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Electric motors > 50% of EU electricity consumption

,I—H'r A total of 8 billion motorsin EU

—> Highimpact in energy consumption & environmental impacts
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Policies

Ecodesign Directive %

(Minimum Energy Performance Standards) S .
Financial policies

(subsidy schemes or

 Motor policies with goal to reduce significant tax rebates)

environmental impacts ﬁ//ﬂ
Non-financial policies

information campaigns and
* Focus on use phase, energy & CO, ( capacity bui‘,) dmgg)
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EU-MORE Activities EU-MORE

Background

Assessment of motor , : Analysis of efficiency Analysis of end-of-life
Palicy review :
market trends practice

New policy development

Co-creation FU-MORE Tools for impact
workshops at Knowledge Exchange projection and
member-state level Platform monitoring

Align policies with the
circular economy
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EU-MORE model for evaluating replacement policies
Agenda

Genesis provides insight into the motivation and requirements behind the
@ development of the model, elucidating its evolution and functionality.

@ Exploration serves as a quide to get started with and how to use the tool,
outlining the calculation of policy impacts.

Application presents theoretical and practical country-specific case studies.

Reflection discusses prerequisites and limitations of the model and
provides an outlook.
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1.1 Motivation & scope

1.2 Covered policies

1.5 Underlying logic

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-
CET-POLICY, with grant agreement N° 101076631.

Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or
CINEA. Neither the European Union nor the granting authority can be held responsible for them.




1.1 Motivation & scope

« The EU-M’ tool is designed to analyze the impact of existing and new policies on electric motor replacement

 The tool was created to help stakeholders and policy makers understand the implications of motor policy decisions
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1.1 Motivation & scope

* Scope of tool largely determined by Task 4.2 of the EU-MORE project and preceding tasks including electric motor market
analysis, end-of-life practices assessment, motor system efficiency trends review, past and existing policy options, and new

policy designs
S T2

Review of past and existing policy
options for the acceleration of
electric motor renovation

Design of new policies for
accelerating the renovation of
electric motors

geographic focus

timescale

sJ93aweled
JjJomawelq

Policy Projection of energy/GHG-related Policy impacts
policy impacts

Scrappage scheme

Analysis of end-of-life practice for
electric motors

Costs

Technologies
Market data

motor category
Bill of materials Past sales
Sales projections
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1.1 Motivation & scope

The EU-M°® tool is applicable to the EU-27 market for industrial electric motors, providing data on motor sales by technology, power
range, and efficiency class

The tool categorizes motors into six efficiency classes (IEO to 1E5) and five power ranges (0.75-7.5 kW to >375 kW)

Efficiency classes IEQ to IE4 represent squirrel cage induction motors (SCIM), while IES motors represent synchronous reluctance
motors (SynRM).

The EU-M® tool currently does not support the use of Variable Speed Drives (VSDs) due to a lack of reliable data on their effects
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Electric Motor Policies

1.2 Covered policies

« Policies for EU-M® chosen based on comprehensive review of past and current
electric motor policies in the EU(D2.2)

« Selected policies primarily financial, encouraging the replacement of old
motors with more efficient ones, but non-financial policies are also

considered
Subsidy Scheme Tax Incentive in combination with Information Campaigns and
Voluntary Agreements Capacity Building oy Memsures Category
« financial policy « financial policy offering tax  non-financial paolicies aimed \‘-
incentivizing the rebates to companies that at overcoming informational __'
replacement of old, replace old motors with and behavioral barriers to D
inefficient motors with energy-efficient ones. motor replacement and e —_—y
new, energy-efficient system optimization
ones. For example: For example: For example:
* Energy Efficiency Promotion Plan * e.g. Energy Investment Allowance * e.g. Klimaaktiv (Austria),
(PPEC) (Portugal), (The Netherlands)  OekoBusiness Vienna(Austria) Mandatory nformaton, , 6%
* ProkiloWatt (Switzerland), * Energy Investment Allowance (The
* National Motor Replacement Netherlands)
Program (lndla) « PFE- Program for energy eff|C|ency D2.2 Review of past and existing policies for the acceleration of electric motor renovation

(Sweden) Faassen, E.; Eichhammer, W.; Sangiorgio, I. (2024)
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1.2 Covered policies

« Financial policies like subsidy schemes and tax incentives are key for impact estimation, differing in the delivery of financial support

» Non-financial initiatives like informational campaigns enhance other policies or instigate behavioural changes, with their impact assessed
indirectly through cost-effectiveness ratios from existing programs
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1.3 Underlying logic

\ J 4
1(®)-
4 ) N

« 7 motor efficiency classes

« 2 lifetime scenarios: base cases vs.
policy scenario with early replacement

« 100 years (1950-2050)
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1.3 Underlying logic

\ J 4
1(®)-
4 ) N

« 7 motor efficiency classes
« 2lifetime scenarios: base cases vs.

policy scenario with early replacement
100 years(1950-2050)

* 12 materials
(entering +in stock + exiting)
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1.3 Underlymg |OgIC Economic & environmental [EOE
impacts =
* Energy consumption

COZeq.

« 7 motor efficiency classes
« 2lifetime scenarios: base cases vs.

policy scenario with early replacemeg
100 years(1950-2050)

12 materials
(entering +in stock + exiting)
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1.3 Underlying logic

Stock model

Product
database

Environmental
assessment

&
=)
&l
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13 Undeﬂying |Qgic Product Environmental

Stock model database assessment

-------------- | @

Stock model
* exogenously given stock (demand/stock-driven)
 endogenously calculated inflows & outflows
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13 Under’lying IOgiC Product Environmental

Stock model database assessment

ENVIRONMENTAL INPUTS

kg COZeq, [GWPI00] per product yesr (orly use phase] 37096
ka COZeq, [GWP00] aver product life [only use phase! £2219.26
Product stock . 2,
L mwaATERALS[kgimoted %70,
Aaminium 124 peryear —p ’55. %
Castiron 7.0 [ %, &
c e <L,
Copper 302 = ;_' —— W
Blecwicalstesl|  13.8¢ 8 . lifetime. .. ,
Impregration resin 0.00 5 = ¢
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Other steel 337 ki l
Packaging material n.oo _g
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- 000
- 000
Teral 23,36 products
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13 Under’lying IOgiC Product Environmental

Stock model database assessment
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13 Underlying IOgiC Product Environmental

Stock model database assessment
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1.3 Underlying logic

Product Environmental
Stock model database assessment

» Excel was chosen for the technical implementation due to its RS EERGEEE T ————----

(e.g. efficiency class,

widespread use, user-friendly interface, and adequate =
functionality. W e R
|
« This choice ensures that the EU-M°® tool can be accessed, erdifeineby..sers ey T eing
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Schematic representation of the modeling logic
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2. Exploration (»)

2.1 Getting started
2.2 Using the tool

2.5 Policy impacts and monitoring
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2.1 Getting started

Tour-through the model

« EU-M®can be downloaded directly from the EU-MORE website

* An online version of the model has been developed for direct access
and interaction without any downloads.

To get started, follow the steps below

1 Open the EU-MORE project website at https://eu-more.eu/

2 Navigate to the Downloads section

To download an Excel version on your computer for offline usage:
da Look for D4.2 Stock-model to assess the policy impact of motor policies and select
Download File

To use the web-based version for using or testing the tool online:
3b Look for D4.2 Stock-model to assess the policy impact of motor policies and select Web-
based Excel

e This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.
* ﬂﬁl * Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
S authority can be held responsible for them.
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EU-MORE

Accelerating early replacerhent of old ineffjcier
Landing page of the EU-MORE website

‘Home Project ¥ News Events v Downloads Contact Forum

Fraunhofer ISI beta tool now here available to test &
download: Modeling stock, material and
environmental impacts of circular economy
product policies. Trade-offs between early
replacement and repair of electric motors

® EU-MORE Projext B September, 2024

Download section of the EU-MORE website



https://eu-more.eu/

2.2 Using the tool

EU-MORE

e Navigation

Version v1.2
EU-MORE Deliverable D4.2 Stock-model to assess the palicy impact of motor polides

Info tab

The info tab serves as the landing page of the motor model. It contains

. . . . T nitial ication date 18.07.2024
information on version history, authors and means of providing g enerer el
feedback. Authors Rcbin Barkhausen (Fraunhofr 1)

Antoine Durand (Fraunhofer 1SI)

Sheets overview DASHBOARD for defining input values (adjust values in blue fields) and seeing an overview of results at the bottom

It provides an overview of the different sheets, including information on GRS crvsie aiifbact proph to vimolion el
the sheets which are hidden by default to keep the tool lean. For Hidden sheets The hidden sheets contain the background data and catculations. Cells and included formulas are legible but (with a few exceptions of blue shaded cells) not editable to prevent matfunction.
interested users on the functioning of the tool, the hidden sheets can be oo aformation Undar tha £8owing ik you find & a5 publcetn onthe inclnify beind the modt:

H https:, w.sdencedirect. ience/article/pii/S0921344924001540
d I S p | aye d . And another publication providing a case study applicaton:
. . ; 7S keation /885 e . X X 18 i
Project deliverable D4.3 (Policy Impact Analysis) will provide further information on the model and case study applications. The deliverable will be accessible via the project website httpsy/eu-mereeu/ by end of 2024,
Project deliverable D4.5 (Stock Model Support Documents) will indude an interactive presentation and a tutorial video. The deliverable will be accessible via the project website httpsy//eu-more.eu/ by February 2025.

Links are provided to documents or scientific articles which provide
further information on the model or its underlying logic.

Providing feedback We are happy to receive feedbacks about the moded. Please contact us via e-mail (robin.barkhau sen @isi. fraunh ofer.de or antoine.durand @isi.fraunhofer.de).

EU-MORE Project hts//ey-more.eu/

Finally, information is provided on the EU-MORE project.

gu-NoRs The LIFE Project European Motar Renovation Initiative (EU-MORE) aims to accelerate the replacement of old, inefident dectric motersin industry and
R the service sector. In the EU, faster replacement of old motors would unlock additional energy savings over and above the savings poten tial of existing
W = regulations, with all the assodated benefits, In Work Package 4 of the EU-MORE project, todls for projection, monitoring and evaluation of motor

pdlides are developed.

- Co-funded by the Eurcpean Union under project ID 101076631, Views and opinions expressed are however thoss of the author(s) only and do not
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

Info Dashboard GraphicalResults
Figure: Click bz click tour through the Excel file
EU-MORE model for evaluating replacement policies
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2.2 Using the tool

EU-MORE MOTOR MODEL (EU-M?)

Info tab Navigation

Version v1.2

The info tab serves as the landing page of the motor mode|. [[USIIEINS penps e e m—— - P — 4 >
b o o o o g nitial ication date 19,
information on version history, authors and means of providing N e tes o PR | fonmarieniabentmodelversian

& authors

Authors Rebin Barkhausen (Fraunhofer IS1)
Antoine Durand (Fraunhofer ISI)

It provides an overview of the different sheets, including information on Sheets overiew o s e rkongr oyl
the Sheets WhiCh are hidden by defaUH tO keep the tOO| |ean- FOr Hidden sheets The hidden sheets contain the background data and calculations. Cells and included formulas are legible but (with a few exceptions of biue shaded cells) not editable to prevent maifunction.
interested users on the functioning of the tool, the hidden sheets can be oo aformation Undar the £8owing ik you find & a5 publcetn onthe inclnaify beind the mod:

displayed. Z‘La"mm;..w.;man;mgfmby;p,.al;“ - Links to further information materials

de/entit addb-4e03-3312-2601b¢4162 34/detall
Project deliverable D4.3 (Policy Impact Analysis) will provide further information cn the model and case study icati The deli will be ible via the project website httpsy/eu-mare.cu/ by end of 2024,

LInkS are prOVIded tO dOCUFﬂBmS OI’ SCIEﬂtIfIC arth'eS Wh|Ch pI’OVIde Project deliverable D4.5 (Stock Model Support Documents) will indude an interactive presentation and a tutoral video. The deliverable will be accessible via the project website https://eu-more.eu/ by February 2025,
further information on the madel or its underlying logic. it b ey CONtACE infOrmation

EU-MORE Project htps//eu-more.eus for feedback

Finally, information is provided on the EU-MORE project.

The LIFE Project European Motor Renovation Initiative (EU-MORE) aims to accelerate the replacement of old, inefident dectric motersin industry and
the service sector. In the EU, faster replacement of old motors would unlock addiional energy savings over and abowe the savings poten tial of existing
L regulations, with all the assodated benefits, In Work Package 4 of the EU-MORE project, todls for projection, monitoring and evaluation of motor
polides are developed.

- Co-funded by the Eurcpean Union under project ID 101076631, Views and opinions expressed are however thoss of the author(s) only and do not
necessarily refect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

Info | Dashboard = GraphicalResults

Figure: Click bz click tour through the Excel file
EII-HORE model for evaluating replacement policies

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N° 101076631 21
Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.




2.2 Using the tool

Info tab

The info tab serves as the landing page of the motor model. It contains
information on version history, authors and means of providing
feedback.

It provides an overview of the different sheets, including information on
the sheets which are hidden by default to keep the tool lean. For
interested users on the functioning of the tool, the hidden sheets can be

Links are provided to documents or scientific articles which provide
further information on the model or its underlying logic.

Finally, information is provided on the EU-MORE project.

EU-MORE MOTOR MODEL (EU-M?)

Background informatior

Navigation

4 )

Version v1.2
EU-MORE Deliverable D4.2 Stock-model to assess the palicy impact of motor polides

Initial publication date 15.07.2024
Last update 27.11.2024 (v1.3)

Authors Rebin Barkhausen (Fraunhofer IS1)
Antoine Durand (Fraunhofer ISI)

Information on the different tabs
s, - 0f the Excel
The hidden sheets contain the background data and calculations. Cells and inclydecfocmudesg

= Click onthe + tolearn more about the hidden sheets

Sheets overview DASHBOARD

GRAPHS

UNC puD

ticle/pii/S0921344924001

And another publication provi :Sng acase s\udy apphcanon
ica.fraunhofer.de/entit

addb-4e03-2a12-2601bcd162 34/detall
Project deliverable D4.3 (Policy Impact Analysis) will provide further information on the model and case study applications. The deliverable will be accessible via the project website httpsy/eu-mare.cu/ by end of 2024,
Project deliverable D4.5 (Stock Model Support Documents) will indude an interactive presentation and a tutoral video. The deliverable will be accessible via the project website https://eu-more.eu/ by February 2025,

Providing feedbadk We are happy 10 receive feedbacks about the model. Please contact us via e-mail (robinbarkhausen @isi.fraunhofer.de or antoine.durand @isi.fraunhofer.de).

EU-MORE Project https//fey-more.eu/

The LIFE Project European Motar Renovation Initiative (EU-MORE) aims to accelerate the replacement of old, inefident dectric motersin industry and

the service sector. In the EU, faster replacement of old motors would unlock addiional energy savings over and abowe the savings poten tial of existing

l' regulations, with all the assodated benefits, In Work Package 4 of the EU-MORE project, todls for projection, monitoring and evaluation of motor
polides are developed.

EU-MORE

Co-funded by the Eurcpean Union under project ID 101076631, Views and opinions expressed are however thoss of the author(s) only and do not
necessarily refect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

Info Dashboard

GraphicalResults

Figure: Click bz click tour through the Excel file

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.
Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.




2.2 Using the tool

EU-MORE MOTOR MODEL (EU-M?)

Background information

Info tab

The info tab serves as the landing page of the motor model. It contains
information on version history, authors and means of providing e et 2141200413
feedback. Authors Robin Barkhausen {Fraunhofer ISI)

Antoine Durand (Fraunhofer IS1)

Version v13
EU-MORE Deliverable D42 Stock-model to assess the policy impact of motor policies

|t provides an OVerVieW Of the different SheetS, including infOrmatiOn On Sheets overview g;:i::SOARD it;:;inﬂigzlilnﬂglv;:;:;s(?:j;i\;i!zfigi:uifeﬂems) and seeing an overview of results ot the bottom
th e S h e Ets Wh I C h a re h I d d e n by d efa U |t tO ke e p t h e tO Ol Iea n . For Hidden sheets The hidden sheets contain the background data and calculations. Celts and Lﬂfluaeﬂformu[us are fegible but (with a few exceptions of biue shoded cells) not editable to prevent matffunction.
interested users on the functioning of the tool, the hidden sheets can be Py ot ot v et ot e

Soles of motors (with different lifetimes} that enter the market considering the activated policy megsures

d I S D |a ed 4.1_5tock_IEO Colculotes the stock for motors with different (ifetimes bosed on safes (4.1-4.7 identicol except cell £4)

- 42 _Stock_|IE1 Caiculgtes the stock for motors with different lifetimes based on sates (4.1-4.7 identical except cell £4)

4.3_Stock_|E2 Colculotes the stock for motors with different (ifetimes bosed on sfes (4.1-4.7 identicol except cell £4)

4.4_Stock_IE3 Calculotes the stock for motors with different (ifetimes bosed on safes (4.1-4.7 identicol except cell £4)

H H H H H H H 45_Stock_IE4 Calcutates the stock for motors with different (ifetimes based on sales (4.1-47 identical except cell £4)

|_| n ks are prO\”ded tO dOCU ments Or SClentlflc art|C|eS Wh |Ch prO\”de 4.6_5tock_IES(SynRM) Calcuiotes the stock for motors with different (ifetimes based on safes (4.1-4.7 identical except cell £4)

H H H H H 4.7_Stock_IE5(PM) Catculates the stock for motors with different lifetimes based on sales (4.1-4.7 identical except cell £4)

fUrther |nf0rmat|0n on the mOdel or |tS Under|y|ng |Oglc' 5_Stock_Exit Motors legving the market, based o sales pius lifetime

&_ProdArchtyp Dynamically defines material amounts and environmental impacts (based on EcoReport Tool) for specified product archetypes

7_1_Mat_Salss Calcwlates the materia! amounts
Finally, information is provided on the EU-MORE project. v e By default hidden sheets
& Env

Cotculotes the enviranmentat impacts

9_Eco Colcuiotes the ecomomic impacts
10_Paramtars Source for texts and dropdown éists throughout the Excel file
CHECK Checks if coicuiated stock matches input stock.

Further information Under the following link you find a scientific publication on the functionality behind the model
https//www sciencedirect com/science/article/pii/509213 44924001940
And another publication providing a case study application
https://publica fraunhofer de/entities fpublication/6885f9fe-addb-4e03 -aa12-2601bc41 623 4/details
Project deliverable D43 (Policy Impact Analysis) will provide further information on the model and case study applications. The deliverable will be accessible via the project website https://eu-more.eu/ by end of 2024,
Project deliverable D45 (Stock Model Suppert Documents) will include an interactive presentation and a tuterial video. The deliverable will be accessible via the project website https://eu-more eu/ by February 2025

Providing feedback We are happy to receive feedbacks about the model Please contact us via e-mail (robin.barkhausen@isi fraunhofer de or antoine.durand@isi fraunhofer de)

EU-MORE Project https://feu-more.eus.

Info Dashboard GraphicalResults
Figure: Click bz click tour through the Excel file
EU-MORE model for evaluating replacement policies

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631. 29
Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.




2.2 Using the tool

Info tab

The info tab serves as the landing page of the motor model. It contains
information on version history, authors and means of providing
feedback.

It provides an overview of the different sheets, including information on
the sheets which are hidden by default to keep the tool lean. For
interested users on the functioning of the tool, the hidden sheets can be
displayed.

Links are provided to documents or scientific articles which provide
further information on the model or its underlying logi

,information is provided on the EU-MORE

Figure: Click bz click tour through the Excel file
EII-HORE model for evaluating replacement policies

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.
Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.

Background information

Version

EU-MORE Deliverable D4.2 Stock-model to assess the palicy impact of motor polides

Initial publication date 15.07.2024

Last update

Authors

Sheets overview

Hidden sheets

Further information

Providing feedbadk

EU-MORE Project

Info

EU-MORE MOTOR MODEL (EU-M?)

vi3

27.11.2024 (v1.3)

Rebin Barkhausen (Fraunhofer ISI)
Antoine Durand (Fraunhofer ISI)

DASHBOARD
GRAPHS

for defining input values (adjust values in blue fields) and seeing an overview of results at the bottom
creates additional graphs to visualize results

The hidden sheets contain the background data and calculations. Cells and included formulas are legible but (with a few exceptions of blue shaded cells) not editable to prevent malfunction.

Under the follcming link you find a 5deﬂ tific publication on the functionality behind the mode;

https:, ticle/pii/S0921344924001

And another pubhuhon Prowvi: dng acase smdy apphcanon
ica.fraunhofer.de/entit

rec

Links to further information materials

addb-4e03-2312-2601bc416234/datall

Project deliverable D4.3 (Policy Impact Analysis) will provide further information on the model and case study applications. The deliverable will be accessible via the project website httpsy/eu-mare.cu/ by end of 2024,

Project deliverable D4.5 (Stock Model Support Documents) will indude an interactive presentation and a tutoral video. The deliverable will be accessible via the project website https://eu-more.eu/ by February 2025,

We are happy to receive feedbacks about the modd. Please contact us via e-malil (robinbarkhausen @isi.fraunh ofer.de or antoine.durand @isi.fraunhofer.de).

htps//ey-more.eu/

Navigation

4 )

The LIFE Project European Motar Renovation Initiative (EU-MORE) aims to accelerate the replacement of old, inefident dectric motersin industry and
the service sector. In the EU, faster replacement of old motors would unlock addiional energy savings over and abowe the savings poten tial of existing
l' regulations, with all the assodated benefits, In Work Package 4 of the EU-MORE project, todls for projection, monitoring and evaluation of motor

polides are developed.

EU-MORE

Co-funded by the Eurcpean Union under project ID 101076631, Views and opinions expressed are however thoss of the author(s) only and do not
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

Dashboard GraphicalResults

Information on the
EU-MORE project




2.2 Using the tool

EU-MORE MOTOR MODEL (EU-M?)

Background informatior

Navigation between sheets

Version v1.2
EU-MORE Deliverable D4.2 Stock-madel to assess the palicy impact of motor polides

To move to another sheet, click on one of e
the tabs at the bottom of the Excel. e e e et 80

Sheets overview DASHBOARD for defining input values (adjust values in blue fields) and seeing an overview of results at the bottom
GRAPHS creates additional graphs to visualize results
Hidden sheets The hidden sheets contain the background data and calculations. Cells and included formulas are legible but (with a few exceptions of biue shaded cells) not editable to prevent maifunction.
Further information Under the following link you find a sdentific publication on the functionality behind the mode:
https:, .sdencedirect. jen ticle/pii; 1344924001540
And another publication providing a case study application:
’ ica.fraunhofer.de/entit ication/6885 fafe-addb-4e03-3312-2601bc4162 34/de tail;

Project deliverable D4.3 (Policy Impact Analysis) will provide further information on the model and case study applications. The deliverable will be accessible via the project website https:/eu-marecu/ by end of 2024,
Project deliverable D4.5 (Stock Model Support Documents) will indude an interactive presentation and a tutoral video. The deliverable will be accessible via the project website https://eu-more.eu/ by February 2025,

Providing feedbadk We are happy 10 receive feedbacks about the model. Please contact us via e-mail (robinbarkhausen @isi.fraunhofer.de or antoine.durand @isi.fraunhofer.de).

EU-MORE Project hts//ey-more.eu/

gu-NoRs The LIFE Project European Motar Renovation Initiative (EU-MORE) aims to accelerate the replacement of old, inefident dectric motersin industry and
the service sector. In the EU, faster replacement of old motors would unlock additional energy savings over and above the savings poten tial of existing
regulations, with all the assodated benefits, In Work Package 4 of the EU-MORE project, todls for projection, monitoring and evaluation of motor
polides are developed.

- Co-funded by the Eurcpean Union under project ID 101076631, Views and opinions expressed are however thoss of the author(s) only and do not
necessarily refect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

Info Dashboard = GraphicalResults Tabs for navigation between sheets

Figure Click bz click tour through the Excel file

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631. 3‘
Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
" authority can be held responsible for them.




2.2 Using the tool

Dashboard Navigation
On the dashboard the user sees information O -=m-m = [ o6 | = < >
on the policies and further explanation on =k L ]

how to use the tool.

[
:
i

{

{

In‘;o Dashboard GraphicalResults
Figure: Click bz click tour through the Excel file
EII-HORE medel for evaluatlng replacement policies

P This p ojec h b f d dbyh e European Clim e Agency under the LIFE call, LIFE 2021 CET-POLICY, with grant agre N 101076631. 32
[U V\ and of e are however thos fth th r( | \y dd t Iy reflect those of the Europea or CINEA. Neither the Eur p U or the granting
ek h rity ca b h |n p bl f them.




2.2 Using the tool

Dashboard

On the dashboard the user sees [alieolgan=ielela
on the policies and further explanation on
how to use the toolf

Info | Dashboard ~ GraphicalResults

Figure: Click by click tour through the Excel file

x Th pj th b f ddbyth e Eurt p an Climate Infrastructur dE rnm tE cutive Agency under the LIFE c: IILIFEZDZWCETPUUCY with grantagre tN1D1D76831 33

and o ere are however those of the thr(i Iy not necessarily reflect those of the Europea or CINEA. Neither the Europea U or the granting
m ty P be held o p blfthm



2.2 Using the tool

Dashboard Navigation

Blue shaded cells are the one where user information can be entered (all
other cells are blocked). The following information can be entered:

== User inputs on budget & timeline

Scope of policy

 Geographical scope (EU or Member State)

+ Material to be assessed (only one at a time)

» Power class (only one power class can be selected)

Budget & timeline

* Programme budget

 Funding rate per new motor (via grants or rebates)
» Start & end year of policy

Basic assumptions (by default hidden but can be adjusted)

» Lifetime reduction (early replacement how many years earlier then technical lifetime)
» Replacement of which efficiency class(several can be selected)

» Replacement by which efficiency class (only one can be selected)

Info Dashboard GraphicalResults

Figure: Click bz click tour through the Excel file
EU-MORE model for evaluating replacement policies -

e This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.
* ﬂ'{fﬂ“ * Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
S authority can be held responsible for them.




2.2 Using the tool

Dashboard Navigation

Automatic calculations are disabled in the Excel file to facilitate usage. After
entering all information, the calculation is started by either saving the Excel
file, clicking Data > Refresh All or use your keyboard shortcut to recalculate
all formulas. Calculation might take up to 40 seconds depending on local
computing capacity.

Results are then directly displayed at the bottom of the sheet.

They are grouped into those on motor and on stock level, from industry and
policy maker perspective and for economical, environmental and material
aspects. Further information on the results is provided in part 3. Application.

Individual motor t __7 Industry
Stock LR 7/ Policy Maker
N )
\ /
\ /
A Economical -
“ Environmental

\ Material ¥ Info Dashboard GraphicalResults

Figure: Click bz click tour through the Excel file
EU-MORE model for evaluating replacement policies -

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.
Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.




2.2 Using the tool

Graphical results

Navigation

; : = 4 >
Tm o m m = om I HI [RERESEREEERRELEEEER TR L E]

The Graphical results sheet extends the numerical values on the i
Dashboard. =

il
—
=

Piiiii
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Info Dashboard GraphicalResults

Figure: Click by click tour through the Excel file
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- model for evaluating replacement policies

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.

Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.




2.2 Using the tool

Graphical results

Results on sales and stock data - Nawgatlon

Tm o m m = om "ENLERAREEREREARIRIENNNRATE P sini R ERiRIRRRRAAN

Graphs are divided into those related to sales and stock data, materials,
environmental impact and economic impacts.

Due to the possibility to enter individual policy parameters, the scaling
of the y-axis might have to be manually adjusted by clicking on the
graph. For some of the graphs, the minimum and maximum values are
automatically provided.

e ——————
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Info Dashboard GraphicalResults

Figure: Click bz click tour through the Excel file
EU-MORE model for evaluating replacement policies

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631. 31
Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.




2.2 Using the tool

Navigation

[EERERRSEEERT IR SR REE

Graphical results

Due to the possibility to enter individual policy parameters, the scaling
of the y-axis might have to be manually adjusted by clicking on the
graph. For some of the graphs, the minimum and maximum values are

automatically provided.
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Further information on the results is provided in part 3. Application.

Min/max values for
manual scaling of y-axis

"IN EREREERRREERINNENE “niriszikinia i inanain

Info Dashboard GraphicalResults

Figure: Click by click tour through the Excel file

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.
Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting

authority can be held responsible for them.



2.3 Policy impacts and monitoring

Additional information on how savings are calculated

« The motor model calculates savings compared to a base case with no
policy intervention.

 Savings are only counted for the years in which motors are removed
from the market before their technical lifetime.

» Atwo-year reduction in lifetime in the policy scenario leads to a delay
in replacing motors in the base case, with corresponding savings
occurring for those two years.

* |f the replacement motor is better than the market average at the
end of the technical lifetime, then the savings are realized over the
entire lifetime of the new motor.

» These savings apply to energy consumption, CO2 savings, and energy
costs.

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with gr antagreement N°101076631.
* Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.

EU Energy Efficiency Directive 2023

Annex V COMMON METHODS AND PRINCIPLES FOR CALCULATING THE IMPACT OF ENERGY EFFICIENCY
OBLIGATION SCHEMES OR OTHER POLICY MEASURES UNDER ARTICLES 8, 9 AND 10 AND ARTICLE 30(14)

1. Methods for calculating energy savings other than those arising from taxation measures for the purposes of
Articles 8, 9 and 10 and Article 30(14).

Obligated, participating or entrusted parties, or implementing public authorities, may use the following
methods for calculating energy savings:|[...]

2.In determining the energy savings for an energy efficiency measure for the purposes of Articles 8, 9 and 10
and Article 30(14), the following principles apply: [...]

(m)for policies that accelerate the uptake of more efficient products and vehicles, except those newly
implemented as from 1January 2024 regarding the use of direct fossil fuel combustion, full credit may be
claimed, provided that it is shown that such uptake takes place before the expiry of the average expected
lifetime of the product or vehicle, or before the product or vehicle would usually be replaced, and the

savings are claimed only for the period until the end of the average expected lifetime of the product or vehicle to
be replaced;[...]

— U normal lifetime

early o 'U’
replacement



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ%3AJOL_2023_231_R_0001&qid=1695186598766

2.3 Policy impacts and monitoring

Additional information on how savings are calculated

The calculation of the Internal Rate of Return (IRR) at the individual
motor level is an exception. This calculation is intended as a decision-
making aid for policy design and represents a hypothetical company
perspective.

The current form of the tool does not directly allow for consideration

of only savings beyond the minimum technical requirement.
nevertheless possible to do it = the user must carry out two
almost identical calculations, one with the old motor replaced with
the minimum standard and one with the more efficient option. The
difference between the two represents the savings.

The user can model an exchange obligation by setting the funding
rate to 0%.

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with gr antagreement N°101076631.
* Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.

EU Energy Efficiency Directive 2023

Annex V COMMON METHODS AND PRINCIPLES FOR CALCULATING THE IMPACT OF ENERGY EFFICIENCY
OBLIGATION SCHEMES OR OTHER POLICY MEASURES UNDER ARTICLES 8, 9 AND 10 AND ARTICLE 30(14)

1. Methods for calculating energy savings other than those arising from taxation measures for the purposes of
Articles 8, 9 and 10 and Article 30(14).

Obligated, participating or entrusted parties, or implementing public authorities, may use the following
methods for calculating energy savings:|[...]

2.In determining the energy savings for an energy efficiency measure for the purposes of Articles 8, 9 and 10
and Article 30(14), the following principles apply: [...]

(m)for policies that accelerate the uptake of more efficient products and vehicles, except those newly
implemented as from 1January 2024 regarding the use of direct fossil fuel combustion, full credit may be
claimed, provided that it is shown that such uptake takes place before the expiry of the average expected
lifetime of the product or vehicle, or before the product or vehicle would usually be replaced, and the

savings are claimed only for the period until the end of the average expected lifetime of the product or vehicle to
be replaced;[...]
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= U-HORE 3. Application A

&=

EUropean MOtor
REnovation initiative

Theoretical case study

3.2 Practical example 1

3.5 Practical example 2

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-
CET-POLICY, with grant agreement N° 101076631.

Views and opinions expressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or
CINEA. Neither the European Union nor the granting authority can be held responsible for them.




3.1 Theoretical case study N
A

Introduction

EU average
- €2,000,000 subsidy program. Copper
Country similar to Belgium or Netherlands (interms of electricity 3775 kW
production).
« Program funds 50% of new motor coSts (aigns with schemes ke £2000.000
the Portuguese Energy Efficiency Promotion Plan) 50%
* Policy for motors from 37-75 kW, active 2025 - 2030. 2095 - 2030

b Early replacement Of IE] and |E2 motors with |E[| Lifetime reduction (how many years earlier do motors leave the market, respective to

) P : 2 years
their assumed lifetime in the underlying motor market assessment)

motors. "
Replacement of efficiency level (more than one class can be selected) IET, IE2
[ J

Example is theoretical, limitations discussed in —
. Replacement by efficiency level IE4
section 4.

Table: User input for theoretical case study

All user inputs displayed on the right. e

3

Link to B4.3 Policy impact analysis
ma Barkhausen, R.; Durand, A.; Ntaras, N.; Eichhammer, W.(2024)
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3.1 Theoretical case study

Results

Key outcomes displayed on Dashboard tab after running
calculation in Excel file.

Shows motor and stock level results, industry and policy
maker perspectives, economic, environmental, and
material impacts.

Stock level results

Program replaces 1,206 motors between 2025 and 2030.

Total energy savings of 34.21GWh until 2050
 (10.35 GWh saved 2025-2030)

Also yearly savings displayed

€5,763,645 in electricity cost savings and €1,673,217 in

additional investments for IE4 motors.

Link to B4.3 Policy impact analysis
Barkhausen, R.; Durand, A.; Ntaras, N.; Eichhammer, W. (2024)
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Figure: Example graphical results: environmental impact savings by early

motor replacement
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3.1 Theoretical case study

Resuits
-1 000 000 -200 000
Environmental impacts
*  34.21GWh energy savings equals GHG savings of 12.14 _ 2000000 -400 000
thousand tonnes CO2eq. z
-3 000 000 -600 000
Material impacts
. . -4 000 000 -800 000
» FEarly replacement with [E4 motors raises demand for
copper by 26.02 tonnes. 5 000 000 1000000
e Electricity consumption [kWh]
Global warming potential [kg CO2eq.] (GWP100)
« Maximum theoretical budget of €132,784,586. . . . . .
. . Figure: Example graphical results: environmental impact savings by early
« Maximum energy savings of 2,271.36 GWh and motor replacement

environmental savings of 872.61thousand tonnes CO2eq.

Link to B4.3 Policy impact analysis
maw Barkhausen, R.; Durand, A.; Ntaras, N.; Eichhammer, W.(2024)
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3.2 Practical example 1 N
A

Introduction User inputs
Portuga
Model Assumptions: 2017 - 2018

« Excluded IEQO motors, assumed replacement of |[E1motors. Lifetime reduction (how many years earlier do motors leave the market, respective to 5 vears
° Assumed replacement motors to be |E4 their assumed lifetime in the underlying motor market assessment) y

« Assumed lifetime reduction of 5 years for [E1 motors. Replacement of efficiency level (more than one class can be selected) IET
» Power range encompassed all power classes in our model. Replacement by efficiency level IE4

» Chose 37-75 kW range to represent average power consumption and investment
costs due to data scarcity. Table: User input for practical example 1

 Assessment of the Portuguese Energy Efficiency Promotion Plan (PPEC)as a
representative subsidy scheme.

 bGth edition incentivized High Efficiency Motor installations in manufacturing,
agriculture, and fisheries.

* Incentive of 51.1%, totaling 896,767€, for replacing low-efficiency motors.
Quick motor usage assessment for proper replacement motor dimensioning.

wr

Challenges:
* Importance of available data. ’i
« Difficulty in accurately representing nuances like sector exclusion, installation cost

coverage, or motor dimensioning.
Link to D2.2 Review of past and existing policies for the acceleration of electric motor renovation

maw Faassen, E.; Eichhammer, W.; Sangiorgio, I. (2024)

EU- i ici
model for evaluating replacement policies
/'-l"

* [[j/ This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.

Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
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3.2 Practical example 1

Results

+ £896,767 budget and 51.10% funding resulted in 529 motor replacements, 26% Limitations:
higher than actual program (420).

» Might be due to the fact that that it is not clear which motor sizes have
been exchanged under the scheme, nor their purchase price and how
strongly its average diverges from the numbers of the motor market
study underlying the model

» Replaced IET1motors represent 4.78 % of all replaceable I[ETmotors from 2017-
2018.

* Exchanging IETwith IE4 motor gives 16% IRR and 5.93 years until break-even.

* Program triggered motor investments of €249,147, resulted in €3,131,171 energy
cost savings(overall net benefit of €2,882,024).

* 22.36 GWh energy consumption reduction.

+ (02eq savings of 8.59 thousand tonnes, cost-effectiveness ratio of €0.04/kWh
saved = vs. € 0.008/kWh reported by the scheme

* Additional 4.91tonnes of Copper for IE4 motors until 2050.

 Discrepancies with reported figures due to data limitations and modeling
simplifications.

* More detailed input data set might bridge these gaps.

 Highlighting inherent complexities and uncertainties in projecting and
assessing impacts of policy measures.

N This p oject th b f d dbyth e Eur p an Climate Infrastructurs dE r nmel tE cutive Agency under the LIFE call, LIFE 2021 CET-POLICY, with grant agre tN 101076631.
[0’ Views and o re are however those of the autho r(i \y not necessarily reflect those of the Europea or CINEA. Neither the Europeal U or the granting
lh ty b h\n p blf them.
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3.3 Practical example 2

Introduction

» Companies can deduct 45.5% of investment costs from taxable profit.

» Assuming a corporate tax rate of 20%, this results in a 9.1% funding
rate per motor.

» Motors with a nominal power of less than 75 kW qualify for funding.

 Program budget for 2025 is €249,000,000, unclear portion for motor
replacements.

» Assumed 1% share of budget for 0.75-7.5 kW power class. This power
class represents a fraction of overall motor market.

» Assumptions are reported in the table on the right.

e This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with grant agreement N°101076631.
* ﬁ[j/l * Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.

Assessment of the Dutch Energy Investment Allowance, a tax incentive.

Userinputs

Lifetime reduction (how many years earlier do motors leave the market, respective to
their assumed lifetime in the underlying motor market assessment)

Replacement of efficiency level (more than one class can be selected) IET
Replacement by efficiency level IE4

Table: User input for practical example 2

2 years

E3 < )



3.3 Practical example 2

Results

» Budget of €2,490,000 projects energy savings of 337.77 GWh and environmental savings of
129.77 thousand tonnes CO2eq.

» Program efficiency of €0.01/kWh saved or €0.019/kg CO2eq saved.
« Comparable to €0.014/kg CO2eq saved as reported by Dutch scheme.

» Model estimates extra demand of 91.58 tonnes of Copper until 2050.

N This p oject th b f d dbyth e Eur p an Climate Infrastructurs dE r nmel tE cutive Agency under the LIFE call, LIFE 2021 CET-POLICY, with grant agre tN 101076631.
[p’ Views and o re are however those of the autho r(i \y not necessarily reflect those of the Europea or CINEA. Neither the Europeal U or the granting
lh ty b h\n p blf them.
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4. Reflection

4.1 Prerequisites

EU-M® model results depend on quality of
user inputs and background data.

Data sources come from previous tasks of
EU-MORE project and literature.

Reliability of data sources varies.

Simplifications in background data
necessary, such as setting a static lifetime
for all motors. = In reality, motor lifetime
follows a distribution function, potentially
resulting in longer lifespan. Current model
design works with a fixed lifetime

representing the average lifetime of motors.

4.2 Limitations

* Model has necessary simplifactions that
impact accuracy (e.g. country scaling based
on gross electricity production as a proxy for
industry size).

» Can apply policy to one selected power class
per calculation.

» Requires significant computing time due to
numerous background calculation steps.

 (Calculated cost efficiencies can align with
practical policy examples, but model's
estimates should be interpreted with
caution due to simplifications and
assumptions

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-CET-POLICY, with gr antagreement N°101076631.
* Views and opinionsexpressed here are however those of the author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting

authority can be held responsible for them.

4.5 Future

« EU-M®model provides useful insights but
results depend on quality of inputs and
underlying data.

» Future improvements could include refining
datainputs and assumptions for enhanced
accuracy.

» More accurate data on motor lifetimes or
refined country scaling method could yield
mare precise estimates.

El 4 > -



EU-MORE

' “ Thank
EUropean MOtor an you
REnovation initiative Dr. Robin Barkhausen
Business unit Energy Efficiency
Further materials can be found on the EU-MORE project robin.barkhausen@isi.fraunhofer.de
website, including Fraunhofer Institute for Systems and Innovation Research ISI

* Deliverable D4.2 - EU-MORE Motor Model (EU-M)
* Deliverable D4.3 = report on policy impacts (soon available)

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-
CET-POLICY, with grant agreement N° 101076631.
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CINEA. Neither the European Union nor the granting authority can be held responsible for them.
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Back-up: Further explanation on theoretical case study N
\

Addltlonal Informatlon _! prfduc;(s)tZTkZ:;;ea;(;;G 2027 2028 2029 2030 2031 2045 2046 2047
H 2006' 0 0 0 Q—OEHdOfE:Iechmca\ﬂeumeZEZG[ZUyegrs) 0 0 0
« 2025 to 2030, the policy is active and replacements of I[E2 MOt0S g, awsl = 3 oo = o o o o ———
with higher efficiency IE4 motors generate savings. ol AN M A1) W N e o o o o
- From 2027, replacements are still occurring, but [E2 motors that ™™ Elml © s sw s s s e ) o o o
. o £ 2013] .. 0 0 0 0 0 0 0 0 0 0 0
have not been replaced (replacement share is lower than 100%) : i
are replaced at the end of their technical lifetime with market ——— ¢ —— " - - . -
average, leading to a flattening of the curve. . iiﬁiéi © o (aalast x| 2| 2 # 2 - o o o
. . . o, . ales,, 2026 ... 0 0 30 30v 30 30 30 30 30 0 0
« 2031 to 2032, a reduction in savings occurs as no additional  hownareony lzozvl T 0 o oAl 3 3 3 . 34 34 o
| ts occur and unaffected motors keep getting replaced w2l & o 0 o o o il & L @ &
rep acemen . R . p g g p 2030| 0 0 0 (] (o} 146 .. 146 146 146
after their technical lifetime. S N N N S N A N A
« 2033 to 2044, replaced motors keep generating savings, creating
a balance with continued savings. mpactson 700" —
« 2045-2050, as replaced motors exit the market and are replaced  consomption 2%
with market average, energy consumption realigns with the base
CaSG. e [ |ectricity consumption [kWh]
Figure: Explanatory representation of sales, stocks, and savings
Link to D4.3 Policy impact analysis (replacements of IE3 motors are not shown but follow the same logic)

wmm Barkhausen, R.; Durand, A.; Ntaras, N.; Eichhammer, W. (2024)
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