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INTRODUCTION

The thesis will initially briefly examine various themes and aspects related to sustainability
and energy efficiency.

These topics have become increasingly important and prominent in the last decade.

Starting from a general framework, the discussion will focus on the industrial world and the
measures adopted to address these new challenges.

In particular, standards, directives, and regulations will be considered, focusing on everything
related to the industrial world and specifically on compliance with ISO 14955/1-2-3 standards
for machine tools, studying the case of MEP SAWS S.P.A.

Compliance with regulations is not a secondary consideration, considering that by
incorporating them, various companies can access benefits and tax breaks, such as the
"Transition Plan 5.0" measure, which has been much discussed recently (end of 2025). This
measure provides tax breaks for companies that replace or add an asset to the same work
process, taking into account existing machinery whose depreciation has been completed for
at least two years.

This machinery will therefore be replaced or simply added to a new one, useful for completing
the same process as mentioned above, which will comply with ISO 14955 (in the case of MEP
SAWS S.P.A. and therefore with "measured" energy consumption) and which consumes at
least 5% less energy than the previous asset to be eligible for the tax break.

The core of the thesis will focus on the MEP case study and all the procedures performed to
achieve compliance with the 14955 standard through energy measurements during the various
daily operating phases of a machine tool (sawing machine) manufactured by the company, the
"Shark 460 Konnect."

We will then define a future development of this project, creating a mathematical model useful
for predicting energy consumption based on various processing parameters, which will be

fixed or not fixed depending on their specific weight within the model.



SUSTAINABILITY AND SUSTAINABLE ENERGY

Sustainability is a topic that has been highlighted and much discussed in recent years.

The term was introduced in 1972 during the first ONU conference on the environment (1), but
was officially defined in the Bruntland report (Halawa, 2024) as follows: "Meeting the needs
of the present generation without compromising the ability of future generations to meet their
own needs."

Sustainability and sustainable energy are synergistic concepts; in fact, the latter is also defined
in the literature as "The provision of energy in such a way as to meet the needs of the future
without compromising the ability of future generations to meet their own needs. Sustainable
energy has two key components: renewable energy and energy efficiency."(Halawa, 2024)
In fact, as can be read, the two definitions overlap.

The discussion in question (Halawa, 2024) also raises concerns about a lack of detail or clarity
regarding how these needs can be met (regarding sustainable energy).

This lack of detail could lead to controversy in energy policies formulated at the regional,
national, and global levels (just as is currently the case).

It is therefore necessary to establish the pillars of sustainable energy, including energy
efficiency and renewable energy, which will converge to create an energy transition process
defined by the ONU as "a continuous process requiring long-term energy strategies and
planning, with country-specific attention to the application of appropriate energy technologies
to achieve net-zero emissions”’(Halawa, 2024). Net-zero emissions means "achieving an
overall balance between greenhouse gas emissions produced and greenhouse gas emissions
removed from the atmosphere”(Halawa, 2024).

All this translates into efforts to reduce the extraction of energy from fossil fuels, which would
not only reduce the exploitation of these non-renewable resources but also lead to
environmental degradation, by shifting to the exploitation of more sustainable energy

resources, such as those from renewable sources.



Figure 1 Sustainability: Renewables energy

But this is not without challenges, as companies must also remain competitive as well as
economically sustainable as stated in the study proposed by Mehdi Bensouda (Bensouda et
al., 2024a).

In the corporate context, energy efficiency emerges as a fundamental strategy to achieve the
dual objective of sustainability and competitiveness (Di Foggia, 2021).

By optimizing energy use and reducing waste, companies can reduce operating costs, increase
productivity and minimize their environmental impact. (Bensouda et al., 2024b).

Indeed, as Bensouda maintains, companies around the world are increasingly recognizing the
importance of integrating sustainability into their business strategies to address environmental
issues, meet stakeholder expectations, and ensure long-term sustainability.

Energy efficiency, therefore, serves as a cornerstone of sustainability by minimizing resource
consumption and environmental impact.

This article also highlights the importance of implementing energy-saving measures such as
equipment modernization, process optimization, and the adoption of renewable energy
sources. These measures will help companies reduce overall energy consumption and
operating expenses, thus increasing profitability and reinvesting in growth initiatives.

The "Transition 5.0" plan, a measure launched by the Italian government that incentivizes
companies' dual digital and energy transition with tax credits, will be explored in the following
chapters.

In fact, the previous study, which was also referenced, positively describes the various
financial incentives and subsidies offered by governments to businesses. (Sarker et al., n.d.),

(Barkhordar et al., 2018).



Such incentives may include tax credits, grants, rebates, and low-interest loans to offset the
initial costs of implementing energy-saving technologies and practices.

By providing financial support, policymakers reduce financial barriers to entry and stimulate
private sector investment in energy efficiency.

Governments can enact regulations establishing minimum energy efficiency standards for
various sectors and industries.

These standards serve as benchmarks for companies, encouraging the adoption of energy-
efficient technologies and practices. By establishing clear goals and performance
requirements, policymakers provide a framework for companies to optimize their energy
consumption and reduce waste.

This creates a chain of benefits that companies can take advantage of, as improving efficiency
and investing in new sustainable technologies not only reduces operating costs but also allows
companies to adapt to evolving regulatory requirements.

Prioritizing energy efficiency therefore allows companies to maintain a competitive advantage
while promoting sustainable growth and long-term resilience.

Also from a political perspective, national legislatures, recognizing the need for sustainable
development, have launched various programs to reduce energy consumption in energy-
intensive industrial sectors.

For example, EU countries have set energy efficiency targets for 2020 and 2030 to reduce
energy consumption as part of their new 2050 decarbonization agreement. In addition to these
programs, the emergence of the ISO 50001 standard in 2011 for the implementation of energy

management systems is also noteworthy. (Ibn Batouta et al., 2023).



When discussing energy efficiencys, it is also important to report and quantify energy.

The use of technology not only allows for quantifying but also improving energy efficiency
in the industrial sector.

Manufacturing technologies include technological tools used to improve energy efficiency, or
to measure energy consumption and prevent losses throughout the entire production process.
They are therefore useful for improving the design and energy efficiency of manufacturing
equipment by introducing technologies such as variable-speed drives, economizers, high-
efficiency motors, leak prevention in air compressors, and measurement instruments that
provide operational energy measurement (energy measurement category), such as current and
voltage sensors or infrared cameras.

Another type of technology is Industry 4.0, which enables the improvement of the energy
efficiency of IoT (Internet of Things) devices and the optimization of large-scale power grid
energy consumption.

CPS and smart meters, part of the [oT and therefore Industry 4.0, are increasingly used for
operational energy measurement (energy measurement category). Furthermore, IoT solutions
offer real-time energy monitoring and contribute to optimal control and process settings.

For energy usage analysis (energy diagnostics category), classification and identification of
operating modes primarily use artificial neural networks (ANN) and K-means machine

learning tools. (Ibn Batouta et al., 2023).

Figure 2: IoT in the energy context



ENERGY MEASUREMENTS IN INDUSTRY, STANDARDS
AND DIRECTIVES

Figure 3: standards and directives in industrial energy context

At company level, energy measures include long-term strategies, resource planning and
management of risks related to energy use. (Schulze et al., 2016).

In other words, it is the set of decisions through which a company defines how to manage
energy in a conscious and structured manner, determining its priorities, setting realistic goals,
and identifying the tools needed to monitor and improve its energy performance over time.
On a broader level, energy policy adopted at the government level, industrially speaking,
includes measures and tools such as energy taxation, tax breaks or incentives, tax credits for
investments, the role of public banks in providing financing, and the definition of specific
consumption thresholds or parameters. (Abdelaziz et al., 2011).

A current example of political intervention in the energy sector is the Carbon Border
Adjustment Mechanism (CBAM) introduced by the European Union, designed to reduce
greenhouse gas emissions and ensure fair competition between European and foreign
producers (European Union, 2021).

Then there's the issue of organization. This includes defining models, methodologies, and
tools for effectively implementing energy management within companies. This includes
international standards, such as ISO standards, and energy performance assessment systems,
which enable the structuring of processes, responsibilities, and procedures geared toward

continuous improvement. (Ibn Batouta et al., 2023).
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The cornerstone standard for energy management is ISO 50001.
In fact, ISO 50001 defines the requirements for implementing an effective and structured
Energy Management System (EMS).
It is a global standard available to organizations for implementing a unified methodology for
establishing, implementing, maintaining, and improving an energy management system. It
requires that the promotion of energy efficiency involve the entire organization and that it is
also a requirement to be asked of suppliers.(Natale Ventura, 2023.)
Its primary objective is to support organizations in continuously improving their energy
performance, including efficiency, use, and consumption. The standard is based on the Plan—
Do—Check—Act (PDCA) cycle, ensuring a structured approach that can be integrated with
other management systems (ISO 9001, ISO 14001).
The adoption of ISO 50001 represents a strategic tool for companies, as it allows them to
transform energy from a simple operating cost into a competitive advantage, with significant
impacts on both process control and company balance sheets.
The main benefits companies can derive are:

* Reduction in energy costs by up to 30% in the medium term

* Improved energy performance

* Increased competitiveness (by reducing production costs and increasing control

over energy variables)
* Environmental benefits (by directly reducing CO2 emissions)
* Regulatory compliance and access to incentives (by helping meet legislative
requirements related to energy management)
* Improved management of industrial assets
* Energy culture and employee empowerment

* Integration with other management systems

11



In addition to meeting the requirements of ISO 50001, manufacturing companies are required
to comply with other standards, directives, and regulations.

The aim of this paper is to list the various regulatory and legislative developments that have
led to the current assessments of energy aspects for the design of industrial machinery and

machine tools, starting from research and descriptions of the past.

12



EXAMPLES OF ENERGY STANDARDS AND DIRECTIVES
IN FORCE IN THE INDUSTRIAL SECTOR

Of fundamental importance is the analysis of Directives, Regulations and Standards pertaining
to the topic in question: Directive 2009/125/CE — ErP (Energy-related Products),
Regulation (UE) 2019/1781 (past) , ISO 14955-1/-2/-3, Regulation 2024/1781.

It is important to note that EU Directives and Regulations establish legal obligations, while

ISO and IEC standards provide the technical specifications for compliance.

Directive 2009/125/CE — ErP (Energy-related Products)

Directive 2009/125/EC, also known as the ErP (Energy-related Products) Directive, is a
European Union regulation that establishes ecodesign requirements for energy-using products,
with the aim of reducing their environmental impact throughout their life cycle.
The main objectives of this directive are:

* Improve the energy efficiency of products.

* Reduce CO: emissions and resource consumption.

* Incorporate sustainability criteria into product design.

* Create harmonized standards for the European market.

The directive does not directly impose energy efficiency requirements, but provides a general
framework under which specific regulations are developed for each product category (e.g.,
electric motors, lighting, household appliances, etc.).

It applies to all products that consume energy or influence energy consumption, in this case,

ELECTRIC MOTORS.

13



Regulation (UE) 2019/1781

Since the ErP Directive, the EU has issued a series of Ecodesign Regulations specific to
each product category. This regulation also includes a detailed explanation of the specific
ecodesign requirements for electric motors and variable speed drives (VSDs) (now updated
with Regulation 2024/1781), which imposes certain efficiency requirements for electric

motors.

Regulation (UE) 2024/1781- The new standard for motors and VSDs

Effective October 1, 2024, Regulation (EU) 2024/1781 replaced Regulation (EU) 2019/1781
(but did not repeal it). It remains consistent with the latter, but expands the efficiency
requirements to include:

- New rules for part-load operation (potential future requirements).

- Increased sustainability and repairability requirements.

This regulation suggests more stringent requirements for motors and VSDs, but does not

optimize energy use at the system level.

Of fundamental importance in the discussion in question is ISO 14955, which deserves a

separate chapter to be able to analyse and describe it in more detail.

14



SUSTAINABILITY AND IMPORTANCE OF TAX INCENTIVES

INTRODUCTION

The reason for conducting energy assessments in accordance with the ISO 14955 standard is
to enable client companies to access the tax credits provided through the Transition Plan 5.0.
In fact, among the many objectives of complying with the ISO 14955 standard, there are also
economic ones, since compliance with the standard means having quantified the actual energy
consumption and therefore having objective data on the energy consumption of one's property
to display in any context where required.

This is a relevant topic. A brief description of the tax incentives and tax credits will therefore
be provided, and another chapter will focus on the Transition Plan 5.0 (which has been much

discussed recently).

A LITERATURE REVIEW ON ECONOMIC POLICIES RELATED TO
SUSTAINABILITY

Among the various literature articles it can be understood that sustainability strategies play a
crucial role in business development (Amel-Zadeh and Serafeim, n.d.).

Companies that aim for high sustainability have better access to financing and gain
competitive advantages (Ruokonen and Temmes, 2019).

Corporate sustainability, however, involves a process that implements a corporate strategy
focused on environmental, social, and governance dimensions to enhance traditional financial
analysis by identifying potential risks and opportunities that go beyond economic aspects.
Kumar (Ivascu et al., 2022) highlighted that companies that comply with ESG criteria have
better governance, greater attention to sustainable development and the environment,
experience lower earnings volatility, and have lower-cost funding.

Furthermore, studies reveal that when companies take strategic actions to improve their ESG

performance, they also improve their reputation in the eyes of various stakeholders.

15



Managers also play an important role in this whole process and must have sufficient
experience and expertise to face the specific challenges of the sector. (Zaiane and Ellouze,
2023) or a regulatory framework and enforcement mechanisms (Christensen et al., 2021),
especially in the case of mandatory adoption of ESG criteria.

Sectors such as energy and manufacturing are more sensitive to environmental issues;
therefore, managers should integrate economic and environmental dimensions into their daily
decision-making processes. Otherwise, compliance costs will be significantly high and will
drastically impact corporate financial performance. Nonetheless, the moderating role of
national regulation and monitoring and control mechanisms aimed at ensuring compliance
with environmental, social, and economic regulations is of great importance.

Furthermore, the transition to sustainable growth models at the macroeconomic level creates
distinct paths, even when a common understanding is reached.

For example, European Union economies have signed up to the Green Deal, but plan to
achieve its goals in different ways, through relatively customized public policies aimed at
addressing the local characteristics of their economies.

Also of fundamental importance are the various economic measures launched by governments
to provide profitable aid and thus provide impetus and momentum to the new policies
approved to seek to revolutionize or bring about innovation in issues affecting society, the
global economy, and therefore, consequently, change in the industrial world.

A little research in the literature confirms that economic policy design is crucial when it comes
to tax credits and investment subsidies.

The design of economic instruments must be general enough to ensure that companies have
the freedom to constantly improve their choice of technologies.

On the other hand, since the various tax deductions made available to companies are not
applied uniformly, but are usually claimed by companies already interested in innovation, and
since they are financed with public capital, such tax deductions are criticized for being wasted

on companies that do not need additional incentives to innovate. (Tchorzewska, 2024).

16



It is therefore important to define all admission or approval criteria as impartially, correctly,
and fairly as possible, clearly establishing the requirements companies must meet to access
the aforementioned tax incentives.

In this case, the "Transition 5.0" tax credit will be considered.

Figure 4: Sustainability is also economic issue

17



DEFINITION OF TAX CREDIT
To clarify, we'll define tax credit as a form of tax relief that allows companies to recover a
portion of the costs incurred in developing new, innovative products, processes, or services.
Indeed, it refers to both tax credits of a favorable nature, attributable to the issuance of
incentives for economic growth or support measures recognized following natural disasters or
other events, and tax credits resulting from the payment of taxes that are paid for amounts
greater than those actually due. Compared to the types of tax relief discussed in the previous
chapter, the unique feature of the tax credit is the ability to determine the amount of the tax
benefit to the taxpayer ex ante and, at the same time, monitor expenditure over time in terms
of resources allocated by the Administration. The operation of the tax credit is quite simple in
theory. Unlike other reliefs, it does not reduce overall income or gross tax, but rather allows
for a reduction in the amount of a tax payment due. This operation occurs through the so-
called compensatory mechanism, which, for any taxpayer, is based on the offsetting of all or
part of the tax due through the use of the claimed tax credit. This method of use represents a
significant advantage as it allows the individual taxpayer to benefit from it simply and, above
all, quickly.
Compared to other forms of public funding, whose disbursement is typically characterized by
long waits, in this case the individual receives immediate payment of the amount due.
The tax credit therefore provides an automatic incentive for the taxpayer. The credit's creation
is linked to the implementation of specific measures required by law. This also represents a
significant difference from all other forms of tax relief, in which the Public Administration

grants specific forms of "subsidy" when the taxpayer makes certain types of expenditure.

(Thesis, Franceschini, 2023)

18



“TRANSITION 5.0” PLAN INSIGHT

The Transition Plan 5.0 is a tax credit that, in conjunction with the Transition Plan 4.0, is part
of a broader strategy to support businesses' digital and energy transformation. It provides them
with €12.7 billion over the two-year period 2024-2025. (Established by Article 38 of
Legislative Decree No. 19 of March 2, 2024, converted, with amendments, by Law No. 56 of
April 29, 2024).

Specifically, in line with the short- and medium-term actions envisaged in the REPowerEU
plan, Transition 5.0, with a total budget of €6.3 billion, aims to foster the transformation of
companies' production processes, responding to the challenges posed by the twin digital and
energy transitions.

Its aim is to support the transition of the production system towards an energy-efficient,
sustainable production model based on renewable sources (F.A.Q. 1.1).

All resident companies and permanent establishments based in Italy are eligible for the grant,
regardless of their legal form, economic sector, size, or the tax regime adopted for determining
business income.

The tax credit is recognized upon achievement of specific energy objectives, which include a

reduction in energy consumption of the production facility of at least 3% or, alternatively, a

reduction in energy consumption related to the processes involved in the investment of at least

5% (MIMIT Transition Plan 5.0, 2025). (F.A.Q. 1.3.)

To provide technical clarifications regarding specific aspects, useful for the correct application
of the new incentive rules, technical clarifications have been published in the "Transition 5.0"
Operational Circular dated August 16, 2024.

Subsequently, significant changes and simplifications were introduced in the 2025 Budget
Law (law 30 December 2024 n°207), paragraphs 427-429.

Relevant and useful for the discussion is this procedural simplification (F.A.Q. 4.21):

-For the replacement of machinery that has been in its depreciation period for more than 24

months with others "having similar technological characteristics”" and "characterized by an

improvement in energy efficiency verifiable on the basis of the provisions of industry

standards or standard practice," an exemption from calculating the energy savings achieved

has been provided, with application of the parameters established for the first energy

consumption reduction bracket, without prejudice to the possibility of demonstrating a greater

contribution to energy savings.

19



Additional clarifications were then provided in the TRANSITION 5.0 FAQ document.

In the MEP SAWS case, as mentioned at the beginning of the introductory chapter, a client
company owning an MEP machine with depreciation over 24 months ago requested a new
machine that performs the same production process. This enabled it to benefit from the tax
credit in question, taking into account the simplification described above, which provides for
the exemption from calculating the energy consumption of the customer's machine, as it
lacked energy measurements previously performed at the time of sale and therefore was
unable to quantify the actual energy savings.

In this case, the term "production process" was used without providing an explanation of what
this term means within the regulation.

The meaning will be explained in the section below within the FAQs of the “Transition Plan

5.0” considered most important for the discussion.

20



TAX CREDIT PERCENTAGE TABLES

Investment quotas up to 10 million euros
% reduction in energy consumption % tax credit
Production structure: 3-6%
Process: 5-10% 35%
Production structure: 6-10%
Process: 10-15% 40%
Production structure: beyond 10%
Process: beyond 15% 45%

Table 1: Tax credit percentage of investment up to 10 milion euros

Investment shares over 10 million euros
% reduction in energy consumption % tax credit
Production structure: 3-6%
Process: 5-10% 3%
Production structure: 6-10%
Process: 10-15% 10%
Production structure: beyond 10%
Process: beyond 15% 15%

Table 2: Tax credit percentage of investment over 10 milion euros

PROCEDURE FOR ACCESSING THE BENEFIT
The procedure for accessing the incentive is subject to the presentation of an <<Ex ante>>

certification, attesting to the reduction in energy consumption achievable through the planned
investments, and an <<Ex post>> certification, proving the actual implementation of the

investments in compliance with the ex ante certification.

SUBJECTS AUTHORIZED TO ISSUE CERTIFICATIONS (F.A.Q. 2.3)
* Energy Management Experts (EGE)

* Energy Service Companies (ESCo)
« Engineers registered in sections S and B of the professional register, as well as
industrial experts and graduate industrial experts registered in the "mechanical and

energy efficiency" and "electrical systems and automation" sections

21



IMPORTANT FAQs

3.1. Q. What investments are eligible for support under the Transition 5.0 plan, and what

conditions must they meet?

A. Innovation projects started from 1 January 2024 and completed by 31 December 2025 are
eligible for support under the Transition 5.0 measure. Their object is investments that achieve
an overall reduction in energy consumption of the production facility located in the national
territory, to which the innovation project refers, of no less than 3 percent or, alternatively, a
reduction in energy consumption of the processes affected by the investment of no less than 5
percent, carried out in: - new tangible assets, instrumental to the operation of the business
referred to in Annex A to Law No. 232 of 11 December 2016, interconnected to the company
production management system or to the supply network and characterised by the additional
requirements set out in the aforementioned Annex (so-called "5+2 requirements" where

required or the interconnection requirement);

4.1 Simplified procedure (paragraph 9-bis of art. 38) 21 FEBRUARY 2025

While maintaining the certification requirement and calculating savings in equivalent TOE:s,
certifiers are allowed to base their assessments on existing standardized documentation, such
as European Regulations, industry standards, Best Available Technologies, or other
recognized equivalent evidence. This approach eliminates the need for specific calculations
on energy consumption reduction, significantly simplifying the assessment process for
accessing the benefit and allowing the company to automatically access the first energy

savings threshold and consider the verification related to the monitoring period to be satisfied.

4.2 Q. What is meant by production process?

A. In the context of the Transition Plan 5.0, a production process is defined as a set of related
or interacting activities integrated into the value chain—including technical procedures,
processing phases, or the production or distribution of services—that use resources (process
inputs) and transform them into a specific product or service or an essential part thereof
(process outputs). By way of example, and not limited to, a production process can be
considered a process that receives an input and returns an output, both of which are tracked

by the production logistics system.

22



4.3 Q. What is meant by the production process affected by the investment?

A. In the context of the Transition 5.0 Plan, the process affected by the investment means the
production process affected by the reduction in energy consumption achieved through eligible

investments.

4.7 Q. Can the calculation of the reduction in energy consumption related to the innovation

project indiscriminately concern the production structure or the process affected by the

investment?

A. Companies are free to identify the reference parameter for calculating the reduction in
energy consumption - production structure or process affected by the investment - unless the
innovation project involves investments in more than one production process: in this case the
reduction in consumption is calculated with respect to the consumption of the production

structure.

4.9. Q. How are the achievable energy savings determined when the innovation project

involves the purchase of a good intended to integrate an existing production process?

A. If the innovation project involves the purchase of an asset intended to integrate an existing
production process, even if based on different production technologies, energy savings may
be calculated by comparing the energy performance indicator of the asset to be integrated with
the energy performance indicator obtained as the average of the indicators of the pre-existing
assets constituting the process. The calculation must, in any case, be performed with reference
to the same operational variable, ensuring normalization with respect to production volumes

and external conditions that influence energy performance.

4.10 Q. The Operating Circular, in relation to the measures required to assess energy savings,

requires that the measuring instruments used to determine energy savings comply with

European Directive 2014/32/EU. Does this mean that the data the company has acquired or

can acquire from its production machinery and systems, including, for example, through MES

systems or other production information systems, are invalid?

A. MID certification, which certifies the compliance of measuring instruments with the
standards established by European Directive 2014/32/EU, covers various types of instruments,
including electricity and thermal energy meters, and is intended to ensure the accuracy of
measurements in commercial transactions and in sectors where the precise measurement of a

physical quantity is important (energy, gas, water, etc.). Regarding the energy data available
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to the company and those that can be generated by appropriate measurement campaigns,
including in relation to the ex ante and ex post certifications required by Article 15 of the
MIMIT Decree, the following must be kept in mind:

- the data generated by the production facility through on-board machine instrumentation (not
certified), managed and stored through the company's production information systems (such
as the MES) are valid for the purposes of determining the reference baselines and reporting.
- For specific measurements performed for ex ante and ex post certification purposes,
measuring instruments of an adequate accuracy class, accompanied by a valid calibration
certificate, are required to guarantee the accuracy and reliability of the measurements. The
instruments must be regularly calibrated, according to the deadlines and procedures
established by applicable regulations, as only in this way can the measurements be considered

valid for certification purposes.

4.19. Q. What requirements must the new capital good satisfy to be considered a "replacement

of tangible goods with similar technological characteristics"?

A. "Similar technological characteristics" means the new asset's ability to perform
transformation or value creation processes similar to those of the replaced asset, even through
more advanced technologies. Given the presence of such similar technological characteristics,
there are no constraints regarding size, power, or other technical characteristics between the
obsolete asset and the replacement. For example, the application of paragraph 9-bis of Article
38 of Legislative Decree 19/2024 includes the replacement of a 3-axis machining center with
a 5-axis one, or the adoption of machinery with a larger work area. Furthermore, it is specified

that there is no obligation to scrap the replaced obsolete asset.

4.20. Q. How can companies demonstrate “verifiable energy efficiency improvements based

on industry standards or practices”?

A. Improved energy efficiency can be documented through evidence produced by
manufacturers or other competent entities, based on standardized and internationally
recognized methodologies, such as, but not limited to:

a) manufacturer declarations or certified appraisals certifying:

b) test reports produced by the manufacturer in accordance with Article 9 of ISO 14955-
2
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¢) audit certificates conducted by accredited bodies demonstrating compliance with the most

up-to-date international energy efficiency standards.

4.21. Q. In relation to the replacement investments referred to in paragraph 9-bis. what type

of depreciation should be used to verify that an asset has been fully depreciated for at least 24

months?

A. For the purposes of applying the simplified procedure referred to in paragraph 9-bis,
verification of the condition for which the replaced assets must be "fully depreciated for at
least 24 months at the date of submission of the communication of access to the benefit" must
be carried out on the basis of the useful life of the asset relevant for the purposes of the civil

accounting depreciation procedure.

4.24. Q. How does the simplified procedure apply in the case of replacement of machinery

that has been fully depreciated for at least 24 months on the date of submission of the

notification of access to the benefit?

A. The answer to this question is not explicitly stated in the discussion because it is very
complex.

In fact, it provides the procedures needed to determine the actual energy savings of machinery
depreciated for at least 24 months, considering the "ex-ante" and "ex-post" situations.

All information can be found on pages 27 to 36 of the PDF F.A.Q. TRANSITION 5.0
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UPDATE NOTES TRANSITION PLAN 5.0 YEAR 2026

Just before the end of 2025, as is the case every year, the budget law was discussed. This is
an annual law through which Parliament approves the state budget, setting public revenue and
spending forecasts for the following year and the following three-year period, thus authorizing
the Government to manage public resources and implement economic policies.

It obviously also contains references to the funds for the Transition Plan 5.0.

As can be seen, there are clear differences in the structure of the Transition Plan 5.0 for 2026
when compared to that of the two-year period 2024-2025.

In fact, there are no longer any bonuses linked to energy saving.

This represents a step backwards from the previous two-year period if viewed from a
sustainability perspective, but it's not surprising considering how, especially in the final period
of 2025, the bureaucracy was handled, resulting in misunderstandings and backtracking on

the management of funds by the competent body.

Figure 5: Transition 5.0
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ISO STANDARD 14955-1/2/3 (Energy efficiency and
energy consumption measurement in machine tools)

The energy consumption of industrial machinery has become a very important parameter to
take into consideration from many points of view.

The economic one, due to the strong volatility in energy prices caused by geopolitical and
social factors. The last alarm bell was sounded in the very recent past. It was almost four years
ago, when the outbreak of tensions between Russia and Ukraine created a significant domino
effect on the markets. The shutdown of gas supplies from Russia to Europe triggered a chain
reaction that increased electricity costs, given that many European power plants use gas to
generate energy.

Furthermore, the period of uncertainty has led to fears of power outages, generating panic and
speculation, which can translate into a systematic increase in energy prices.

For example, in Italy, the PUN (Single National Price) has increased from an average of
€125/MWh in 2021 to €303.95/MWh in 2022 (+143%).

As a result, the final price paid on the bill by users (in this case by the company) has seen a
sharp increase.

This set of negative factors translates into the need to produce and/or work with machinery
that consumes the least possible amount of energy useful for carrying out their work purposes
(energy optimization).

For these reasons, the ISO 14955 standard was developed, an international standard dedicated
to the evaluation and implementation of measures to reduce the energy consumption of
machine tools.

ISO 14955 defines strategies for optimizing the energy consumption of the entire machine
tool, analyzing all machine consumption, not just any motors (e.g., cooling, lighting, auxiliary
drives), defining strategies for reducing consumption during inactivity (standby, automatic
shutdown, energy recovery), and helping to maximize the efficiency of motor use, going
beyond simple compliance with IE3/IE4 classes.

ISO 14955 was therefore the cornerstone of the study undertaken, as energy measurements
were carried out to certify the energy efficiency of machine tools (in this case, sawing
machines) so that the customer could then take advantage of the tax benefits arising from the

Industry 5.0 Transition Plan (described in the previous chapters).
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The standard is divided into two general parts and three specific parts covering different types
of industrial machinery.

The ISO 14955 standard covers the topic of energy efficiency in such a way that it can be
applied to any machine, despite the extreme diversity presented by this group of products,
particularly in terms of the technologies used (milling, turning, grinding, laser processing,
forming), the material worked (metal, wood, plastic), and the dimensions of the manufactured
products (parts ranging from the size of a tooth to windmill gears 10 meters in diameter).
The standard focuses on the main energy-consuming elements to improve environmental
performance without compromising technical potential.

ISO 14955 is a tool applicable to different levels of the market supply chain:

A) For a user purchasing a turnkey machine and wanting to know how much energy it
consumes, the standard is useful because it prescribes how the machine's energy performance
should be documented: this is what is called a "task-based testing scenario," as the
measurements are specific to the production mission ("task") considered by the customer;

B) For a user comparing multiple manufacturers, knowing the types of parts they intend to
process but not the specific production method, the standard indicates how to provide general
information on energy consumption. The "machine-based testing scenario" then requires the
definition of measurement methods by machine type and not by production mission in specific
sections of the standard;

C) A machine manufacturer can demonstrate that it has adopted design choices aimed at
energy efficiency, also for the purpose of highlighting its energy and environmental qualities

in marketing terms.
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GENERAL OVERVIEW OF THE ISO 14955 STANDARD

ISO 14955 primarily describes methods for systematically measuring the energy consumption
of machine tools and provides guidelines for designing environmentally friendly machine
tools that reduce energy consumption.

It therefore defines a rigorous technical framework for designing, measuring, and testing the
energy efficiency of machine tools.

The main content of ISO 14955 includes methods for systematically measuring energy
consumption, guidelines for energy-efficient design, operational monitoring and reporting, the
application of reference scenarios, and the integration of non-electrical energy sources.
Although previous efforts have been made to systematically measure the energy consumption
of machine tools, ISO 14955 differs in two key respects. First, it requires the measurement of
energy sources other than electrical energy, including pneumatic and thermal energy. Second,
it mandates the measurement of energy consumption in non-processing states, such as standby
and ready, and requires evaluators to calculate the annual share of time spent in each operating
state to determine total annual energy consumption.

To clarify its applicative significance and highlight current research gaps, we note that the
standard establishes a comprehensive framework that ensures standardized comparisons of
machine tool energy use under different operating conditions.

Implementations only partially meet these requirements, as non-electrical energy sources such
as compressed air are sometimes overlooked or precise definitions of operating states are
lacking. This gap highlights the need for a deeper theoretical foundation and consistent
methods that account for the different operating states defined by ISO 14955.

It is essential to measure the average power for each operating state and calculate the total
annual energy consumption by multiplying the average power for each state by the respective
annual energy sharing ratio. A crucial aspect of the standard, as described above, is the
requirement to include non-electrical energy sources, such as pneumatic energy, in
measurements and calculations. Therefore, to conduct energy consumption measurements
compliant with ISO 14955, measuring non-electrical energy sources and recognizing
operating states are key factors.

In particular, each operating state (Off, Standby, Ready, Processing, etc.) has distinct
theoretical power consumption characteristics, which reflect not only the on/off state of the
main components (e.g., spindles, servo drives, and other auxiliary components), but also

whether the machine is performing actual cutting or air cutting (warm-up operation).
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A clear theoretical analysis highlights that even short transitions (e.g., from Ready to
Processing) can cause power consumption spikes that significantly impact overall efficiency.
Another key feature of ISO 14955 is that it does not prescribe a standard workpiece or test
process, recognizing that energy comparisons between machines can be misleading due to
different specifications and cutting processes.

The standard also emphasizes that the primary objective is for each user to accurately quantify
the energy consumption of their equipment. When it is difficult to determine actual time
quotas, it allows the use of predefined time quota values. However, this standard strongly
recommends collecting usage data for an adequate period of time to calculate actual time

quotas, thus capturing the actual operating conditions of each machine. (Lee and Lee, 2025).

Parte 1: Design methodology for energy-
efficient machine tools

Parte 2: Methods for measuring energy
supplied to machine tools and machine tool
components

respect to energy efficiency
Parte 4: Principles for testing

metal-forming machine tools
with respect to energy efficiency

Parte 3: Principles for testing
metal-cutting machine tools with
Parte 5: Principles for testing
woodworking machine tools with
respect to energy efficiency
Parte (i) : Principles for testing ...

Figure 6: ISO 14955 Composition
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DESCRIPTION OF INTERESTED PARTIES OF STUDY
STANDARD ISO 14955-1,2,3

ISO 14955-1:2017 — GENERAL PRINCIPLES FOR THE ENERGY
EFFICIENCY OF MACHINE TOOLS

Part 1 addresses the energy efficiency of machine tools throughout their life cycle, identifying
the main functions and components that determine energy requirements during the use phase.
Specifically:
e Defines criteria and methods for evaluating and improving the energy efficiency of
machine tools.
e Introduces the concept of the machine's energy model, considering all its components
(motors, drives, auxiliary systems).
e Helps identify key sources of energy consumption and strategies to reduce it, such as
energy recovery and intelligent load management.Per 1’appunto in questa fase si parla
di ECO-DESIGN.
Indeed, ISO 14955-1 is dedicated to design, providing design insights for optimizing
machinery from a design perspective.
The machinery is broken down into functional work units for analysis.
Appendix A provides designers with recommendations for improving efficiency by
considering the EFFICIENCY = RESULT OBTAINED/RESOURCES USED paradigm,
suggesting, for example, weight reduction and improved motors. (QUALITY
OPTIMIZATION)

Figure 7: ISO 14955-1 Ecodesign concept
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ISO 14955-2 - ENERGY MEASUREMENT METHODS AND
EFFICIENCY EVALUATION

Part 2 supports the energy-saving design methodology by providing practical methods for
measuring the energy supplied to machines. Specifically:
* Specifies methods for measuring the energy consumption of machine tools
under real-world operating conditions.
* Provides procedures for monitoring data and defining energy performance
indicators.
« Allows comparisons between different machine tools to identify the most efficient
solutions.
In a discursive manner, therefore, part 2 aims to concretize the energy efficiency works carried
out by the designer.
The objective is to perform energy measurements (energy efficiency is assessed by
measurement) taking into account environmental conditions (temperature, humidity, and
external influences that can alter the reading), operating state (unambiguous definition of the
machine state), and machine activity (what the machine is doing in that state).
In this section, the standard introduces the two testing philosophies described in the previous
paragraph:
MACHINE-BASED SCENARIO
TASK-BASED SCENARIO
Reference measurement periods are also recommended in this section by proposing a 24-hour
reference sample shift regime to demonstrate the machine's energy behaviour under constant
production stress (Sample Shift Regime).
Alternatively, the measurement period can be defined as a Specific Shift Regime. This type
of measurement is essential when the machine's use deviates from the standard model, for
example in processes with lengthy manual setups, high variability, or intermittent production

(e.g., specific processes).
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ISO 14955-3 - ENERGY CONSUMPTION REDUCTION STRATEGIES
ON CHIP REMOVAL MACHINERY

e Explores energy consumption optimization techniques.
e Offers solutions such as intelligent motor control, energy recovery and optimised
management of idle states.
e It also focuses on design aspects to reduce waste and improve reliability over time.
This section is specific to lathes, machining centers, and milling machines.
It supports design by defining exactly how to measure the "processing" function in these

complex machines.

Figure 8: ISO 14955-3 Metal cutting machine tool: chip removal
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METHODOLOGY FOR ACCURATE MEASUREMENT
CONSIDERING ISO 14955-2

The heart of the ISO 14955-2 standard lies in a fundamental principle: energy efficiency is
assessed by measuring, not by “guessing”.
Although the standard allows the use of estimates in specific circumstances (e.g. small or
difficult to instrument users), these represent the exception and not the rule.
Applying the rule correctly means obtaining objective numerical data.
The goal is to transform energy analysis from a formal checklist to an engineering tool.
Without direct physical measurement, there is no true application of the standard and reliable

benchmarks for R&D cannot be obtained.

Figure 9: ISO 14955 Machine Tool
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WHAT TO MEASURE

To obtain a representative energy balance without overly complicating the measurement
setup, a pragmatic operating logic is necessary. The minimum objective should be to cover at
least 80% of the machine's actual consumption.

This includes the main loads such as the machine panels, main drives, and the main
peripherals: chillers, exhaust fans, and high-pressure pumps. The remaining portion
(approximately 20%) can be estimated or, in specific cases, ignored, provided that this

exclusion is explicitly justified in defining the system boundaries.

SYSTEM BOUNDARIES: MACHINE VS. MEASURING SYSTEM
Defining boundaries is the first critical step in the analysis. The standard clearly distinguishes
between the "Machine System" (everything that contributes to the function) and the
"Measurement System" (the subset actually instrumented).

TYPICAL INCLUSIONS: A chiller supplied specifically with the machine almost always
falls within the measurement perimeter. Integrated chip conveyors are also part of the system.
REASONED EXCLUSIONS: Centralized plant utilities (e.g., general fume extraction) or
rarely used components (e.g., auxiliary pumps active <0% of the time) may be excluded, but

the decision must be transparent.

« EXTERNAL ELEMENTS

MEASUREMENT SYSTEM

MACHINERY SYSTEM

Figure 10: ISO 14955-2 BOUNDARY SISTEM
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BEYOND ELECTRICITY: THE IMPORTANCE OF MULTIPLE
ENERGY CARRIERS

Figure 11: ISO 14955-2 Different energy vectors

A common mistake is to reduce ISO 14955-2 to a purely electrical standard. On the contrary,
it requires consideration of all relevant energy sources. Ignoring sources such as compressed
air often means completely distorting the energy picture of the machine.

In many industrial applications, compressed air is not simply an external service, but a
structural component of the process (e.g., for tool changes, lubrication, pneumatic
automation).

The standard provides, in Annexes A and B, the coefficients for converting these
consumptions into equivalent electrical energy.

Electrical Energy Equivalent: The standard introduces the crucial concept of "equivalent
electrical energy" to standardize different energy sources (electricity, compressed air, heat)

under a single denominator measurable in kWh.
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PRELIMINARY ANALYSIS AND INSTRUMENTATION

Before installing any instrument, rigorous work is required to structure the measurement
campaign. The quality of the final data depends entirely on planning and the selection of
suitable instruments. MID certification is not the primary requirement; overall metrological

quality is what matters.

1. Document Analysis: Study of electrical, pneumatic, and hydraulic diagrams. Identification
of energy recovery systems (e.g., regenerative drives) and "secondary"

but energy-intensive utilities, such as always-on pumps or chillers.

2. Definition of the Component-Function Matrix

Decision is made regarding what to measure, where to position the sensors, and for how long.
The matrix is constructed that associates each consumption with a specific machine function
(Article 9), essential

for reporting.

3. Instrumentation Selection and Uncertainty

Choice of instruments with a sampling frequency appropriate to the process dynamics (e.g.,
fast spindle peaks). Assessment and declaration of the extended measurement uncertainty

(instrument + transducers + setup).
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TEST SCENARIOS: SAMPLE REGIME vs. SPECIFIC REGIME

The standard builds the entire measurement methodology around the concept of "shift

regime", defining the duration of the operating states (OFF, READY, PROCESSING) within

a 24-hour evaluation period.

SAMPLE REGIME

SPECIFIC REGIME

This is the "basic" reference
standard (Sample Shift Regime),
typically consisting of: 4 hours
OFF, 4 hours READY, 16 hours
PROCESSING.

Use: Ideal for internal
comparisons between similar
machines, for basic technical
documentation, and for
providing standardized data
during sales. It represents a

theoretical average of 2.5 shifts.

Derived from actual production data,
machine logs, or MES systems.

It can include additional statuses
such as warm-up, setup,
maintenance, or tooling.

Use: Essential when you want to
draw a realistic energy profile based
on the customer's specific usage
context. It allows you to "cluster"
similar activities for detailed

analysis.

Table 3: Sample and Specific Regime

Technical note: Choosing between the two regimes radically changes the final results. The

specific regime is preferable for energy audits, while the sample is useful for R&D

benchmarking.
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MEASUREMENT STRATEGIES: MACHINE-BASED vs. TASK-BASED
There is no absolute "right" method for measuring efficiency. ISO 14955-2 proposes two
complementary approaches, to be selected

based on the objectives of the analysis (technical marketing, design, or customer audit).

MACHINE-BASED TASK-BASED APPROACH
APPROACH

It focuses on typical machine It starts with the specific production
behavior during a standardized task: a part or family of parts with
shift. It measures baseline defined geometry, tolerances, and
consumption in kWh/24h for a cycle times. It measures the specific
defined mix of states (OFF, energy for that task (kKWh/part
READY, PROCESSING). or kWh/kg removed).

It is the ideal choice for flexible This is the correct approach for
machines that produce many custom systems or when processing
different part numbers, or for large batches of identical products. It
series production machines measures the actual impact of actual
where a baseline is required to production.

be declared to the market.

Table 4: Machine-Based and Task-Based approaches

FROM MEASUREMENT TO DATA: CLEANING AND
INTERPRETATION

Once test scenarios and measurement methodologies have been defined, the acquisition phase
is just the beginning. The added value of the measurement technician lies in the ability to
transform raw data into coherent information. Measuring is relatively simple; correctly
interpreting physical phenomena requires specific expertise.

Signal Cleaning: Elimination of obvious outliers such as electromagnetic noise spikes, non-
representative transients, or setup errors. Data must be "clean" to be statistically valid.
Physical Consistency Verification: Critical analysis of values: for example, negative powers
are a "red flag" if there are no recovery systems (possible inverted sensor). If there is DC bus
regeneration, negative values must be correctly quantified.

Sample Representativeness: Verify that the measured periods actually align with the operating
states declared in the scenario. "Outlier" cycles due to operator errors or abnormal shutdowns

that would distort the average must be excluded.
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REPORTING AND CONCLUSIONS: COMPLIANCE WITH ARTICLE
9
ISO 14955-2 concludes with Article 9, which defines the mandatory report structure.

Standardized reporting is essential for data readability and comparability over time.

MANDATORY ELEMENTS OF THE REPORT
Machine type, serial number, model, type

Machine description

of processing.
o . Machine boundaries and measuring
System description
system.
Measurement setup Tools used, sampling points, simultaneous
methods.

Energy by carrier, by operating state and

Results by component.
. Component-function matrices and bar
Mapping charts.
Metrolo Explicit statement of uncertainty and
gy assumptions.

Table 5: Elements of the report in ISO 14955-2 Article 9

STRENGTHS: Repeatable method, multi-vector approach, and strong connection to design
(ISO 14955-1). Transform efficiency into technical data.
LIMITS: It does not provide absolute benchmarks (good/bad). Comparisons between

manufacturers remain difficult due to differences in scenarios and scope.
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CONCLUDING REMARKS ON ISO 14955

In conclusion, to recap, the standard's goal is not to define whether a machine "consumes a lot
or a little," but to provide designers with a standard methodology for collecting robust data.
This data is essential for designing more efficient machines, documenting technical
improvements, and accurately estimating the energy associated with the production of a single
part or an entire production cycle.

ISO 14955 is not an easy-to-apply standard; it requires in-house expertise in both
customization and process. If rigorously applied, it becomes a very useful tool for driving

sustainable innovation in the machine tool industry.
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ENERGY CERTIFICATION: ISO 14955 COMPLIANCE (MEP
SAWS S.P.A. CASE)

Figure 12: MEP logo

This work focuses on the execution of an energy measurement campaign carried out on an
industrial sawing machine, the SHARK 460 KONNECT, manufactured by MEP SAWS
S.p.A., in accordance with the requirements of the ISO 14955 standard.

The objective of the activity was to quantify the actual energy consumption of the machine
under representative operating conditions, adopting a standardized and repeatable
methodology. By applying ISO 14955, energy measurements were performed considering the
different operating states of the machine, the definition of system boundaries, and the
contribution of the main energy-consuming components.

The application of the ISO 14955 framework allowed the transformation of energy efficiency
from a qualitative concept into a measurable and objective parameter, providing reliable data
for technical evaluation, regulatory compliance, and potential access to energy-related
incentives. The results of this measurement campaign represent a fundamental basis for
assessing the energy performance of the machine tool and for supporting future optimization
and design improvements.

Following the chapter “Methodology for accurate measurement considering ISO 14955-2” all
the steps taken to make the SHARK 460 KONNECT machine compliant with the standard
will be described.
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MACHINERY DATA

Typology: AUTOMATIC SAWING MACHINE
Power supply: 400V 50 Hz
Rated installed power: 15,5 kW

WHAT TO MEASURE

The standard requires measuring at least 80% of the machine's actual consumption. Therefore,
for safety's sake, two measuring devices were installed, one upstream of the main circuit
breaker and the other immediately after the main circuit breaker. This also captures the

machine's shutdown phase, during which the digital multimeter installed first will detect line

voltage, but will actually draw no current.

SYSTEM BOUNDARIES
| BLADE HOLDER MOVEMENT OF | |
HEAD ADVANCE VICE CLAMPING OF
ELECTRICITY PIECE MACHINING
CHIPS
POWER AXIS CUTTING BLADE
MOVEMENT TENSIONER i
N il .
V| . WORKING TOOL VENTILATION
|\ _ | soouanr™) [ __BAND CUTTING BLADE FAN
R J — AUXILIARY
,_-| . S¥STEM
| CUTTING .
| 1 |
o T‘E WORKED BOUNDARY CONDITIONS
\ WASHING FIECE OF THE BANDSAW

Figure 13: System Boundaries

The machine system is included in this diagram. All the energy-consuming components and

all the inputs and outputs that comprise the system are shown here.
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ENERGY VECTORS

This machine uses only one energy source: electricity.
This energy will be used to power the appliances highlighted in the image below.

For more details on the technical characteristics of the energy-intensive components

highlighted, please refer to the "Appendix" chapter at the end.

DOUBLE CHANNELL AXIS

LTRIC PUMP

Figure 14: MEP SHARK 460 KONNECT saw and energy-intensive components
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PRELIMINARY ANALYSIS AND INSTRUMENTATION

WIRING DIAGRAM

DOCUMENT ANALYSIS
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The wiring diagram page shown is obviously an extract from the complete wiring diagram of
the SHARK 460 KONNECT machine. It shows the wiring diagram needed for connecting the
two digital multimeters for measuring VOLTAGE and CURRENT, and consequently

POWER, to measure the machine's energy consumption during operation.

DEFINITION OF THE COMPONENT-FUNCTION MATRIX

For the measurement test, it was decided to install two digital multimeters in the machine (one
upstream of the circuit breaker and one immediately after the circuit breaker, upstream of the
EMC filter).

The two digital multimeters are both equipped with an Ethernet interface expansion module,
useful for reading data.

The data will be stored in a .csv file using the multimeter manufacturer's proprietary interface
software.

The test scenarios and measurement strategy were then defined (all of this will be described

in the following sections).
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INSTRUMENTATION SELECTION AND UNCERTAINTY

MEASUREMENT MADE WITH:
- 2X DMG300 MODULAR LCD MULTIMETER, EXPANDABLE, 128x80 PIXEL

GRAPHIC LCD,HARMONIC ANALYSIS, 100...240VAC/110...250VDC AUXILIARY
POWER SUPPLY.

Product type: Multifunction digital measuring instrument

Current detection: TA /5A /1A

Active energy measurement accuracy: Class 0.5s (IEC/EN 62053-22)

Reactive Energy: Classe 2 (IEC/EN 62053-23)

Harmonic analysis order: 31st order

Sampling period: 0,06 s — Sampling frequency ~ 16,67 Hz

Figure 16: Multimeter

- 2X EXM SERIES EXPANSION MODULE... FOR MODULAR PRODUCTS, ISOLATED
ETHERNET INTERFACE

Functions: Communication port

Installation type: DIN Guide 35 mm

Accessories for: DMG300; DMED310T2; DMECD

ramst e

DYSY VY

Figure 17: Ethernet expansion module
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- 6X 6XDMOTO0050 Current transformer, pass-through type, for @22mm cable, S0A
Product type: Current transformers

Type TA: pass-through type

Primary current Ipn (/5) [A]: 50

-
N

Figure 18: Current transformer (TA)

LOGICAL DIAGRAM OF VOLTAGE AND CURRENT SAMPLING POINTS

VOLTAGE SAMPLING POINTS
-ST(UNLOAD): Connections of single-pole cords to the input of the magnetothermic switch

passing through the three-pole fuse holder

[
Q0 [1]>[1] -FM11 [2] > -ST(UNLOAD) [V1],
Q0 [3] > [1] -FM11 [2] > -ST(UNLOAD) [V2],
Q0 [5] > [1] -FM11 [2] > -ST(UNLOAD) [V3]
]

-ST(LOAD): Connections of single-pole cords to the emc filter output passing through the

three-pole fuse holder

[
-FT1[L1°] > [1] -FM1[2] > -ST(LOAD) [V1],
_FT1[L2°] > [1] -FM1[2] > -ST(LOAD) [V2],
-FT1[L3°]>[1] -FM1[2] > -ST(LOAD) [V3]
]
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CURRENT SAMPLING POINTS
TYPETA: OPENED TA

-ST(UNLOAD): TA positioned on the wires of the main power cable (-WAL) at the input of

the magnetothermic circuit breaker.

[

-JB1 [-XAL:L1] 9 -QO[1]

_ST(UNLOAD) [11:51] < > -ST(UNLOAD) [11:52]
LJB1 [-XAL:L2] e -Q0[3]
_ST(UNLOAD) [12:51] « > -ST(UNLOAD) [12:52]

-JB1 [-XAL:L3] e -QO0[5]

-ST(UNLOAD) [13:S1] j —|—> -ST(UNLOAD) [13:S2]
]

-ST(LOAD): TA positioned on cords between the magnetothermic switch output and the
EMC filter input.

[
-Q0[2] e -FT1[L1]
-ST(LOAD) [11:51] I —L -ST(LOAD) [11:S2]

-Q0[4] e -FT1[L2]

-ST(LOAD) [12:51] I —L -ST(LOAD) [12:S2]
-Qo0[6] 9 -FT1[L3]
-ST(LOAD) [13:51] j —|—>—ST(LOAD) [13:S2]

* the naming of the components (with their respective PINs) is the same as that found on the

]

electrical diagram extract page
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MULTIMETER INSTALLATION PHOTOS

Figure 19: How to measure inside electrical panel
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TEST SCENARIO

Although part 2 of the standard builds the entire measurement methodology around the
concept of "shift mode," defining only three operating states (OFF, READY, PROCESSING),
in this case, a SPECIFIC MODE scenario was considered, including intermediate operating
states such as setup, standby, and emergency stop.

The representative work cycle for processing a material was divided into eight phases, taking
into account a standardized work cycle.

This means measuring each individual phase once and then normalizing it based on its actual
repetitions within the eight-hour working day.

The total measurement duration was 24.78 minutes at an outside temperature of 28°C.

DETAILED DESCRIPTION SPECIFIC MEASURED SHIFT REGIME

In this test, the description of the measured phases is equivalent to describing the specific shift
regime.
The specific shift regime was divided into 8 phases, which record the energy performance of

the machine tool under different operating conditions.

In PHASE 1, power is measured with the machine off, i.e., with the main switch in the OFF
position.

The reading was recorded with the digital multimeter located upstream of the main switch to
ensure that the report reader understands that the main switch was left open and therefore no
current is detected by the current transformers. However, the voltage at the ends of the leads
will be detected because it comes from the power downstream provided by the company plant
and terminates at the ends of the leads wired to pins 1, 3, and 5 of the main switch.

PHASE 1 was recorded by the instrument for 1.402 minutes. However, working in a specific
test scenario, structured by daily work shift, the time considered useful for Phase 1 was 20
minutes. This is because it was assumed that the next phase, that of switching on, is carried
out twice (once in the morning and once after returning from the lunch break) and that the

operator takes 10 minutes to arrange his personal items, put on his work overalls and start the

shift.
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In PHASE 2, the power-up phase, the machine will be powered, meaning the main switch
will be turned to ON and then closed.

From now on, the readings that will be taken into consideration are those taken by the digital
multimeter positioned across the EMC filter, located immediately after the main switch.

This phase was measured over a 2-minute period, that is, until the initial screen appears on the
machine's HML

As mentioned in the previous phase, Phase 2 was considered twice during the work shift;

therefore, in the standardized time, it will be 4 minutes.

In PHASE 3, the machine is in STANDBY mode, meaning the axes that control the brushless
motors for the cutting arc's ascent/descent, the feeder's advancement/retraction toward the
cutting plane, and the axis that controls the spindle motor (cutting blade) are not powered.
Energy consumption is derived from the auxiliary circuit.

During this phase, the material processing program is created via the HMI, but this is only
assumed each time the machine is powered on, so twice.

The machine remains in STANDBY mode.

The measurement was performed over 0.167 minutes, but a stand-by period of one hour was
estimated in the standardized cycle (operator pause at the end of a cut, in addition to

considering the cutting program creation time).

In PHASE 4, the axes will supply power to the motors they control. This is because the axis
zeroing phase occurs.

They will position themselves at a default position defined by the machine program and are
therefore ready for the cutting cycle start command.

This phase was measured for 1.338 minutes.

Since it occurs outside of the cutting phase only shortly after the machine is turned on (ready
for a new cut, but perhaps the machining operation begins after a few minutes of standby or
after an emergency button is pressed), it was decided to separate this initial zeroing into a
single phase, while the other zeroings that occur after the end of the machining phase will be
incorporated into it.

Therefore, with two start-ups, the time duration normalized to the work cycle is 3 minutes.

PHASE 5 involves setup. This involves positioning the piece to be cut inside the feeder.
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This phase is managed both manually by the operator, who uses specific tools to prepare the
piece inside the machine, and also by opening and closing the cutting clamps to grip and secure
the piece. In this phase, the cutting bow is finally lowered to bring it closer to the piece.

The measurement was performed for 7 minutes, considering a piece long enough not to be
touched again until the end of the cuts in the first half-day of work.

This process was considered twice within the standardized work cycle, lasting 14 minutes.

In PHASE 6, the material is cut.

As you might imagine, this is the most energy-intensive phase, as the spindle motor supplies
power to move the blade and therefore cut the piece. The other axes used to move the machine
will also operate based on the settings configured via the cutting program; specifically, the
speed rate, or blade rotation speed, and the feed rate, or cutting arc descent speed.

This phase, with the set parameters (explained previously) and with the type of blade and
material being cut, lasted 17.934 minutes.

In the representative cycle, approximately 20 cuts are made during a work day, 10 for each

half-work day, for a total of 357 minutes.

An emergency stop was considered in PHASE 7. This means that, upon completing a cut, the
operator, to check that the machine is ready, presses the emergency button to stop the machine
in a safe and controlled manner.

After the cut, the machine will therefore be with the cutting arc fully raised and the axes
already zeroed, but no one can rule out the possibility that during this operation it is in another
processing phase.

This was measured to take 0.095 minutes, and it is estimated that the machine is in this

operating phase for approximately 20 minutes in an 8-hour workday.

In PHASE 8, the machine shutdown was defined; therefore, the main switch is turned to the
OFF position.

The measurement was taken for 0.486 minutes, but in the standardized cycle, one minute is
estimated for each shutdown.

There will be a total of two shutdowns per day, and thus, in the Specific Mode definition, a

total of two minutes will be available for shutdown.
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N° PHASE

DESCRIPTION PHASE

DESCRIPTION OF
OPERATIONS CARRIED OUT
IN THE PHASE

PHASE 1
(MO1)

MACHINE OFF

-MACHINE CONNECTED TO
THE GRID ELECTRICITY
WITH THE MAIN SWITCH IN
THE OFF POSITION

PHASE 2
(M02)

MACHINE POWER ON

POWERING THE MACHINE BY
TURNING THE MAIN SWITCH
TO ON (OFF = ON)

PHASE 3
(M03)

STAND-BY

“MACHINE WAITING WITH
AXES NOT POWERED

- MATERIAL PROCESSING
PROGRAM CREATION [EX
NOVO]

PHASE 4
(M04)

MACHINE WITH POWER AXES FOR THE ZERO-SETTING
PHASE

-ZERO-SETTING AXES

PHASE 5
(MO05)

EQUIPMENT

- PIECE POSITIONING IN THE
FEEDER

- PIECE CLAMPING (OPENING
AND CLOSING OF CUTTING
CLAMPS)

- LOWERING THE CUTTING
ARC ON THE PIECE

- NO FURTHER ACTIVE
SERVICES IN THE MACHINE

PHASE 6
(M06)

PROCESSING OF THE PIECE

“START CUTTING CYCLE
- EXECUTION OF ALL
MACHINING OF SAMPLE
PIECES

- RETURN TO ZERO OF THE
AXES (RETURN OF THE ARC
UPWARDS AND SUBSEQUENT
GO DOWN FOR THE NEXT
CUT)

PHASE 7
(M07)

EMERGENCY STOP

-EMERGENCY STOP
PRESSURE

PHASE 8
(M08)

MACHINE TURN OFF

- SWITCHING OFF THE
MACHINE BY ROTATION OF
THE MAIN SWITCH (ON >
OFF)

Table 6: Phases definition in specific shift regime (MEP CASE)

MEASUREMENT STRATEGY: MACHINE-BASED APPROACH

As can be seen from the description of the test scenario, the approach for the measurement

strategy used was MACHINE-BASED, in fact the 8 phases defined in the specific regime

scenario are phases that take place in a standardized shift regime.
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EXTRACTION, CLEANING AND DATA INTERPRETATION

a
X])]C\\ Trend @ User admin Auth. level -- [

Ho

)me  Channel Device Monitoring Trend Parameters Commands Events Alarm Log Utility

electric

Device DMG300 = . Trending

Setcolorand Ly Legend .
graph visibility 9 =—AEQV(A) ==VLLEQV (V) = kW EQV (kW)
A Eqv Current (A) | vl 6.92A
Scale range Min | 0 Max | 0
v Eqv Phase-To-Phase Voltage - [l ] 383.31V 400
Scale range Min | 0[5 Max 0
KW Eqv Active Power (kW) [ ] ) 4.01 kW
300
Scale range Min 0 Max | 0
Select UV [ ] O
@
Scale range Min Max E 2004
]
Select UM [ ] O =
Scale range Min Max
— 100
Select UMV | ]
Scale range Min Max
Select UV O 0
Scale range Min Max
Select UV [ |
T T T T T
Scale range  Min Max 11:04:10 11:04:15 11:04:20 11:04:25 11:04:30 11:04:35
Step time interval (sec.) 10§| Show/Hide Min-Max [\] Time
Acquisition time Min 0 Sec | 0
Use your mouse right button to pan graph UP or DOWN, LEFT or RIGHT only when graph plot is off '_\‘\
e Use your mouse wheel to zoom graph IN or OUT i
I Device DMG300 Rev. 10 Serial 23030336 0| MODBUSTCP - TCP - 192.168.85.103:502 | ]
= o . < 11:04
mm Q Cerca B 3 0 [:I ::0 | - ﬁ_. ‘? g ~E RO s
Figure 20: Screenshot dashboard LOVATO XPRESS PROGRAMM
1 TREND GRAPH SERIES - MODEL CODE DMG300 ID MODEL 3 - DATE/TIME 11/09/2025 12:00:26
2
3 T Tempo [min] secondi AEQV (A) ensione fase-fase P potenza [kW] |E energia [Wh]lMedia P potenza [kW] E energia [Wh]
4 2025/09/11 11:58:22.517 1,18 387,10 0,22
5 |2025/09/11 11:58:22.572 0,055 0,001 0,055 1,18 387,10 0,22| 0,003361108 0,22
6 2025/09/1111:58:22.629 0,112 0,002 0,057 1,18 387,10 0,22| 0,003483351" 0,22

Figure 21: Screenshot .xlsx extracted datas

The two images above are respectively the screenshots representing:

- Program dashboard useful for graphical interfacing with the PC for data visualization and
extraction

- Data extracted in .xIsx format and manipulated to output the correct power value in Wh or

kWh.

At this point, it's important to focus on the "Energy [Wh]" column.
This column was added by setting up the formula for calculating energy consumed.
Starting with the basics, Energy [kWh or Wh] is defined as:

Energy = Power * Time

Since the power measurements provided by the multimeter are in kW, for ease of viewing the

energy result, we chose to express it in Wh for all phases except phase 6 (expressed in kWh).
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Then, the column corresponding to the energy required at that sampling time has the following
formula:

Energy [Wh] = (Power [KW] * 1000) * (Time [s] / 3600)

This way, the power is expressed in W and multiplied by the time expressed in hours (h).
This result, however, is for each individual cell which, as previously mentioned, represents a
single sampling.

To obtain the total energy required by each individual phase, with the data available in this

manner, simply add the entire range of cells in the "E energy" column.
a2 Energy [Wh] = (Power [KW] * 1000) * (Time [s] / 3600)
with a and z respectively the first and last useful cells of the column “E energy [Wh]”

To express the energy values in kWh, referring to step 6, simply divide the previously set

formula by 1000.

Of no secondary importance, since it is useful for calculating energy, the "seconds" column
has also been modified, which represents the duration of each individual sample in seconds.
The value is almost always constant and is approximately 0.06 seconds (equivalent to 1 /

sampling frequency).

The table of quantities displayed in the next section concerning the display of graphs and the

calculations performed is shown below.

Quantity Units Description
P kwW Instantaneous Power
Average P kW Average Power phase 1
E Wh or kWh Instantaneous Energy
\Y \Y Voltage phase-phase (L1-L2-L3) instantaneous average
T min Time duration phase

Table 7: Summary table of graphed quantities (measurement results)
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MEASUREMENT RESULTS AND CALCULATIONS

The tests were performed in accordance with the principles of ISO 14955-1, the measurement
methods defined in ISO 14955-2 and the test principles for chip-cutting machine tools
described in ISO 14955-3.

PHASE 1 (M01) - MACHINE OFF

PHASE 1- MACHINE OFF

0,50 0,20

0,15

0,40 0,10
0,30 005 a
a 0,00 &
[5}
0,20 0,05 Z

-0,10

0,10 ’
-0,15
0,00 -0,20
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Figure 22: Graph POWER — AVERAGE P. PHASE 1

PHASE 1- MACHINE OFF
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Figure 23: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 1

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power =0 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0 [kW]*1000) * (1,402 [min]/60) =0 Wh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE
Average Power =0 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0 [kW]*1000) * (20 [min]/60) =0 Wh
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PHASE 2 (M02) - MACHINE POWER ON

PHASE 2 - MACHINE POWER ON
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Figure 24: Graph POWER — AVERAGE P. PHASE 2
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Figure 25: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 2

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power = 0,2 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0,2 [kW]*1000) * (2,061 [min]/60) = 6,73 Wh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE
Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0,2 [kW]*1000) * (4 [min]/60) = 13,4 Wh
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PHASE 3 (M03) - STAND-BY

PHASE 3 - STAND-BY
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Figure 26: Graph POWER — AVERAGE P. PHASE 3
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Figure 27: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 3

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power = 0,21 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0,21 [kW]*1000) * (0,167 [min]/60) = 0,58 Wh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE

Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0,21 [kW]*1000) * (60 [min]/60) =210 Wh
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PHASE 4 (M04) - MACHINE WITH POWER AXES FOR THE ZERO-SETTING PHASE

PHASE 4 - MACHINE WITH POWER AXES FOR THE ZERO-

SETTING PHASE
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Figure 28: Graph POWER — AVERAGE P. PHASE 4
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Figure 29: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 4

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power = 0,4 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0,4 [kW]*1000) * (1,338 [min]/60) = 8,92 Wh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE
Energy = (Average Power [kW] * 1000) * (time [min.] / 60) = (0,4 [kW]*1000) * (3 [min]/60) = 20 Wh
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PHASE 5 (M05S) - EQUIPMENT

PHASE 5 - EQUIPMENT
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Figure 30: Graph POWER — AVERAGE P. PHASE 4

PHASE 5 - EQUIPMENT
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Figure 31: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 5

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power = 0,51 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60)=(0,51 [kW]*1000) * (7 [min]/60) = 59,5 Wh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE
Energy = (Average Power [kW] * 1000) * (time [min.] / 60)=(0,51 [kW]*1000) * (14 [min]/60) =119 Wh
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PHASE 6 (M06) - PROCESSING OF THE PIECE

PHASE 6 - PROCESSING OF THE PIECE
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Figure 32: Graph POWER — AVERAGE P. PHASE 6

PHASE 6 - PROCESSING OF THE PIECE
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Figure 33: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 6

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power = 3,9 kW

Maximum peak = 4,78 kW

Minimum peak = 1,51 kW

Energy = (Average Power [kW]) * (time [min.] / 60) = (3,9 [kW]) * (17,934 [min]/60) = 1,166 kWh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE
Energy = (Average Power [kW]) * (time [min.] / 60) = (3,9 [kW]) * (357 [min]/60) = 23,205 kWh

62



PHASE 7 (M07) - EMERGENCY STOP

PHASE 7 - EMERGENCY STOP
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Figure 34: Graph POWER — AVERAGE P. PHASE 7
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Figure 35: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 7

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power = 0,25 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60)=(0,25 [kW]*1000) * (0,095 [min]/60) = 0,4 Wh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE
Energy = (Average Power [kW] * 1000) * (time [min.] / 60)=(0,25 [kW]*1000) * (20 [min]/60) = 83,3 Wh
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PHASE 8 (M08) - MACHINE TURN OFF

PHASE 8 - MACHINE TURN OFF
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Figure 36: Graph POWER — AVERAGE P. PHASE 8
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Figure 37: Graph ENERGY — VOLTAGE PHASE-PHASE PHASE 7

CALCULATIONS REFERRING TO THE MEASUREMENT CYCLE

Average Power = 0,08 kW

Energy = (Average Power [kW] * 1000) * (time [min.] / 60)=(0,08 [kW]*1000) * (0,486 [min]/60) = 0,64 Wh
CALCULATIONS REFERRING TO THE STANDARDIZED WORK CYCLE
Energy = (Average Power [kW] * 1000) * (time [min.] / 60)=(0,08 [kW]*1000) * (2 [min]/60) = 2,67 Wh
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SUMMARY OF MEASURED CONSUMPTION PHASE BY PHASE
AND SUMMARY GRAPHS

This section illustrates the data and summary graphs of the measured energy quantities and

the time duration of the phases during the measurement.

PHASES | QUANTITIES | AVERAGE | ENERGY [Wh] PHASE
! BN POWER or [kKWh] MEASUREMENT
[KW] TIME [min.]
PHASE 1 (M01) 0 0 Wh 1,402
PHASE 2 (M02) 0,2 6,73 Wh 2,061
PHASE 3 (M03) 0,21 0,58 Wh 0,167
PHASE 4 (M04) 0,4 8,92 Wh 1,338
PHASE 5 (M05) 0,51 59,5 Wh 7
PHASE 6 (M06) 3,9 1,166 | kWh 17,934
PHASE 7 (M07) 0,25 0,4 Wh 0,095
PHASE 8 (M08) 0,08 0,64 | Wh 0,486

Table 8: Measured phases summary data
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Figure 38: Time duration phases histogram (Measured)
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Figure 39: Other graphs of the measured phases
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DEFINITION AND ENERGY ANALYSIS OF THE REPRESENTATIVE
CYCLE AND SUMMARY GRAPHS

This section instead illustrates the data and summary graphs of the energy quantities and the

time duration of the phases referred to the standardized cycle, i.e. the cycle in the specific shift

regime.
PHASES | QUANTITIES-> | AVERAGE TIME [min] e [A] | ENERGY [Wh] o
l POWER [kW] * taken into consideration [kWh] * referred to
*referred to specific shift fm_‘ carr)jing P“t & spec.ific specific shift regime
regime fll:‘l;,‘t regime in a working
PHASE 1 0 20 0,33 0
PHASE 2 0,2 4 0,067 13,4 [Wh]
PHASE 3 0,21 60 1 210 [Wh]
PHASE 4 0,4 & 0,05 20 [Wh]
PHASE 5 0,51 14 0,23 119 [Wh]
PHASE 6 3,9 357 5,95 23,205 [kWh]
PHASE7 0,25 20 0,33 83,3 [Wh]
PHASE 8 0,08 2 0,033 2,67 [Wh]
TOTAL 480 8 [h] 23,65 [KWh] tot.in
[min.] a specific shift
regimeina
working day (8
hours)

Table 9: Normalized phases summary data

GRAPHS OF NORMALIZED QUANTITIES (SPECIFIC SHIFT REGIME)
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Figure 40: Graphs of normalized quantities
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Figure 41: Time duration phases histogram (SPECIFIC SHIFT REGIME)
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CONCLUSIONS AND RESULTS

The representative average consumption was 23.65 kWh per normalized cycle (over 8 hours
of work).

The purpose of the measurement was to determine the energy consumption of the individual
operating states defined in the specific shift regime while remaining compliant with the ISO
14955 standard.

Looking at the results in the tables (both the measurement and the normalized tables), energy
consumption is highest in the workpiece machining state (STAGE 6), as expected.

Since no other internal data and results on the energy consumption of company machinery are
available, this result provides a reliable basis for future comparisons and benchmarking of
energy efficiency.

The methodological approach adopted, based on a machine-based scenario with a specific
shift regime, allowed for an accurate representation of the machine's real operating conditions.
The measurements highlighted that the machining phase is the one to focus on to improve
energy efficiency and reduce consumption, by optimizing the cutting process or replacing the
spindle motor with more energy-efficient ones.

Overall, regular application of the standard can help reduce energy consumption, conserve

resources, and reduce environmental pollution.
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APPENDIX

This section contains the technical specifications (nameplate data) of the main energy-
intensive components. For further details, request the SH 460 KONNECT operation and
maintenance manual, which contains exploded views to help you better understand the

component locations.
CHARACTERISTICS OF ENERGETIC COMPONENTS

List of main energy-intensive components.

* Position reference see mechanical exploded view

BLADE MOTOR -M1

Figure 42: Motor -M1

Component Technical Data

Manufacturer Code G50BB215MHAR3C00
MEP Code 025.0721
Voltage/Frequency/Current 370V/120Hz/23,50A
Connection Type (*/A) *

Rated Power 11kW
Protection class (IP) 1P55

Speed 3530Rpm

Table 10: -M1 Thecnical Data

Photo of the Component's Plate
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H/min]3530 IP55
I T %]89.8 |TKo
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Figure 43: -M1 Plate

Location and function
Location on machine;: DRIVE PULLEY SECTION
Specific function on working cycle: SPINDLE MOTOR. BLADE MOVEMENT
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HYDRAULIC MOTOR -M2

Figure 44: Motor -M2

Component Technical Data

Manufacturer code M 90L-4
MEP Code 019.3621
Voltage/Frequency/Current 400V/50Hz/4,32A
Connection Type (*/A) *

Rated Power 2,2kW
Protection class (IP) IP55

Speed 1430Rpm

Table 11: -M?2 Thecnical Data

Photo of the Component's Plate -

Figure 45: -M?2 Plate

Location and function

Location on machine: HYDRAULIC GROUP
Specific function on working cycle: ENGINE HYDRAULIC OIL CONTROL UNIT
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COOLING LIQUID ELECTRIC PUMP -M4

Figure 46: Motor -M4

Component Technical Data

Manufacturer code 4CA6-12H P1
MEP Code 028.0260
Voltage/Frequency/Current 400V/50Hz/0,43A
Connection Type (*/A) *

Rated Power 0,155kW
Protection class (IP) 1P54

Flow rate 1,05 1/s

Table 12: -M4 Thecnical Data

Photo of the Component's Plate
—_

_r
K%_FIWF;) %i: goivn Egzmaﬂapuhﬂic(,@
3~50Hz _ |4COAB-12H P1

Y/D 400/230V [ o

F 155W] @, 43/0, 74A] IS.F
1,0651/s | 4@kPa |IP54
7236 1014 No: 00888885 [2@25)

Figure 47: -M4 Plate

Location and function

Location on machine: BASE GROUP

Specific function on working cycle: ELECTRIC PUMP FOR COOLANT AND CUTTING SURFACE
WASHING
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BLADE TENSIONING MOTOR -M5

Figure 48: Motor -M5

Component Technical Data

Manufacturer code TR63C4
MEP Code 019.3581
Voltage/Frequency/Current 400V/50Hz/0,89A
Connection Type (*/A) *

Rated power 0,25kW
Protection class (IP) 1P55

Speed 1380Rpm

Table 13: -M5 Thecnical Data

Photo of the Component's Plate
g = UK

Figure 49: -M5 Plate

Location and function
Location on machine: IDLER PULLEY SECTION
Specific function on working cycle: TENSIONING AND DETENSIONING CUTTING BLADE
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CHEAP CONVEYOR MOTOR -M6

Figure 50: Motor -M6

Component Technical Data

Manufacturer code TR71B4
MEP Code 019.4052
Voltage/Frequency/Current 400V/50Hz/1,15A
Connection Type (*/A) *

Rated power 0,37kW
Protection class (IP) IP55

Speed 1400Rpm

Table 14: -M6 Thecnical Data

Photo of the Component's Plate
SR UK
‘j"'p BONANI E“G

e
3~ Motor TR71B4 YEAR/N®: 22/000458 007
CLF IP55 S.1 IMB5S CODES : TACBB020

Amp rpm Cos§ ff.
1,15 1400 0,69 -

0,69
0,69
0 069

Figure 51: -M6 Plate

Location and function

Position on the machine: MOTORIZED CHIP CONVEYOR UNIT
Specific function in the working cycle: EXTRACTION OF MATERIAL CHIPS PRODUCED DURING
THE MACHINING PROCESS
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SHUTTLE BRUSHLESS MOTOR -M9Y

Figure 52: Motor -M9

Component Technical Data

Manufacturer code DSMS5 (MCHO9E35-SKMF1-13596074)
MEP Code 019.3570

Rated torque/Rated current/Voltage 2,5Nm/2 Arms/44(V/krpm)/233,30Hz
constant/Rated frequency

Connection Type (*/A) 1700 Drive-controlled

Rated Power To be calculated based on 1700 parameters
Protection class (IP) 1P54

Speed 3500Rpm

Table 15: -M9 Thecnical Data
Positioning and Function

Position on the machine: FEEDER ROLLER GROUPS
Specific function in the working cycle: FEEDER ROLLER CONVEYOR MOVEMENT
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HEAD BRUSHLESS MOTOR -M8

Component Technical Data

Manufacturer code (MCS06F60-SKMP1)
MEP Code 019.3569
Rated torque/Rated current/Voltage 1,5Nm/2,5A/400Hz
constant/Rated frequency

Connection Type (*/A) 1700 Drive-controlled
Rated Power 0,57kW
Protection class (IP) IP54

Speed 6000Rpm

Table 16: -M8 Thecnical Data

Positioning and Function
Position on the machine: “CULLA SPM” GROUP
Specific function in the working cycle: HEAD CUTTING VERTICAL MOVEMENT
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CUTTING BLADE DETAILS

LE Nox* 9/12/2025
SAWCALC”

SawCalc Recommendation

Macchina Materiale Dimensioni
Nome: SHARK 420 CNC HS 4.0 Nome: 1.0503 / C 45 Forma: Solid Round
Costruttore (OEM): MEP Durezza: 130 HB Dimensioni: 300mm
Posizionamento Condizioni
Quantita: Single Lubrificazione: Inondazione

Chiudere sth: No

PRESTAZIONE ALTO ESTREMA

Lama: Bi-Metal QXP Lama: Carbide Versa Pro Lama: Carbide Armor VP
41 x1.27x 213 41 x1.27 x 1.4/2.0 41 x 1.27 x 1.4/2.0
Velocita lama: 57 mpm Velocita lama: 70 mpm Velocita lama: 84 mpm

Velocita di avanzamento: 20.3 mm/min | Velocita di avanzamento: 21.8 mm/min  Velocita di avanzamento: 31.2 mm/min

Carico Trucciolo: 0.004 mm Carico Trucciolo: 0.005 mm Carico Trucciolo: 0.006 mm
Aspotazione (sqcm/1'). 48 cm3min Aspotazione (sgcm/1'): 51 cm®min Aspotazione (sqcm/1'): 74 cm*min
Tempo di Taglio: 14 min 46 sec Tempo di Taglio: 13 min 44 sec Tempo di Taglio: 9 min 36 sec

Figure 54: Cutting blade details

Notes:
The machine under test, the "SHARK 460 KONNECT," is not present in the Lenox archive,

so its equivalent, the SHARK 420 CNC, was used.

Blade used after one run-in cutting cycle.
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FUTURE STUDIES

With a view to further developing this study, a possible future implementation could be to
create a mathematical model useful for predicting machine tool energy consumption.

By combining formulas and empirical data with consumption data collected during various
processes, the goal is to validate the model's robustness.

This work could prove important from an energy perspective, as it will lead to a subsequent
step: understanding how to further optimize the machine tool's energy consumption as
machining parameters (cutting, in this case) or the materials being machined vary.

Other useful information is predictive maintenance data, since by already knowing the
consumption ranges of power components (motors), it will be easier to detect a subsequent

component failure when measuring the energy consumed by each user.
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