2. Offline M&T excel tool

The offline excel tool includes alle three tools tat will be developed online in the projecthis
variant is developedo run on usual operating systems (e.g. Windows) and conseisteveral
sheets with different functionalitiesFor this deliverable, only the sheets that contain the part
relatedto 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. Thé1&Ttool A & o6dzAf 0 dzLRRYy Gg2 O2y OSLIIaz
G G NBS G Aohilbénd cotcépSrefeg 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 designechplemented, and evaluated. The targeting concept

! https:// www.smempower.com
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defines the desirable energy consumption, i.e. an objective of reduced consumption in the future.
The approach of the MIT in energy management studies is that loads of the SME, such as lighting,
compressed air, electridrives,and others are controllable and can be managed. The same applies
for various production processes suchbaslding occupancyraw materials,and others. Monitoring

can be applied in aggregated level, e.g. total electrical consumption or individuallyaggty f
Monitoring requires a diverse set of datgsuch us electrical consumption, thermal or fuel
consumption, energy billings and variables that influence the consumption.

After the collection of the data, the next parttise visualizationThe basetie 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 regardedsuch as weatherelated data, e.g. outdoor temperature. This
examination is accomplished through regression analysis. Critical conclusions eirdmted
regardingthe level of influence of other variables on the consumption. The aithefegression
analysis is to gantify 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 trexpectedtime for the targetto be manifesed. It should be
noted that the target setting could be dynamic; the user can modify future targets after the
evaluation of historical performance of pexisting energy efficient targets or other factors that
influence the time evolution of the consumptio Thus, the targets can be revised. The target can
be set either by using the best historical consumption data in terms of redyatiohy entering
completely new values of demand that have heenobserved in the past.

The next phase is the implemetitan of energy efficieny measures. The measures may include
interventions on the equipmentsuch as replacement of existing lighting with energy efficient
lamps, automation of some activities and processeampaignstargeting to the personato
increaseawarenessand motivation on the benefits of energy efficiency and othegamizational
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. updateducoption 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 thd&V process, any deviations of the target
reduction are correctedo accomplish as closesgossible 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 thaisack
throughout the tool.Thus,in the first sheetof the excel toolg KA OK A& O f f SHe a O2
conversion tables that are needed are available as depicted bdlbe/conversion coefficients in all
respective tables are automatically appliedthe tool based on user preferences regarding both

the unit type of input dataand resultsFor example, in Table 1 the coefficietist are included

and which would be appliedo compute the CO2 emissions in [kg] for various unit types of
consumption in the installation, are presented.

D4.4 Monitoring & Targeting (M&T) tool for energy analytics Page7 of 25



J

2 |

L N
SME
mPower
Efficiency

* Xk
* *

H2020- 847132 KNS

Tablel: Equivalent CO2 emissions

Equivalent CO2 Emissions

Consumption Type

Quantity per Unit Type

ID Name [kg CO2] Unit
1 ElectricaEnergy 295,8 [MWh]
2 Thermal Energy 0,227 [MWh]
3 Natural Gas 19 [m~3]
4 Diesel 2,64 [liter]
5 Petrol 2,392 [liter]

Table2: Conversiorcoefficients 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

Table3: 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

Table4: 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 [MA3] 94,79
4 [GWh] 1000

D4.4 Monitoring & Targeting (M&T) tool for energy analytics
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2.2.

energy readings, as presentednd explainedin D4.3Tools to upload energy readingsnd the

Table5: Conversion coefficients to [MWh] fDresel

Table6: Conversion coefficients to [MWh] for Petrol

Convertion Coeffs. to [MWh]

for Disel
ID Unit Coeff.
1 [toe] 11,63
2 [MWh] 1
3 [ton] 0,084717
4 [liter] 84,7

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

Electricity and fossil energy sheet
In the following two shees, whicharea St S O i NIRO MF& & AthefuserSyu§ NidEeéhe

following tabk is automatically filledor each kind of energy

* Xk
* *

* *
* *
* gk

Update Data | Total Active Electrical Energy Consumption
2019 2018 2017 2016
Month Amount Cost Amount Cost Amount Cost Amount Cost
[MWh] [M.U.] [MWh] [M.U.] [MWh] [M.U.] [MWh] (M.U.]
January 4.010 125.037 3.869 89.626 4.411 98.542 4.188 103.347
February 3.741 115.608 4.373 101.242 4.198 92.488 4.232 103.390
March 5.355 166.251 5.190 122.508 4.891 109.094 5.337 130.586
April 4,525 140.369 4.915 120.858 4.842 107.443 4.654 113.677
May 4.630 142.572 5.063 124.892 4.433 98.573 4.434 102.094
June 4.662 143.506 5.668 139.549 5.430 116.992 4.579 106.131
July 5.195 155.916 5.582 138.727 5.728 127.002 5.574 129.321
August 5.102 153.736 5.854 147.183 5.683 127.127 4,894 113.442
September NaN NaN 4,200 109.407 3.765 83.898 3.484 83.184
October NaN NaN 3.662 95.511 3.745 81.589 3.487 81.811
November NaN NaN 3.938 102.271 4.363 97.394 3.783 83.444
December NaN NaN 4,049 105.765 4,022 90.480 3.833 83.202
Total 37.220 1.142.994 56.363 1.397.540 55.510 1.230.623 52.480 1.233.630
Average 4.653 142.874 4.697 116.462 4.626 102.552 4.373 102.803
Figurel: Electrical energy consumption table
D4.4 Monitoring & Targeting (M&T) tool for energy analytics Page9 of 25
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The table in Fig.1 islékd with the monthly energgonsumption of the installatioralong with the
respective energy cost in monetary unit selected by the user. Obvioushertby consumption
data could be entered by the user in various unitbjle the tool will convert them in [MWh] based
on the rightcoefficient as presented in section 2.1. At the bottom of the tghideth the total, i.e.
aggregatedand average values per annum are asatculated and provided to the user

After the user has successfully enterte data, three graphs are plotted &gmaticallyfor each of
the energy types, i.e. electricity and fosdihe first graph depicts the yearly energy consumption,
the second graph depicts the equivalent CO2 emissions and the thirdegnetsthe yearly costs of
electricity, apresentedin 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 consumptioheTmeaning here is that based on past
data and via a regression model tha 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
outputsthat are presented in Fig8 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.

Yearly Electricity Consumption [MWh]

mRealized mEstimated

30000,0
25000,0
20000,0
15000,0
10000,0

5000,0

2016 2017 2018 2019

Figure2: Yearly energy consumption graph
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Equivalent CO2 Emmissions [tons CO2 / year]
m Realized = Estimated

9000000,0
8000000,0
7000000,0
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3000000,0
2000000,0
1000000,0
,0

2016 2017 2018 2019

Figure3: Electrical energy consumption table
Yearly Costs with Electricity [Euro]
m Realized =~ Estimated

2500000,0
2000000,0
1500000,0
1000000,0
500000,0
,0

2016 2017 2018 2019

Figure4: Yearly costs with electricity

Besidethe aforementionedgraphs, the main feature of hM&T tool is theso calledd anthly
electricityand fossitonsumption analysés

D4.4 Monitoring & Targeting (M&T) tool for energy analytics Pagellof 25
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| Monthly - Electricity - Consumption Analysis ]
| Select Trend Type: | Linear Function | Start Month: | Jan/2016 | End Month: | Aug/2019 |  correlation Coefficient 1921% |
Potential Savings Electrical Energy Savings Cost Savings CO2 Reducti
Mountly Savings: 2427 | imwhl | 107% | %] 1998 | [Euro] 7179 | [tonsco2]
Yearly Savings 4124 | [Mwh] | 015% | [9%] 3394 | [Euro] 12198 | [tonsCO2]
=== Consumption [MWh] === Trend Line [MWh] = ===e. Optimized Trend Line [M'Wh]
3500
3.000
2.500
.....................................
IR B I B Nee— o P B PP e
1500 TN
1.000
500
0 -
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A‘\@‘@\@‘\f‘\‘é\*\\&\\»@ ‘\\*\o\p\\&)\ai\\ é‘,\é\c,\@\oo\\\ *Mé?o@“ee\ \‘&\&\\\\\

Figure5: Monthly electricity consumption analygjdinear function

In the monthly consumption analysasea the user must select the trend tgpthe time period and

the correlation coefficient. After selecting thegmrameters the potential savings and the CO2
reduction are calculated automaticalBlongwith a graph which depicts the trend line and the
optimized trend line. There are 6 different regression models (approximation functios)
implemented that will be presented in the followingaragraphsas mathematical model The
regression/approximation models are used to obtaireal trend line based on the whole available

(or selectedby the user) data seand anoptimizedtrend 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 thectsel measurement
units.

The evaluated potential savings from tidelectricitye and dfossil energy Excel Sheetsould be
considered as consumption and/or CO2 emissions reduction targethe proper trend line
functions are applied (the trend line funoh that best fits the historical consumption, production

data available). These consumption / CO2 emissions reduction targets (potential savings) could be
achieved by the SME ontby identifyingsome good practiceehaviorsin its production history and
applies it for their future productionor some bad practiceehaviorsthat 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, eonential, logarithmic, power, second order polynomial and third order
polynomial.

The scope of the regression analyisito examine thecorrelationof the dependent variablewith
the independent ones. In theVMi&T tool, the dependent variable is the camsption. The
independent one is the production. The general relationship between these two is the following:

Consumption = slope x production + intercept

D4.4 Monitoring & Targeting (M&T) tool for energy analytics Pagel2of 25
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¢ KS {s®palyx paductiah identifies which part of the consumption is influenced by the
LINE RdzOG A 2y 5 glép& idehtifias e levél, .8lothe magnitude of this influence. The

0 S NiMercépt identifies the consumption that is nabfluenced by the productioni.e. the fixed

part of the consumption. The above equation is modeledas 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 térénd 2ahdS €

G Ay (0 Shexed drdix giveres 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, tid&T tool, allows the user to enter apart from linear modefsn-

linear ones. The two term& & f ZAnd®& & y (i Sdekb Ihtivéelectrical 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 @poed 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 analgsis the Cumulative Sun{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 CUMSUMiIll exhibit positive or negative value. Thus, the potential energy savings can be
tracked. Positive CUMSUM values refer to poor energy savings results. Values closeneaero

that the SME follow the same baseline consumption pattern. Negative valpessent successful
energy savings over time.

In the M&T tool, the user can selem G KS NB A LISOGA GBS O2fdzvyy 27F, GKS
to enter either the electricity consumptigror the thermal consumption. The specific consumption

is a KPI. T 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 Trexed 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 regressn is the most common regression modé&h example of the linear regression model
applied to actual measurements is depicted in FidtSouilds 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. Yet ( Y2,8,Ys), be the dependent
variable whereg is the number of elements that consist The univariate linear regression model
relates the scalar random variablo k other random variablesp [8 hi >called regressors, as:

O 1 of E of - omo
wheref A& GKS Ayl SNOS LK S SHRHMNER NOFRBRYNOMmO RSy20Sa
Bl NAYOGF fyS 06 S SELINBaaSR Fa | fAYySIEN O208 hoyllfidzs2 v
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The sum of cross products™ dis given by:

YOoOB @® ® ® ®© B O &aw (11)
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[ — M b

The exponential regression modeltiee secondtype of regression analysemployed in this tool
An application of this model is depicted in the followkgure.

| Monthly - Electricity - Consumption Analysis ]
| Select Trend Type: | Exponential Function | Start Month: | Jan/2017 | [End Month: | Dec/2019 | Correlation Coefficient 4,04% |
Potential Savings Electrical Energy Savings Cost Savings CO2 Reduction
Mountly Savings: 9456 | [Mwh] | 438% | [%] 7424 |  [Euro] 27,97 | [tonsCO2]
Yearly Savings 1057 | mwhl [ 408% | %] 83.020 |  [Euro] 312,78 | [tonsC02]
Consumption [MWh]  --—-- Trend Line [MWh]  ----—- Optimized Trend Line [MWh]
3.500
3.000
2.500
PGS B B S N B B Reennnsn e B B G Nm EaN RS
1.500
1.000
500
0
Ja/ Feb/ Mar/ Apr/ May/ Jun/ Jul/ / May Jun/ Ju/ Aug/ Sep/ O/ Nov/ Dec/ Jm/ Feb/ Mar/ Apr/ May/ Jul / Od/ Nov/ Dex/
2017 2017 2017 2017 2017 2017 2017 2017 zm'r znn 2017 zm': zma zmx muz zma 2018 2018 2015 2018 zmn zms 2008 2015 2019 2019 2019 2019 2019 zmo 2019 mw zom 2019 2019 2019

Figure6: Monthly electricity consumption analyggexponential function
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| Select Trend Type: || Logaritmic Function |j» Start Month: | Janf2017 | End Month: | Dec/2019 |  correlation Coefficient 4,11% |
1 T
P Savings Electrical Energy Savings Cost Savings €02 Reductio
Mountly Savings: 11050 | [mMwh] | si12% | [%] 8.676 |  [Euro] 32,69 | [tonsCO2]
Yearly Savings 1227 | mwn | a7an | %] 96320 | [Euro) 362,89 | [tonsCO2]
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Figure7: Monthly electricity consumption analygjgogarithmic function
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SYY
where RSSis the residual sum of squares, which is expressed as:
RSS= ¢ (30)
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| Monthly - Electricity - Consum) Analysis |
| Select Trend Type: | Third Order Polynomial | Start Month: | Jan/2017 | End Month: | Dec/2019 |  Correlation Coefficient 4,81% |
Potential Savings Electrical Energy Savings Cost Savings CO2 Reduction
Mountly Savings: 23501 | [Mwh] | 1089% | %] 18.451 | [Euro] 69,51 | [tonsCO2)
Yearly Savings 2241 | mwhl [ 865% %] 175.935 | [Euro] 662,85 [tons C02]
== Consumption [MWh] = ====- Trend Line [MWh]  ====- Optimized Trend Line [MWh]
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Figure8: Monthly electricity consumption analygjshird order polynomial

2.2.2.Potential savings calculations
Inboth thed St SOGNR OA (& ¢ | vy RthetaBsaliteivalie ofShe Snedndy poteatiilS S i 2
savings value is determined as arthmetic average between the averageal vs optimizedtrend
line value difference over the entire available data set (selected data range) and the consumption

difference between the consumption predicted/provided by treal and theoptimizedtrend lines
for the upcoming next month (last month + 1 of the available/selected data range):

D "YOU Q (32)
where:

00 Q) OQYB  YQOA YiKQen 0 Vi ®E Q (33

0Qwo U OW@D a "YivQe Q0 M O "Yi e Q (39
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where:

1 0 "YQ g @the absolute value of the monthly potential savings

1 0 0 "Q0 0O'QINie average value of the consumption difference between the consumption
predicted/provided by thereal and theoptimizedtrend lines for each month from the investigated
(selected) data set / data range.

1 0 Qwo b @R Edifference between the consumption predicted/provided by tkal and
the optimizedtrend lines forthe upcoming month (last month + 1 from the available/selected data
range/set)

1 'YQ®a "Yie @ ds'the output (consumption) value provided by trealtrend line for a giver
input value

T 01 o"Yi g i8the output (consumption) value primed by theoptimizedtrend line for a
givene input value

2.3.

In the total consumption sheet, théotal monthly consumption is calculated by converting the
electricity and fossil energy ta single uniin order to be able to aggret@them. The table which
calculateghe aggregated amount is depicted in the followigure:

Total consumption sheet

| Consumption Type: | Total Consumption |  unit | [toe] | Gostin | [Eure] |
Monthly - Total Consumption
2019 2018 2017 2016
Month Amount Cost Amount Cost Amount Cost Amount Cost
[toe] [Euro] [toe] [Euro] [toe] [Euro] [toe] [Euro]
January 473 231.013 463 185.624 496 186.966 485 202.123
February 455 225.426 522 233.186 493 192.545 492 204.663
March 645 318.895 618 278.404 612 248.144 630 265.902
April 572 291.505 621 301.028 614 250.921 585 257.898
May 597 351.505 654 322.632 576 240.053 555 237.473
June 626 379.116 725 354.706 705 289.570 615 278.435
July 708 429.116 717 353.858 762 322.007 750 340.221
August 685 411.007 766 385.525 746 313.932 666 303.891
September 627 275.634 560 289.263 496 213.579 470 215.652
October 527 218.462 469 229.761 468 191.181 441 191.639
November 540 209.410 479 220.846 528 212.213 460 186.415
December 553 214.269 491 226.034 489 198.642 464 186.432
Total 7.009 3.555.360 7.086 3.380.868 6.985 2.859.754 6.614 2.870.744
Average 584 296.280 591 281.739 582 238.313 551 239.229
Figure9: Monthly total consumption aggregation
The total aggegated consumption and costs are then plotted in two graphs.
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FigurelO: Yearly total consumption and costs

Following the two graphs, the user can select a time period and pldiotiaé monthly consumption
per month for the selected time period. The production slope is calculated autonigficed

depicted inFigl1.

Figurell: Monthly total consumption analysis

2.4. Production sheet

In this sheet, the aggregated production data analysiapgliedin the same manner as in the
previous sheet. The data imported in this sheet mustdireadyaggregated to a single unit, as
describedpreviously in this documentThe aggregation procedure will be taught to the energy

experts during the courses.

After the data has been impatl, a tdble and a graph present them in wserfriendly way as
depicted in theFig.12
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