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The end of one journey is just the beginning of another.
You have to see what you haven't seen, see again what
you've already seen, see in spring what you saw in
summer, see by day what you saw at night, with the sun
where the rain first fell, see the green field, the ripe
fruit, the stone that has moved, the shadow that wasn't
there. You have to go back to the steps you've taken, to
repeat them, and to trace new paths alongside them.
You have to start the journey all over again. Always.

José Saramago, Travel to Portugal
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ABSTRACT

This report was developed by the author during her internship in the hospital sector,
on the subject of “Analysis of the life cycle of imaging equipment”, as part of the
Master's Degree in Engineering and Management of Physical Assets, at the Coimbra
Institute of Engineering. The purpose of the internship is to reinforce academic
training by giving students the opportunity to broaden their knowledge through a
practical approach, as well as providing them with the opportunity to apply the
knowledge acquired during their undergraduate and master's degrees.

Currently, any organization that provides healthcare with medical technology relies
mostly on medical devices and equipment to benefit patients. As the technology of
these physical assets in healthcare becomes more complex, the same happens with
the demands to be made in managing them. Furthermore, in hospital organizations,
physical medical assets are increasing rapidly, which makes it essential for all entities
(public or private) to take a financial approach to the asset to understand the level
of operation of the investment.

The aim of this study is to implement LCI (Life Cycle Investment) in imaging
equipment. To this end, the report presents the use of a structured life cycle analysis
model, LCI, applied to medical imaging equipment. The purpose of this method is
to assist in the management of physical assets, since it is developed considering all
the returns and expenses associated with the investment made, which makes it
possible to determine the best course of action for the entity throughout the life
cycle of the respective asset.

The model is applied to three pieces of medical equipment in the imaging sector,
namely an ultrasound scanner, mammography equipment and an X-ray. This
application makes it possible to reflect on the direct impact of all the benefits and
expenses associated with the asset throughout its life cycle, as well as calculating the
return on investment. In addition to the application of the life cycle analysis model
mentioned above, the report emphasizes various considerations involving the
management of physical assets, namely standardization, performance indicators,
among others.

Keywords: Life Cycle, Life Cycle Analysis Model, Physical Assets, Maintenance,
Medical Equipment, Hospital Management, Imaging Equipment
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RESUMO

O presente relatério foi desenvolvido pela autora, no decorrer do estagio realizado
no sector hospitalar, alinhado ao tema “Analise do ciclo de vida de equipamentos de
imagiologia”, ao abrigo do Mestrado em Engenharia e Gestao de Ativos Fisicos, do
Instituto Superior de Engenharia de Coimbra. O estigio tem como principal
objetivo incrementar a formagao académica, através da possibilidade de ampliar o
conhecimento por meio de uma visdao pratica, bem como proporciona a aplicagao
dos conhecimentos adquiridos durante a licenciatura e o mestrado.

Atualmente, qualquer organizacao que preste cuidados de satide com tecnologia
médica depende, maioritariamente, de dispositivos e equipamentos médicos para
beneficiar os doentes. A medida que a tecnologia destes ativos fisicos nos cuidados
de satude se torna mais complexa, 0 mesmo acontece com as exigéncias a adquirir na
gestdo dos respetivos ativos. Além disso, nas organizagoes hospitalares, os ativos
tisicos médicos esta a aumentar rapidamente, o que torna indispensavel, para todas
as entidades (publicas ou privadas), uma abordagem financeira do ativo, para
compreender o nivel de operagao do investimento.

Neste sentido, o relatério apresenta a aplicagao direta de um estruturado modelo de
analise de ciclo de vida, desighado de ciclo de vida do investimento, em
equipamentos de imagem médica. Este método tem como finalidade auxiliar na
gestao de ativos fisicos, uma vez que é desenvolvido considerando todos os retornos
e despesas associados ao investimento efetuado, o que permite determinar o melhor
curso de agdo por parte da entidade ao longo do ciclo de vida do respetivo ativo.

O modelo ¢ aplicado a trés equipamentos médicos do sector da imagiologia,
nomeadamente, um ecografo, um mamografo e um raio X. Hsta aplicagao permite
refletir sobre impacto direto de todos os beneficios e despesas associadas ao ativo,
ao longo do seu ciclo de vida, bem como calcular o retorno sobre o investimento.
Para além da aplicacdo do modelo econométrico referido, no decorrer do relatério
¢ enfatizado diversas consideragoes que envolvem a gestao de ativos fisicos,
desighadamente, normalizagao, indicadores de desempenho, entre outros.

Palavras-chave: Ciclo de Vida, Modelo de Analise do Ciclo de Vida, Ativos Fisicos,
Manutengao, Equipamentos Médicos, Gestao Hospitalar, Equipamento de Imagem
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1 INTRODUCTION

Throughout this report, various topics related to asset management are covered as a
way of contextualizing the different parameters to be taken into account in asset
management, since as organizations become more complex, they require more
diverse information through different studies to support the existing variety of
assets.

This chapter presents a brief contextualization of the subjects covered throughout
the report, starting with the framework, as a way of explaining the emergence of this
study, followed by the motivation and objectives and the structure of the report,
which briefly presents the chapters developed.

1.1 Framework

This report is the result of a curricular internship for the Master's Degree in
Engineering and Management of Physical Assets at the Coimbra Institute of
Engineering, which takes place in the first and second semester of the second year.
The curricular internship derives from the context of the subject of hospital
management and engineering, where, from a real environment and surroundings,
such as the hospital sector, the aim is to add professional training and apply well-
founded concepts.

The master’s program in Engineering and Management of Physical Assets covers
various topics related to the management of physical assets, a growing area due to
the evolution of physical assets. This evolution has been reflected in the increase and
complexity of physical assets in organizations, especially in the hospital sector. This
technological advance has brought about changes in the hospital environment, to
the extent that it has become essential for a multidisciplinary team to be involved,
with professionals specializing in this area, who are able to make the connection
between the health and technology areas, supported simultaneously by engineering
and physical asset management solutions.

In this way, the involvement of professionals specializing in this area makes it
possible to obtain a broader view of the organization's existing physical assets.
Through the application of improved strategies and techniques, according to the
different characteristics of the assets, consciously and clearly assisting the condition
of each asset throughout its life cycle and meeting the entity's intended objectives.

In the hospital sector, the evolution of physical assets has been accentuated in recent
decades and Portugal's investment in the high increase in high-tech medical physical
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assets reinforces the inevitability of effective physical asset management, in order to
extract the best potential from the assets in favor of the hospital sector's goal [1].
The strong commitment to new technologies allows us to improve the quality of
diagnoses, patient treatment and the well-being of all those involved in the hospital
environment [1].

Today, physical assets such as medical equipment are widely used in all areas of
health services, making it impossible to provide services without them. Their use
ranges from prevention, screening, diagnosis, monitoring, therapy and rehabilitation.
This increase in physical assets and their complexity reinforces the importance of
Physical Asset Management, since as the sophistication and cost of medical assets
increases, so does the complexity and cost of maintaining them. Unlike other health
technologies, such as disposable products, medical equipment requires maintenance

(scheduled and unscheduled) throughout its life cycle [2].

When a physical asset is acquired, the costs of using the asset during its life cycle,
known as Life Cycle Costs (LCC), are usually known. However, the investment made
by an entity in an asset has a direct impact and is intended to be strategic in helping
the organization produce goods and services. It is therefore necessary to study the
level of operation of each investment in assets, analyzing the maximum profit or
otherwise from each asset and developing appropriate management throughout the
life cycle in order to optimize the services and associated costs. In this sense, the
study carried out throughout the life cycle of a physical asset should be analyzed
trom an LCI (Life Cycle Investment) perspective [3].

In this sense, LCI (Life Cycle Investment) appears to be a fundamental model for
asset management, since it is developed taking into account all the investments made
from the acquisition of the physical asset to its residual value, demonstrating the year
in which the organization will have recovered the amount invested in the asset
through the benefits generated, the total benefits obtained, as well as the total
expenses and the best time to replace it. Life cycle analysis models such as this are
an asset for the hospital sector, whether private or public, because they make it
possible to determine the level at which an investment will be viable and to consider
the costs and returns associated with the investment made in exact monetary terms

[4]-

1.2 Motivation

This work was carried out as part of an interest in asset management, specifically
physical assets in the hospital sector, since these assets are of great importance and
impact on society, particularly on patient health. A vision of effective and efficient
management has an impact on the motivation to cooperate in resolving problems
that may exist, and on the development of studies that awaken new perspectives and
points of view to improve the assets of this sector.
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There are concepts to take into account when owning a physical asset, such as the
economic perspective, and it is necessary to study the impact that this investment
will have on the hospital, how the global economy can influence existing assets, what
their residual value is, what the depreciation value is over the years, obsolescence,
the costs associated with maintenance, among others. This economic perspective
seems to be abstract in the hospital environment and this can influence decision-
making, particularly when choosing which asset to acquire and when to replace it [5].
Failure to associate these factors with hospital assets can lead to failures and
malfunctions, which is barely tolerable, since these assets deal with and directly
impact the health of patients, through diagnoses and treatments [5].

Physical asset management in the hospital sector can play an important role in the
development of studies, well-founded methodologies and subsequent application in
practical life. These factors may be able to assist and collaborate with all the different
groups in the hospital organization, resulting in correctly functioning physical assets,
capable of performing their function in accordance with the objective of the entire
hospital service.

1.3 Objectives

The aim of this study is to implement LCI (Life Cycle Investment) in imaging
equipment. LCI is an life cycle analysis model developed to help with the
management of physical assets, as it makes it possible to analyze the year in which
the organization will have recovered the amount invested in the asset, the total
benefits and expenses over the years and the best time to replace it. To calculate this
model, all the values involved are taken into account, namely the initial acquisition
value, operating value, maintenance value, residual value, depreciation value,
inflation value and monetary restatement value [3].

The aim of this model is to apply it directly to medical imaging assets, namely
ultrasound, mammography and X-ray, which are operational in a hospital
organization. The fact that these are three different assets allows the model
presented to be understood more comprehensively, based on different values,
performance and functionality.

In addition, the purpose of this report is to understand:
* The importance of the assets under study and their operation;

" The importance of management in the interdependence of medical
imaging equipment;

* The types of maintenance and their importance;
" Values associated throughout the life cycle of an asset;

" The importance of performance indicators (KPI’S);
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* Return on Investment (ROI) of each asset.

The document discusses some of the crucial issues to be considered when managing
physical medical assets and the relationship between them. In a practical way, they
can result in the life cycle analysis model known as LLCI, which makes it possible to
graphically visualize the impact that all the variables considered represent throughout
the asset's life cycle.

1.4 Report structure

This report is divided into seven chapters, the first of which is called the
Introduction, in which the subject of the report is contextualized by describing the
motivation, the objectives for the development of this report and the structure of
the report.

The second chapter, called “Theoretical ground” presents and develops, as the name
suggests, important theoretical foundations for contextualizing the topic, such as a
description of what medical devices and equipment are and a description of the
medical imaging equipment studied in this report.

The third chapter, “Asset Management”, presents the fundamentals of asset
management. This chapter begins with the definition of a physical asset, covering
the objectives and procedures to be taken into account in asset management. It also
discusses the various phases that can occur throughout an asset's life cycle and
provides a description of the values to be considered throughout this period. The
chapter ends with the importance of standardization in physical assets and a list of
some of the existing standards for medical devices and equipment.

The fourth chapter, described as “Importance and ways of helping the asset
throughout its life cycle”, analyzes various indicators to take into consideration
throughout the life cycle of an asset, in addition to those described in the third
chapter. This chapter begins by highlighting the importance of maintenance and the
various types of maintenance that exist, followed by a presentation of some
performance indicators and problems that can arise when extending an asset's life
cycle. The chapter ends by presenting the impact that asset management has on
sustainability and the role and importance of an asset management engineer.

The fifth chapter, “Application of the Model - Life Cycle Investment”, describes the
entire methodology and all the considerations and interpretations of the model, as
well as the direct application of the model to all the medical imaging equipment
under study.

The sixth chapter is, as the name suggests, “Discussion of results”, as it presents the
discussion and considerations on the results obtained in the fifth chapter.

The seventh and final chapter presents the conclusions drawn from the work carried
out and suggestions for future work.
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At the end, the bibliography and annexes complement the body of this work.
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2 THEORETICAL GROUND

Knowing the existing assets in an organization according to their characteristics,
specificities and all the procedures to keep them functional is an important step in
monitoring the asset throughout its life cycle and therefore allows for better results
in the asset's objective and, consequently, support for the organization as a whole.

This chapter discusses the difference between a medical device and medical
equipment, as well as the characteristics and requirements of each. Next, the three
medical imaging assets studied throughout the report are named, characterized and
their functionality, components, necessary structure and radiological protection,

should they need it, are briefly explained.

2.1 Difference between Medical Devices and Equipment

Medical equipment and medical devices are both fundamental tools to be used in
the healthcare sector, as their main purpose is to help solve medical problems.
However, these tools are different, and it is necessary to adopt a categorization
approach, through their constitution, functionality and risk [6] [7]. The different
definitions of each one are given below.

2.1.1 Medical Devices

Medicine has relied on various medical devices as essential tools to support the
treatment, cure or alleviation of diseases. The medical devices used today are
engineered instruments with materials and combinations of parts, used to
complement and assist the skills of doctors, nurses and other healthcare providers.
Medical devices can be single-use and reusable devices, according to United States
of America regulations [8].

Single-use devices, also known as disposable devices, are defined as devices that are
used in a single procedure, only on a single patient and “are not intended to be
reprocessed (cleaned, disinfected/sterilized)”. On the other hand, reusable devices
are defined as “devices that can be reprocessed and reused on several patients”,
based on their risk of transmitting infection and according to the areas of the body
with which they will come into contact. However, reusable medical devices can be

subdivided into [9]:

- Critical reusable medical devices: those that come into contact with blood
or tissue, such as surgical tweezers;

- Semi-critical reusable medical devices: those that come into contact with
mucous membranes, such as endoscopes and colonoscopes;

- Non-critical reusable medical devices: those that come into contact with
intact skin, such as stethoscopes;
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Reusable medical devices undergo thorough cleaning through disinfection and
sterilization processes. These devices are made from materials that can withstand
repeated, high-temperature cleaning, disinfection and sterilization in order to remove
all infectious and biological residues from a patient that could harm the next patient

[9]-
2.1.2 Medical Equipment

The Joint Commission defines equipment as “electronic, electrical or mechanical
instruments used in the direct care of patients”. It adds that it can be fixed or
portable equipment, used for diagnosis/laboratory, treatment and monitoring,
whose function is to provide health care to individuals. Medical equipment has
various characteristics depending on its purpose and size, but it should be noted that

[8]:
- It is necessary to ensure that electrical safety and proper operation are not
compromised, especially if it is being transported;

- Include maintenance tasks, maintenance frequency and execution strategies
until failure;

- They must include an alert component for life-support assistance or any
other assistance, in the event of a risk of serious injury or death to a patient or any
failure on the part of members of the treatment team.

The Joint Commission subdivides the broad type of medical equipment into high-
risk medical equipment. High-risk medical equipment is all life-support equipment
or any other equipment in which there is a risk of serious injury or death of a patient
or member of hospital staff in the event of a malfunction, such as defibrillators. For
medical equipment considered to be high risk, there is a set of best practices in place
to combat any life-threatening problems, such as battery charging or power

problems [9].

2.2 Imaging Equipments

Imaging equipment is developed with the aim of making it possible to visualize one
or more parts of the body, in order to help with the prognosis and monitoring of
possible diseases. To this end, imaging equipment is made up of high-tech materials,
supported and developed by advanced engineering and functional design [10].

Decades after decades, technological progress has made it possible to improve the
quality of examinations, results and safety for both the specialist and the patient [10].
These technological advances, coupled with the investment made in the field of
medical imaging, have enabled the implementation of new medical imaging methods,
with more developed imaging facilities, greater availability and quality. These factors
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are some of the reasons behind the significant increase in the number of imaging
exams in recent years [11].

All these advances in medical imaging have led to an increase in the amount and type
of equipment with different characteristics, particularly medical imaging assets such
as ultrasound scanners, mammography equipment and X-rays. It is therefore
necessary for physical asset management to be efficient and effective, in order to
keep these assets functional throughout their life cycle [12].

2.2.1 Ultrasound scanner

An ultrasound scanner is a diagnostic system that allows real-time visualization of
dynamic structures and processes in the human body using ultrasound. The
diagnosis made with an ultrasound scanner transmits highly accurate scenarios, since
it uses very realistic, high-precision tools with a high update rate. The images
provided can be transversal to the abdomen and of various internal organs, which
allows diagnosis of many clinical practices [13].

The ultrasound technique is the second most widely used clinical imaging modality,
behind conventional radiography [14]. This exponential growth is due to the fact
that it is widely used by many professionals in daily clinical routine techniques,
describing it as a practical, fast technique that doesn't cause discomfort to the patient.
This technique is used on its own, but also as a complement and aid to other medical
imaging modalities, such as mammography [15].

22.1.1 Functioning

The ultrasound scanner consists of a variety of portable probes, which are used
depending on the anatomical structure to be studied, called transducers, which allow
information to be captured for later visualization (Errot! Reference source not f
ound.). The transducer is placed directly on the patient and moved, using a water-
based gel to couple the ultrasound between the transducer and the patient [106].

Transducer works from a series of various piezoelectric crystals that vibrate when
an electrical signal is applied, producing high-frequency sound pressure waves, which
are ultrasounds [17]. This process occurs when ultrasound directs ultrasound waves
at the body, which pass through the skin and enter the body. As the waves encounter
tissues with different characteristics and densities, they produce echoes that reflect
back to the piezoelectric crystal, allowing a series of image lines to be made,
corresponding to the anatomical position and the intensity of the reflected echoes.
This process gives rise to a complete image picture called ultrasound [18]. This
method also works inversely, i.e. when acoustic pressures on the body cause
variations in the dimensions of the piezoelectric crystals, magnetic fields appear [17].

Diagnostic ultrasound scanners operate in the frequency range of 3 to 10 Megahertz,
hundreds of times higher than the limit of human hearing. This technique operates
at high frequencies which allows for better discernment of image details, as the
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higher frequencies have a correspondingly shorter wavelength, thus obtaining
sonograms with sharper details [10].

2.2.1.2 Components

An ultrasound scanner consists of one or more probes connected to a scanner unit
that provides the controls and displays the images. Typically, ultrasound scanners
have several probes, such as an abdominal probe, linear probe, micro convex probe,
trans vaginal probe and trans rectal probe, which come in different shapes and sizes,
in order to facilitate the specific body area of interest, as well as a monitor for
viewing, a control panel and a keyboard [16] (Figure 1).
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Figure 1 - Simplistic image of an ultrasound scanner and how it
works. Source: [88].

2.2.2 Mammography Equipment

Mammography equipment is normally used in a so-called mammography
examination, built to generate ideal mammography images. Mammography
equipment is developed and designed in such a way that it is easy and light to
manipulate, being easily movable to achieve multiple projections from various angles
of the breast tissue, using low-dose X-rays [19].

2.2.2.1 Functioning

To carry out the examination, the patient must stand in front of the mammography
equipment, the breast is placed on the flat detector and then the compression paddle
is gradually lowered to compress the breast for a few seconds. In order to obtain

9
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high quality mammography, several factors are required, such as breast positioning,
compression, optimal exposure, sharpness, noise and contrast [19].

Increased attention is required during the examination, since the positioning of the
equipment and compression are monitored by the operator. These two well-suited
aspects eliminate mammographic artifacts, allowing the greatest amount of breast
tissue to be visualized, as well as better quality and greater detail in the image
generated [19]. During mammography, assessing patient doses is crucial to
evaluating practice and ensuring compliance with national and international
diagnostic reference levels [20].

2.2.2.3 Components

All areas of the equipment that come into contact with the patient should be smooth,
with no sharp edges or corners, and no external parts should become excessively
hot. Since it is a vertically positioned piece of equipment, it should be designed with
handles available for patient assistance, without compromising the exact positioning
of the image acquisition [21].

The basic mammography equipment consists of: an upright gantry with angling
capability, an X-ray tube, X-ray filters, collimator, detection plates, automatic
exposure devices, pressure paddles, face shields, handles, foot and hand controls,
compression and height adjustment controls, manual grasp controls, etc [21]. In
addition, it is essential to use protective equipment for the technical staff carrying
out the mammograms, namely a protective shield with a remote control station to
operate the equipment (Figure 2) [22].
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Handles
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Figure 2 - Basic mammography equipment. Source: [21].



Life Cycle Analysis of Imaging Equipment

2.2.2 X-ray

X-ray diagnostic equipment makes it possible to directly generate, control, capture
and convert X-ray energy into digital signals which are then processed and displayed
on an observation screen. In this way, it is possible to obtain the visualization of
radiographic images of anatomical structures generated by X-rays for the diagnosis
of human tissues and organs [23].

X-ray imaging is a powerful and low-cost technology that has been widely used in
medical diagnostics, since through the excellent penetration capacity of X-rays
anatomical images can be obtained in a non-invasive way [23].

2.2.2.2 Functioning

The patient can stand horizontally or vertically, depending on the anatomical
structure being diagnosed, where an X-ray beam will be directed.

X-rays are a type of ionizing radiation with a wavelength ranging from 0.01 to 10
nm. X-rays travel through matter and are transmitted, absorbed or scattered. The
amount of X-rays is determined by both the nature of the matter and the energy of
the incident X-rays [24] [25].

The X-rays are released by a potential difference in the electrons between the
cathode and anode in the X-ray tube. The X-ray detector is placed behind the object
to record the transmitted X-rays, where the X-ray imaging system converts the X-
rays transmitted by the object into a visible image. In this sense, radiographic images
are based on the contrast of the difference in attenuation of objects within matter in
relation to X-rays. It is from these images that the internal structures are
subsequently assessed [25].

2.2.2.3 Components
The components of an X-ray diagnostic system are (Figure 3) [20]:

- X-ray tube, X-ray generator, tube holder (support), examination table (patient
support) and control unit (patient support);

- Accessories such as: intensifier screens, cassettes, films, etc;
- Darkroom equipment and other materials for processing radiological films;

- Radiation protection devices.

11
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Figure 3 - Simplified X-ray equipment. Source: [94].

2.2.2.4 Structure and Radiation Protection

In a room where examinations are carried out using equipment with ionizing
radiation, the surrounding structure must follow the rules laid down for radiological
protection and safety. In this sense, a room with X-ray equipment must follow
guidelines during its construction. A room must include a shielded control booth
outside the X-ray room or a protective separator (large enough to protect the
operator), with a lead equivalence of at least 0.5 mm, a leaded glass window and a
leaded door. There should also be accessories for operators such as protective
aprons with lead of at least 0.25 mm, as well as rubber or plastic strips with lead,
with an equivalence of at least 0.5 mm, for use as gonad shields [20].
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3  ASSET MANAGEMENT

A dynamic and competitive environment such as today's society makes asset
management indispensable. It is an activity that requires in-depth knowledge of the
assets themselves and their environment and requires the coordination of all the
processes and parties involved and related to that asset.

This chapter covers the basics of asset management, namely what an asset is, what
asset management consists of and the objectives of asset management. This is
tollowed by the procedures to be taken into account in asset management, namely
the information management and optimization strategy and the list of values
required throughout the life cycle. Finally, the different phases throughout the life
cycle are presented, as well as standardization for the different types of hospital
assets.

3.1 Fundamentals of Asset Management

Asset management makes organizations look for new ways to manage their
resources and production processes more efficiently. In this sense, it is necessary to
compress and classify the different assets and their objectives.

3.1.1 An Asset

The International Organization for Standardization (ISO) classifies an asset as
something that has “actual or potential value to an organization”, depending on the
organization's framework, the asset can be tangible or intangible, financial or non-
financial [27].

In this sense, the following assets can be recognized, which can usually be identified
in various organizations [28]:

- Physical assets;

- Financial assets;

- Human assets;

- Information assets;
- Intangible assets;

Physical assets are elements such as facilities, machinery, roads, vehicles, aircraft,
equipment, medical equipment, medical devices and others. In addition to physical
assets, financial, human and information assets are also of great importance to
physical assets, as they support the management of physical assets, providing
information and a solid basis for effectively managing them [28].

13
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3.1.2 Asset Management

Asset management is generally defined as the activity associated with the
identification of assets, which includes processes, resources, skills and technologies
that enable the construction and development of effective and efficient delivery of
management plans [29]. He [28] adds that asset management supports the realization
of an entity's production by helping to study the financial, environmental, social,
quality and performance costs of assets.

Asset management is also the set of management activities associated with the life
cycle of an asset, namely [28]:

- Identification of the necessary assets;

- Identify financing needs;

- Acquisition of assets;

- Logistical and maintenance support;

- Support for the disposal and renovation of assets.

Asset management is a meeting point between the technical and business domains.
The aim of asset management is to combine technical expertise with business
knowledge in order to effectively and etficiently meet the needs of the company as
a whole. This requires the involvement of diverse areas from asset evaluation to asset
acquisition, to logistical support, to understanding asset support standards and
compliance throughout the lifecycle process [28].

3.1.3 Objectives of Asset Management

In order to achieve good results, an entity effectively depends on strategic plans
implemented and developed by efficient asset management aimed at [30]:

- Maximize uptime (productive capacity);

- Maximize the capacity to produce according to specific quality levels;
- Minimize costs per unit produced;

- Minimize the risk of loss of production capacity, quality or economic;
- Preventing safety risks for workers and users;

- Ensure the least possible risk of damage to the environment;

- Comply with national and international due diligence regulations.

In order to build efficient asset management, it is important to build a targeted and
integrated organizational structure throughout the asset's life cycle. It is necessary
to build standard systems, rules and regulations into the management system in
order to build a long-term feedback system. In addition, it is necessary to develop
information platforms, where it is possible to access all relevant asset information
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in various departments, in order to share resources and information between
different work sectors [31].

As far as the management of imaging equipment is concerned, effective management
is crucial, since this is expensive equipment, from the moment it is purchased to the
entire surrounding structure (if necessary), maintenance and continuous
improvement of quality levels [32]. In addition, this equipment inevitably suffers a
decline or loss of image quality after a certain period, which adds to the importance
of maintenance and the requirement for continuous monitoring [10].

In order to help manage hospital physical assets, there are projects being
implemented, such as platforms that help optimize inventories and stocks [33] and
the implementation of asset management systems, such as radio frequency
identification [34], this is an added value for the entire hospital environment involved

[35].

3.2 Asset Management Procedures

Physical assets have a life cycle that must be understood in order to support better
decision making in the pre-acquisition phase. Normally, in an organization, the
decision-makers and their respective costs are different from those responsible for
the operational side and maintenance of the assets and, subsequently, they are
different from those responsible for disposing of the asset. This fragmentation of
groups of people with different responsibilities throughout the lifecycle can cause
problems throughout the asset's lifecycle [306].

Ideal asset management requires asset managers to be familiar with their
organization's assets in a technical business and operational context. It is essential to
have a comprehensive view of the assets as a whole, to understand the relationships
between them, the interdependence and degree of criticality between the assets
deployed, in order to be aware of the condition of each asset [37].

In this sense, it is necessary to have an aligned strategic plan, with the main
components in a program that may include [38]:

- Interaction with the capital budget;
- Acquisition and implementation;
- Constant monitoring and evaluation;

- Waste management.

3.2.1 Information Management Strategies

When acquiring an asset, it is necessary to verify guarantees and safeguards for both
the entity acquiring the asset and the supplier, throughout the asset's life cycle. These
guarantees and safeguards must be made through a clear, simple and properly
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structured description of all the processes and needs that it requires or may require
for the asset to function throughout its life cycle. This asset management plan in a
medical facility provides a clear vision of the future needs of the equipment and
allows decisions to be made based on expenses that can be planned in good time

[39].

Furthermore, in the case of an asset that captures information, such as imaging
equipment, it is extremely important to understand the entire process of information
collection and subsequent visualization. In this sense, [40] structure some of the
steps to take into account when acquiring knowledge of an asset:

1 Asset information strategy:

Adopt an asset information strategy, which consists of implementing a plan capable
of holding all asset information, such as: definition, collection, communication
management and general asset information policy.

2 Existing asset reporting standards:

Examine the standards developed to support asset management and create a
communication plan so that the standards are implemented.

3 Asset information systems:

Understanding the asset's information systems, i.e. analyzing whether the entity's
information systems have the storage and support capacity to ensure that data is
centralized and accessible to the respective entities that have access to it throughout
the asset's life cycle.

4 Asset data and information management:

The subject of data and information management analyzes how the storage systems
and procedures that an entity uses to store information, in other words, it examines
the various processes and plans that frame the management and coordination of
information for as long as necessary.

The topic of information systems and data management is a crucial one to analyze
when purchasing medical imaging equipment, since most medical images today are
in digital form. It is crucial to check these parameters carefully, since a unit that
provides and assists medical care must take care of the storage, accessibility and
durability of all the information of many patients over several years.

3.2.2 Optimize

Asset management seeks to obtain the best productivity solution taking into account
existing assets in accordance with their management. This is done by setting
priorities. In this sense, seeking to balance factors that can maximize the profitability
of assets with other factors that can be minimized is the balance that asset
management aims for, in order to obtain maximum profitability from them [41].
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Factors to maximize:
- Quality: in repair, precision, techniques;
- Service level: fault resolution and prevention;
- Performance: asset reliability and uptime.
Factors to minimize:
- Time: response and resolution times and average resolution times;
- Costs: costs per unit of production;
- Risks: predictability of inevitable failures.

This balancing process is an optimization process stemming from effective and
efficient asset management, focusing on continuous improvement and commitment
throughout the life cycle of all processes, getting the best out of the assets in order
to achieve the entity's ultimate goal from the assets.

3.3 Life Cycle of a Physical Asset

All physical assets go through various phases throughout their life cycle, which begin
when they are acquired, built or installed and end when they are no longer used [42].
Second [43], the life of an asset can be defined in three different ways: physical life,
useful life and economic life.

3.3.1 Physical Life

The physical life phase consists of the period in which the physical asset is expected
to last physically, i.e. it begins when it is acquired and ends when the asset is worn
out and can no longer reliably produce its functionality at the required level. This
phase usually begins with planning and development, followed by acquisition and
commissioning (S1), productivity growth (S2), maturity (S3) and decline (S4) (Error! R
eference source not found.). It is in the maturity phase (S3) that the physical asset
reaches peak productivity, i.e. it is in this phase that it is operating at its maximum
capacity [42]. When the physical asset reaches the end of its physical life, it is
uninstalled, dismantled and replaced [43].
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Figure 4 - Relationship between the physical life
of physical assets and productivity. Source: [43].

Throughout this life phase, as equipment ages, maintenance costs and operating
costs increase. Obviously, this is influenced by various factors throughout this
period, including manufacturing (production processes and type of materials),
working environment conditions, performance levels and quality strategies, quantity
and quality of maintenance [44].

3.3.2 Useful Life

The useful life phase begins when the physical asset is acquired and, according to
[45], ends when the sum of its maintenance costs exceeds the capital cost of
equivalent new equipment. The end of a useful piece of equipment’s life is
characterized by an increase in the number of maintenance tasks and the
corresponding cost, which makes the asset more expensive.

Neste sentido, o final de fase de vida util deve ser acompanhado e identificado, de
forma a ndo comprometer o processo operacional. Segundo [43], the end of this
phase shows that the end of the physical life phase is approaching, which may
indicate a greater likelihood of the asset's reliability diminishing.

3.3.3 Economic Life

The economic life phase begins when the physical asset is acquired and is analyzed
by means of the expenses and the profit derived from it. The study of the economic
life phase begins when the physical asset is acquired and consists of the continuous
study of all the surrounding values throughout the life cycle, through the calculation
of economic models [43].
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Life cycle analysis models make it possible to make more informed decisions, as they
allow for a detailed analysis of profits and costs, since this analysis encompasses:
acquisition, operating, maintenance, depreciation and downtime costs, inflation,
among others. In this sense, these models can help with buying and selling decisions
and reveal the optimum replacement year [44].

Economic life is shorter than the physical life of the asset, since the asset may
continue to have the capacity to perform its function, however the erosion caused
by profitability requires increased operating and maintenance costs [43].

3.3.4 Technological Life

The technological life of a physical asset is defined as the period until technological
change dictates its replacement, due to the development of a technologically superior
alternative. Technological life is important to be properly updated throughout the
life cycle of an asset, since the productivity and competitiveness of companies can
depend on technological evolution. In this sense, technological life can be quantified
by improving efficiency, comparing production with costs, for example, higher
production rates, lower operating and maintenance costs and/or higher scrap values
[44].

Technological changes in equipment are classified as: continuous changes or
discontinuous changes. A continuous change appears as incremental improvements
to the physical asset so that it performs its function in a more optimized and
improved way, seeking to increase performance and efficiency. On the other hand,
discontinuous technological change arises from the discontinuation of the
technology that the asset uses, 1.e. the total reformulation of the existing technology
in the asset [44].

3.3.5 Social and Environmental Life

The social and environmental life of a physical asset is defined as the period until
the will of the entity or legal requirements encourage replacement due to
environmental and social conditions. These conditions may derive from the entity
holding the physical asset needing to ascertain and correct possible legal and
governmental requirements, which are being introduced with principles and bases
geared towards a more sustainable vision. The degradation of physical assets has
become a major environmental concern, leading to an increase in policies aimed at
companies manufacturing products and providing services that minimize the
ecological burden. In this sense, both social and environmental issues are covered in
tavor of sustainable development [44].

The social and environmental life stage must be taken into account from the
manufacturing process to the disposal of the physical asset. Throughout this process,
it is necessary to assess the consequences for the environment, such as the resources
expended at all stages, namely the processing of raw materials, production,
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transportation, distribution, recycling and final disposal. Social and environmental
life evaluates and quantifies energy, materials used and wasted and assesses the
product's impact on the environment [44].

All these theories, with different approaches and analyses, complement each other
so that it is possible to build a robust physical asset life cycle. These approaches are
intended to help organizations that depend on their physical assets to provide goods
and services to make timely, informed and well-founded decisions from the moment
of acquisition to the moment of replacement, so as not to jeopardize the
organization's operability and economy.

3.4 Values Throughout the Life Cycle

The management of a physical asset includes an understanding of all the costs
involved during its life cycle, namely ownership costs. Ownership costs encompass
all direct and indirect expenses associated with the respective physical assets,
including: all costs associated with the acquisition of the asset, operating costs and
disposal costs [38].

On the other hand, [46], suggests a different view on the designation of these
amounts paid, in the sense that investment and costs usually have different
meanings. The initial cost paid for an asset is referred to as an investment and the
amounts that come from operating the asset are referred to as costs. In this sense,
the author suggests calling the initial cost an initial investment and the operating
costs investments [40].

Identifying all these values involved during the life cycle of an asset is the knowledge
base for making more accurate decisions, which helps in the process of comparison,
planning and deciding when to replace the asset [38].

3.4.1 Initial Acquisition Value

The acquisition value is usually the payment to the supplier for the respective
physical asset. This acquisition value usually includes not only the actual value of the
equipment itself, but also: associated fees and charges, delivery, installation
(including, for some equipment, specialized construction work), mobilization and
sometimes demobilization, commissioning and operational training. [47] [30]. In
order to acquire a physical medical asset, the hospital needs access to a source of
capital funding [47].

Private Public Hospital Sector

In the private hospital sector, capital can be obtained from the organization's capital
reserve, or it can be a loan from banks, paid overtime, plus interest [47]. On the

other hand, in the public hospital sector, since they are government-funded
organizations, funding is acquired through various pre-contractual procedures,
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including direct award and public tender. Direct award is a procedure in which the
contracting authority directly invites an entity of its choice to submit a tender. For a
direct award to take place under the simplified regime, the value of the procurement
contract must be less than €50,000. If this is not the case, the procedure known as a
public tender takes place, in which those interested in the contract start by
submitting bids in order to be chosen for the acquisition of the respective asset. In
this procedure there is no prior assessment of the bidders' qualifications, nor any
history of technical and financial capabilities [48].

An organization, particularly a healthcare organization, benefits from the acquisition
of available assets in that it enables better healthcare for those who provide it and
those who receive it. The expense incurred when acquiring a physical asset provides
benefits in helping to apply its functionality during its financial lifetime [38].

Physical assets increase the organization's assets and therefore its capital value, since
these assets are attached to the entity's financial capital, however these capital asset
values are depreciated over time [47].

3.4.2 Depreciation

Depreciation of a physical asset can be seen as “a portion of the value charged to
the cost of production, corresponding to the wear and tear suffered during the use
of the physical asset in the production process. Regardless of the method used, the
annual depreciation charge is a function of the initial value of the asset and its useful
life” [49]. This will result in a value, also known as the residual value, which is
intended to be received if the asset is sold and taken out of service [49]. Since
depreciation corresponds to the capital value of the physical asset that depreciates,
the value of the asset usually decreases, reaching zero at the end of its useful life [47].

Depreciation calculation methods can vary. The basis used to know the value of a
physical asset when carrying out a depreciation calculation should be its initial cost
minus any residual value the company expects to receive if the asset is taken out of
service. There are some assets where the residual value can be difficult to determine
for various reasons. For example, if the asset is too large or involves some use of a
radioactive substance or causes an environmental risk, the cost of removal may
exceed the residual value, which could be negative [50].

3.4.3 Operating Values

Operating values encompass all the operational values for the equipment to perform
its function correctly throughout its life cycle.

3.4.3.1 Maintenance Value

Maintenance values guarantee the expected benefits of the asset in its production
process. These values are usually financed by revenues which, as they do not add to
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the capital benefits, are not recorded in the financial capital of the asset but are noted
and added as operating revenue records [47].

In the first few years after the equipment is purchased, the warranty period is
negotiated between the entity and the supplier. This period consists of the time in
which the maintenance and spare parts costs are included in the warranty terms, i.e.
the period in which the supplier is responsible for these costs and not the entity that
acquired the asset. After this warranty period, the entity that acquired the asset is
responsible for the maintenance costs [47].

After the physical asset's warranty years maintenance can be carried out through a
combination of external contract maintenance with manufacturers and/or by in-
house teams. Deciding on the ideal balance between the two forms of maintenance
should be weighed up according to the benefits provided (ratio of benefits to costs)
for example covering only corrective maintenance or only preventive maintenance
to optimize value [47].

3.4.3.2 Energy Values

The energy value is an operational value that must be taken into account if the
physical asset requires energy for its operation. In this value, it is necessary to
consider the cost of the amount of electricity used, which varies depending on a
number of factors such as: the type of equipment, the power of the equipment, the
period of use, among others [306].

3.4.3.3 Consumables Values

There are devices that may require one or more consumables, as they may need to
consume a particular accessory/item during the use process.

There are two ways of acquiring consumables for assets. On the one hand, there are
contracts where consumables are paid for separately and the organization chooses
the supplier from whom it wants to purchase them. On the other hand, there are
contracts in which the supplier can offer the equipment to the organization, without
any initial purchase price, as long as the organization contracts to purchase a specific
number of consumables over a certain period. In this case, the accumulated value of
the consumables over a number of years makes up or may exceed the initial
acquisition value of the asset, since the value of the asset is included in the value of
the consumables and spread over a number of years [47].

3.5 Standardization in Asset Management

With increasing globalization, companies are increasingly implementing
management standards developed by the International Organization for
Standardization (ISO) [51]. ISO classifies a standard as being able to provide rules,
guidelines or characteristics for a certain activity or for certain results, with the aim
of achieving the ideal degree of order in a given context [52].
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In order to achieve consolidated and well-founded standards, ISO also collaborates
with the International FElectrotechnical Commission (IEC) on electronic
standardization issues. In addition, each country has its own formal representatives
who coordinate the standardization subsystem, and in Portugal the Portuguese

Quality Institute (PQI) is the National Standardization Body (NSB) [53].

The development and implementation of standards allows many organizations to
dedicate resources at a corporate level to evaluate, monitor and implement new
management standards throughout the organization. In addition, one of the main
objectives of standards is to enforce coherence, compatibility, safety, reduce
performance variability between suppliers and promote global trade [54].
Implementing standards allows companies not only to make strategic decisions, but
also to look for synergies between standards [51].

3.5.1 1SO 55000:2014 — Asset Management

In January 2014, the ISO 55000 series of asset management standards was launched,
along with the other associated standards that provide context, namely ISO 55001
and ISO 55002. The publication of these standards is attracting a great deal of
attention in the way various assets are organized [55]

The international standard ISO 55000:2014 considers that [55]:

“Asset management involves balancing costs, opportunities and risks
against desired performance in order to achieve organizational objectives.
The balance may require consideration at different stages over time.

Asset management guides an organization to examine the need for and
performance of assets and their systems at different levels. In addition, it
guides them through the different stages of their life cycle (which can start
trom the conception of their need to their decommissioning, including the
handling of any possible disposal of unneeded assets).”.

Based on this standard, companies are implementing systems with the aim of
obtaining more capable and critical systems, in order to achieve greater efficiency
and improvement in their assets, which will consequently have an impact on their
economic prospects. Following the context of ISO 55000, companies should
consider maintenance plans, focusing on asset condition monitoring and reliability
methodologies in order to assess the risks of their assets and information systems

(Figure 5) [56].
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Figure 5 - Simple representation of the iso 55000 standard and others. Own author.

This ISO 55000 series is the world's first attempt at a vision of the relevance of
managing any type of asset. This standard does not attempt to define “how to”, since
it depends on the organizational context and the respective assets. However, it
guides and enables a strategic view to be taken of an organization's existing assets,
providing greater trust between asset owners and service providers, customer
relations and the trust of other interested parties [57].

3.5.2 Standards for Health Services

There are several standards aimed at the healthcare services sector. These standards
are presented with described requirements for organizations that supply medical
equipment and/or devices and provide setvices to the healthcare sector. These
standards aim to provide guidance on management and best practices for both
medical devices and equipment, in order to ensure legal compliance, patient and
employee safety, efficiency and transparency in the management of assets that assist
in the provision of health care [58].

In this sense, there are a variety of standards aimed at physical assets such as medical
equipment, such as [58]:
= ISO 19054:2005 — Railway systems to support medical
equipment;

= ISO 12052:2017 — Health informatics: imaging and
communication in medicine, including workflow and data
management. Standard intended to facilitate the interoperability
of medical imaging equipment;

" Series of standards IEC 60601 — Technical standards and
essential performance of medical electrical equipment;
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= Serie rule IEC 60601-1 and derivatives Medical electrical
equipment: general requirements for basic safety and essential
performance.

On the other hand, standards are also being developed for medical devices, such as:

=[SO 15223-2:2010 — Medical devices: symbols to be used on

medical device labels, labeling and information to be provided;
» ISO 13485:2016 Medical devices: quality management systems;
= ISO 14971:2019 — Medical devices: applying risk management

to doctots;

» SO 25424:2018 — Sterilization of health products: requirements
for the development, validation and routine control of a
sterilization process for medical devices;

= ISO/TR 20416:2020 — Medical devices: post-matket

surveillance for manufacturers;

= ISO 17664:2021 — Processing of healthcare products:
information to be provided by the medical device manufacturer
for the processing of medical devices;

= ISO 20417:2021 — Medical devices: information to be provided
by the manufacturer.

Standards certification is an asset and helps asset management, as it is a great tool
for harmonizing the various essential requirements. On the other hand, it can
facilitate the reduction of waste and defects by controlling and improving the
suppliers' performance. In the healthcare sector it becomes even more essential, as
there is a huge diversity of physical assets with very specific characteristics, which
has led to the creation of systematic assessments of medical technologies. These
assessments are a common task in many European Union countries and Infarmed
recognizes the importance of these assessments, as they maximize health benefits
and quality of life, contribute to the sustainability of the hospital system, ensure the
efficient use of resources, evaluate the use and effectiveness of technologies, reduce
waste and inefficiencies and promote equitable access to physical assets that must be
constantly managed, as they are in contact with the patient [59].
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4 |IMPORTANCE AND WAYS TO HELP ASSETS THROUGHOUT THE
LIFE CYCLE

Nowadays, institutions have more technologically advanced and, at the same time,
more complex physical healthcare assets, which reinforce the importance of
operational performance, which is a differentiating factor. Operational performance
is also based on the various types of maintenance implemented and tools that aid
and promote continuous improvement and process optimization.

This chapter covers tools that help an asset throughout its life cycle, namely the
importance of maintenance and frequently used performance indicators, as well as
problems that can arise in extending an asset's life cycle. This chapter also briefly
discusses the impact that asset management has on sustainability and the role of the
engineer in physical asset management.

4.1 The Importance of Maintenance

Maintenance is defined as the combination of all technical and administrative
activities in order to maintain the asset, installation and others, in the desired
operating conditions. Desirable operating conditions involve keeping the asset in
normal operating conditions, increasing reliability and availability while reducing the
rate of breakdowns [60]. According to the Portuguese version of standard EN
13306:2007, maintenance is “the combination of all technical, administrative and
management actions, during the life cycle of an asset, aimed at maintaining or
restoring it to a state in which it can perform its required function” [61].

Maintenance allows entities to increase production capacity and/or provide setvices,
reducing future capital expenditure through [41]:

- Maximize uptime;

- Maximize production/service accuracy;

- Minimize costs per unit produced/service provided;

- Practical and economic risk control;

- Increased security.
Asset management linked to maintenance makes it possible to intervene proactively
in physical assets, increasing reliability, availability and productivity, which will
consequently increase profitability and excellence in service provision. This is
because maximizing profits depends on the ability to keep assets in working order,
which is supported by maintenance, which sometimes requires downtime, taking
away the asset's capacity for use. In this sense, minimizing downtime is fundamental

to maximizing asset availability [41]. In addition, there is a direct relationship
between the physical life stage of the asset and its maintenance, since an asset that is
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properly maintained will deteriorate at a slower rate than one that is improperly
maintained [42].

In the hospital context, the maintenance of physical assets is fundamental to creating
value in healthcare services, through availability and guaranteeing reliability, as well
as reducing costs and saving hospital resources. The importance of maintenance in
reducing risks is highlighted, as maintenance reduces the risk of exposure to clients
and employees, resulting in an increase in the value of services [62].

The process of maintaining physical assets must be planned, implemented,
monitored and continuously improved. Implementing appropriate maintenance
strategies requires the following types of resources: human resources, material
resources, financial resources and documentation [62]. To facilitate these processes,
there are tools that help manage the maintenance of physical assets and that allow
the actual performance of the asset to be monitored, helping to keep track of
maintenance and prioritize maintenance requests received by health service parties

[63].

In order to guarantee these aspects in physical assets, it is prudent for asset
management, associated with a maintenance vision, to develop maintenance plans
for all assets. A maintenance strategy involves creating maintenance plans based on
existing types of maintenance, as shown in Error! Reference source not found.:

Types of
Maintenance

Preventive Predictive Corrective
Maintenance Maintenance Maintenance

Systematic Conditioned

Figure 6 - Types of maintenance. Source: [99].
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4.1.1 Preventive Maintenance

Preventive maintenance management is a maintenance management activity that
involves various factors ranging from the availability of technicians, maintenance
skills, available asset periods, task duration and the respective date set for the
procedure. Preventive maintenance involves creating a predetermined schedule for
routine inspections and replacement components that are planned in advance
according to the respective asset. Preventive maintenance, once it is scheduled, helps
to avoid unexpected breakdowns and ensures that the equipment functions

optimally [64].

Systematic preventive maintenance is based on a previously developed plan to be
carried out periodically. The programs are developed according to a parameter, such
as a unit of time, which represents and clarifies the operation of the asset, as a way
of monitoring the main parameters and trends to be analyzed [65].

In conditioned preventive maintenance, interventions are carried out according to a
previously developed plan, linked to one or more parameters that the asset requires,
when it reaches a certain limit, it inevitably requires an intervention [65].

4.1.2 Predictive Maintenance

In predictive maintenance, the use of advanced technologies is involved in
monitoring operating conditions and analyzing asset data in order to control and
warn of possible failures before they actually occur. When a monitoring alert occurs,
interventions are made that are timely and allow the asset's downtime to be
minimized [60].

4.1.3 Corrective Maintenance

Corrective maintenance includes all unscheduled interventions. In this type of
maintenance, the problem that requires intervention is identified, corrected once it
has occurred and the asset's operation is resumed. Despite being maintenance based
on non-programming, it must be itemized and included in maintenance plans, as it
can be difficult to predict the exact moment when it will occur, but it can happen
and must therefore be safeguarded against [65].

4.2 Performance and Risk Indicators

There are crucial fundamentals in physical asset management that help analyze
various metrics throughout an asset's life cycle, namely the concept of reliability,
availability, continuous improvement and risk management. These terms play an
important role, as they allow for better control over the asset and continuous
monitoring, particularly of the overall functioning of various components, processes
and systems [67].
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4.2.1 Reliability

Reliability is defined as “the ability of a system to perform a required function under
certain conditions, within a certain scope and over a certain period”. In addition,
reliability is directly related to asset safety, since in order to have a safe asset, it needs
to be working propetly [67].

In order to better understand the reliability of an asset, we use an illustration, shown
in Figure 7, called the “bathub-curve”.

A infant-
A period useful life
"burn-in"

ageing period
"wear-out"

\J

Figure 7 -Bathtub curve. Source [67].

The bathub-curve is the representation of the failure distribution curve of an asset,
in that it is the statistic of the failure rate (1) over the lifetime (t) the useful life of
an asset [67].

The bathub-curve representation follows the idea of dividing the failure rate over
the useful life of an asset, which can be divided into three distinct periods [67]:

- Infant- period: In this period, failures are referred to as early failures. These failures
can occur at the beginning of the asset's acquisition, for example due to defects in
manufacturing materials, structural or installation faults. The failure rate (4)
decreases over time, since after this period there is a stabilization of the asset's failure
rate.

- Usetul life: In this period, failures are referred to as constant failures, since the
continuous use of the asset causes wear and accumulated stresses that result in
failures caused by use. The failure rate (1) is constant over time, since these failures
can occur periodically and constantly.

- Ageing period: In this petiod, also known as wear out, the failure rate (4) increases
considerably, since, as the name suggests, it is due to the long years of use of the
asset. Over time, with constant use of the asset, wear and tear and faults accumulate,
causing the number of faults to increase, resulting in a region of linear growth.

4.2.2 Availability

Availability is defined as “the probability of a given system working correctly at a
given time. For repairable systems, it is a time-dependent function, just like
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reliability”. Reliability describes the probability that the operation will be fault-free
by time t. Availability considers the probability of the operation being fault-free at
time t, including possible downtime for repair [67].

Availability considers reliability, maintenance capacity and efficiency (by taking
repair time into account) to calculate the probability of an asset being operational.
This indicator is of great interest for entities to monitor more broadly how available
their assets are, what impact reliability and maintenance have on them and,
consequently, on the entity's final objectives [68].

4.2.3 Return On Investment - ROI

Return On Investment (ROI) is a performance metric that makes it possible to assess
the efficiency or profitability of an investment. This indicator allows an entity to
directly measure the percentage of return obtained on a specific investment [69].
Tracking ROI allows the entity to make more informed decisions, such as whether
to buy or continue with the asset throughout its life cycle, since it is based on cash
flows over the amount invested.

ROI analysis allows an entity to have a clear and quantitative metric of the
investments made, allowing it to readjust, if necessary, the efficient allocation of
resources. This metric is calculated on net return (rather than net profit or earned
value), as it does not consider the value of depreciation, which can be negative [69].

If the ROI is positive, it means that the total return has exceeded the sum of the
costs, meaning that it is a viable investment. Otherwise, when the ROI value is
negative, the total expenses exceed the return, it is an unviable investment. ROI is
considered good when the value generated by the investment significantly exceeds
the initial cost. The higher the return, the more efficiently the resources invested
were used [09].

The main factors influencing ROI include the value of the initial investment, the
cost of ongoing maintenance and the cash flow generated by the investment as well

as asset availability [69].

4.2.4 Continuous Improvement

Continuous improvement in a continuous process, such as asset management, aims
to improve final products or services through processes of constant improvement
in performance, in order to achieve better results overall. This improvement is
focused in particular on the respective assets and, in general, on the entity's services,
in a continuous and gradual manner. In this sense, an approach aimed at continuous
improvement makes it possible to support an entity from a basic management level
to an advanced management level over time [70].

To achieve this, it is necessary to raise standards in various sectors, such as [28]:

- Cleaning;
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- Maintenance;
- Recording performance data;
- Identification of losses and their causes.

In this sense, the use of support tools facilitates and improves the quantity and
quality of information, such as [28]:

- Performance indicators (KPI’S);
- Reliability and availability calculation methods;

- Auxiliary continuous improvement methods.

4.2.4.1 Deming wheel

The Deming wheel (Figure 8) is an interactive method that aids continuous
improvement. This method is made up of four steps that are ordered in such a way
as to break down key stages with specificity and is adaptable to all systems and assets.
The four steps follow the following order: plan, do, check and act [28].

Plan =Create e T
: 5 Do = Implement on
t
'I“.‘apr:ovemen// |\ atialbasis
/ Plan Do
|
(] L
" )
\ 1A Check /
\\ Check = Measure to
Act = Implement on a \ o see if actual
full scale basis ——— improvement is
achieved

Figure 8 - Continuous improvement cycle - Deming wheel. Source: [28]

4.2.4.2 Fishbone Diagram (Ishikawa)

The fishbone diagram (Figure 9) is a very important tool in the process of continuous
improvement, as it is possible to follow the diagram in order to see if the
surroundings, beyond the asset, are being properly executed, as this directly reflects
on the productivity of the asset, such as [28]:

- Materials: suitability, wear, corrosion, fatigue, etc;

- Equipment: capacity, status, instrumentation, calibration, etc;
- Information: documentation, access, updating, etc;

- People: knowledge, training, skills, feedback, etc;

- Environment: temperature, humidity, lighting, cleanliness, etc;

- Methods: structure, appropriate, documented, compliance, etc.
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Figure 9 - Fishbone Diagram (Ishikawa) -
Simplified- Source: [28].

4.2.4.3 Benchmarking Hospital

In order to monitor an entity's procedures and its assets, performance evaluations
and audits are usually carried out. Both performance evaluations and audits are ways
of monitoring process compliance and promoting continuous improvement of the
system as a whole. In this method, verification of the processes used in physical
assets is one of the sectors that is analyzed. In these benchmarking moments, various
parameters are assessed, including [28]:

- Business policy and commercial planning;
- Asset planning;

- Acquisition of assets;

- Asset transactions;
- Asset maintenance;
- Asset replacement;
- Decision support tools;

At hospital level, the General Inspection of Health Activities is responsible for
auditing, inspecting, disciplining and developing hospital action in the health sector.
This analysis, according to the General Inspection of Health Activities, aims to
ensure compliance with the law, to raise the technical standards of action in all areas
of activity and health care provision, provided both by the services of establishments
and bodies of the Ministry of Health and by private entities. [71].
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4.2.5 Risk Management

Risk management is defined as the continuous process of identifying, evaluating and
treating potential risks that may occur in an organization. Risk management is a
process designed to protect the organization's assets and minimize financial losses,
in that it is proactive management that aims to reduce the frequency and severity of
unexpected incidents, reduce the impact of legal action and promote highly reliable
performance. For this to work, risk management must be agreed and structured with
the entire surrounding organization [72].

For risk management to be a control process embedded in the normal practices and
activities of the entity, in this case in the hospital sector, a consolidated management
program is necessary in order to [72]:

1

2
3
4

Identify and detect risks;
Assign risk values;
Loss anticipation;

Decide on objective and achievable measures to minimize the impact between
the patient and the hospital.

4.2.5.1 Risk Management Program

For risk management to be carried out correctly in the hospital sector, [72],
structured a program that suggests elements to take into account:

1

The appointment of a Manager in charge of risk management, supported by
all segments of the hospital community, from the Executive Director to the
medical teams.

The Managet's role is to make rounds and meet with the heads of departments
in order to familiarize everyone with the concept of risk management and
their respective responsibilities.

Implement a program where risk management encompasses various parts of
the hospital and its history:

a) ldentify situations in the hospital that could produce incidents and
result in financial losses;

b) Evaluate reports and incidents for at least six months and compare
available data on incidents in other hospitals in order to be able to
identify situations in the hospital that are likely to cause incidents;

c) Eliminate unnecessary and dangerous procedures carried out on the
premises;

d) Analyze the history of buying and selling equipment that could

result in legal action;
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e) Transfer responsibility through “indemnity” agreements to the
manufacturers of hospital physical assets;

f) Finding agreeable options between asset manufacturers and
hospitals in order to meet the hospital's needs in the most reliable
and cost-effective way;

@) Implementation of a complaint mechanism in the hospital by
patients;

h) Implementation of continuous collection of negative healthcare
data;

1) Identification of high-risk areas in the hospital;
j) Insert methods of continuous improvement in risk management.

To achieve these risk management objectives, it is essential for all organizations to
involve teams in order to achieve the desired organizational results, such as
productivity and safety. Of course, in a hospital environment, staff training is
essential for successful management, since complex medical devices and equipment
are handled, and they are in direct contact with patients [73].

In addition, risk management involves the involvement and interaction between the
medical staff of the daily teams and the commercial companies, in particular the
workers responsible for training hospital physical assets. In addition to these, other
people whose responsibilities include maintenance or calibration, such as biomedical
engineering staff, who are responsible for the routine cleaning, disinfection or
sterilization of certain physical assets also need personalized training [73].

Contact between the different teams can range from initial training, usually aimed at
using and supporting a new physical asset, to ongoing in-service training and
individualized training, when indicated. Understanding the complexity of the asset
technology in use is fundamental to reducing the risk involved [72].

4.2.5.2 Risk Areas and Assessment

In addition to a structured program to find risks in order to mitigate them, an
organization must also develop a standard risk classification system, with the aim of,
after identifying the risk, categorizing it into types, such as “risk domains”, “risk
categories” or “risk areas”. Categorizing risks into domains will help ensure that all
areas are categorized [73].

Common risk domains identified in healthcare include: economic, operational,
human capital, strategic, regulatory, technological and natural causes. Risk domains
should be well defined, with the help of the entire organization, in the risk
identification and analysis process, using a predetermined set of risk categories and
exposures [73] (Table 1).



Life Cycle Analysis

of Imaging Equipment

Risk categories

Domains

Economic

This is a risk that affects capital structure,
such as profitability, access to capital,
commercial relations and the recognition
of income and expenses.

Operational/Clinical

Risks related to the conduct of the activity
and operation result from inadequate
internal processes, which affect patient

safety.

Human capital

Regarding the role of employees in the
labor market, such as turnover and
remuneration.

Strategic

Inability to adapt to changes in the
environment, risk of competition and
clinical research. Risk associated with
brand, reputation, advertising and
business strategies.

Legal/Regulatory

Incorporates risks arising from product
liability, management liability, non-
compliance with statutes, standards, rules
and regulations.

Technology

Risks associated with adopting new
systems and processes.

Natural/Disaster

Risks associated with natural causes,
causing physical loss of assets or a
reduction in their value, such as
earthquakes, floods and fires.

Table 1 - Characterization of risk categories and domains. Source: [73].

The relationships between risks need to be identified and analyzed in order to
support the main organizational objectives of a hospital environment, such as
providing safe, quality healthcare to patients. Once the major risks have been
identified, organizations are able to determine an appropriate response, through
prevention, mitigation, management and financing [73].
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In order to carry out a risk assessment and classification, after identifying the risk
events, it is necessary to assess them in two different dimensions: probability
(frequency or period up to impact) and financial impact (severity) and recognize that
there may be a variety of possible outcomes directed at an event [73].

4.3 Problems with Extending the Life Cycle of an Asset

The decision to extend the life cycle of an asset is a challenging problem, especially
when it comes to complex assets that are crucial to achieving the organization's
objectives. Sometimes, the greatest difficulty in making a decision about the ideal
time to replace physical assets is due to the lack of data collection and subsequent
analysis, which can generate more uncertainty in decision-making. These factors can
increase the risk that the organization may run in several areas, such as [74]:

1 Capacity: loss of some of the asset's functionality;

2 Economic: direct or indirect loss of revenue due to production failure as a
result of asset degradation

Safety: injury or death to operators or patients;

Environment: environmental damage;

o A~ W

Regulatory: ability to have the asset certified or licensed to operate;
6 Logistics: ability to obtain spare parts.

In this sense, the problems that can arise highlight the importance of physical asset
management, in that detailed planning makes it possible to monitor the asset, namely
through the existence of support systems for collecting data and information during
its life cycle, in order to avoid unpleasant surprises in the future [28].

4.4  The Importance of Asset Management in Sustainability

The Wotld Health Organization (WHO) defines the term healthcare waste as “all
waste produced in healthcare facilities, research centers and laboratories related to
medical procedures” [75]. The amount of healthcare waste is increasing as the global
population grows and the demand for medical services also increases. Medical waste
management is therefore becoming a highly important issue, as a way of helping to
achieve increasingly sustainable hospital management [70].

By definition, sustainability is the ability to obtain resources for present needs
without compromising the ability of future generations to meet their own needs. In
this way, more and more studies are proving the importance of adopting a
sustainable vision in the health sector [77]. The WHO calls on hospitals and
healthcare facilities to collect and implement environmentally sustainable ways to
mitigate the impact of waste on their facilities [75].
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Sustainability projects for physical assets in the hospital environment range from the
structure and entire construction of a hospital, to methods of achieving water
efficiency, energy-saving techniques, sourcing green materials and resources, quality
inside facilities, ensuring the proper storage and transportation of waste on and off

the hospital site [78] [79] [80].

The entire process of managing physical assets, from purchase to maintenance and
replacement, is of the utmost importance and must be taken into account if hospitals
are guaranteeing the quality of healthcare provision with a sustainable vision [62].

To this end, the inclusion of engineers, whose role is to manage physical assets,
makes it possible to assist in the process of creating a more sustainable hospital
system. Through the implementation of new techniques such as structured and
planned physical asset maintenance management programs, it is possible to
minimize breakdowns or failures and strengthen the technological situation of the
tacilities. Consequently, this leads to greater efficiency and productivity of health

technology resources, as well as providing good health services and saving resources
and alternatives [81] [82].

4.5 O The Role of the Engineer in Physical Asset Management

The healthcare system, in some medical specialties more than others, has become
dependent on technology, insofar as the proper implementation of technological
innovation is intended to promote and improve the quality of the healthcare
provided. The increase in technology has boosted engineering activities in the same
proportion, in order to monitor the respective technological assets implemented.

In the huge hospital sector, engineering activities play an indispensable role, since
they aggregate and support the entire built-in structure necessary for the smooth
running of the organization, which is reflected in the provision of healthcare.
Engineering and Asset Management, in particular, has the function of guiding all the
processes that are crucial for the effective and efficient performance of an asset,
which allow the organization's ultimate goal to be achieved [83].

Asset Engineering and Management emerged from maintenance as a need for a
broader and more systematic look at the evaluation of physical assets and to broaden
involvement in strategic planning issues, production capacity or planning the renewal
of physical assets. This includes the study of the consequences of the investment
made in physical assets, ranging from the choice of appropriate technological
solutions, their values, optimization of LCI and disposal of the physical asset [30].

In addition, Asset Engineering and Management is more comprehensive, as it
enables:

v" Better and more effective decision-making in interventions;

v" Improving the efficiency and effectiveness of operation and maintenance;
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v" Effect on development or current service offer;

v’ Increase compliance with regulations and standards;
v" Improve return on investment or cash flow;

v" Controlling the stock of existing assets;

v" Analyze maintenance contracts;

v" Inventory control.

In the hospital sector, physical asset management makes it possible to overcome
problems such as: the random replacement of expensive medical technology, the
lack of a technology integration plan in strategic planning and limited opportunities
for interdisciplinary exchange between engineering and clinical professionals. This
whole study is of great relevance in the hospital area, as these are complex physical
assets with high investment values [84].

In short, the role of an engineer trained to administer Physical Asset Management is
increasingly crucial, particularly in the hospital area, since the ability to predict and
manage the continuous evolution of an asset has become an indispensable
component in all decisions, bridging gaps that might otherwise occur between the
organization and the physical assets acquired.
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5 APPLICATION OF THE MODEL - LIFE CYCLE INVESTMENT

The financial aspect is fundamental for all organizations (public, private or non-
profit) in order to determine the level of operation at which they will make the
maximum profit on their investments, the moment at which an investment pays off
and the moment at which the investment is no longer viable. Without knowledge of
all the values involved in an asset, it would be difficult for organizations to carry out
their routine operations.

This chapter discusses a method for determining life cycle investment (LCI). The
main objective is to gather in detail the values invested throughout the life cycle, the
benefits derived from the respective asset and apply the LCI model, so that it is
possible to assist and complement decision-making throughout the life cycle of three
medical imaging assets.

5.1 Methodology

In this study, the LCI method is applied, taking into account three depreciation
methods, to three different pieces of imaging equipment: an ultrasound scanner, a
mammography equipment and an X-ray. In order to carry out the calculations, it is
necessary to gather information on the history of each piece of equipment and then
apply it to the respective variables. The history of the equipment is provided by the
organization where the imaging equipment described is located.

Initially, using the figures provided, a general L.CI study is carried out for each piece
of equipment, based on the profits and expenses of the respective entity, considering
each depreciation method. The aim is to analyze the year in which the entity will
recover the investment made in the asset, the maximum total return on total
expenses, a projection of the appropriate time interval for the entity to replace it and
the ROI calculation. On the other hand, based on the results obtained, a study is
carried out varying the values considered, namely maintenance and availability, in
order to effectively determine the impact and direct influence that these values have
on the LCI and ROL

5.1.1 Calculate the useful life of an asset

At the start of the study, it is essential to calculate the useful life of each piece of
equipment under study. In this sense, following the definition which states that “the
useful life of a physical asset ends when the sum of its maintenance costs exceeds
the capital amortization costs of equivalent new equipment” [85], the years of useful
life of each physical imaging asset are obtained (equation (1)).
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Therefore:
Mj — Value of maintenance in year j = 1,2,3 ... n;
I1 — Initial asset investment;
la — Apparent rate;
Jj—Periodj =1,2,3..n.

From the resulting year, with this definition in mind, it is possible to calculate the
depreciation values of the different methods over the years, developed later in this
repott.

5.1.2 Life Cycle Investment - LCI

Life Cycle Investment (LCI) is a method that presents all the amounts spent over
the asset's life cycle from an investment point of view, rather than a cost point of
view. In this way, the aim is to maximize the asset's production capacity by investing
in methods, such as maintenance and performance indicators, that allow the
investment to be maximized. With this objective in mind, the LCI method considers
the benefits and expenses over the entire life cycle. This method makes it possible

to assess the right moment when an investment does not return to a positive value,
Bj n _Fj
(1+ia)J J=0 (1+ia)j

using the approach in the equation GR, =II— j = 0Bn@A

n

, M; Dj
J=0 (1+ia)J

- j=one L (@)

n
— - BJ_E N M gm0
GRp =11 (1+ia)] (1+ia)J Zj=0(1+ia)f =0 (1+ia)) @
Jj=0

j=0

Therefore:
GR,, — Global result from benefits and expenses in year n;
ia — Apparent rate;
II — Initial asset investment;

B]- — Value of benefits in j = 1,2,3 ...n;
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F}- — Value of functioning in j = 1,2,3 ...n;
Mj— Value of maintenance in j = 1,2,3 ... 1;
Dj — Value of depreciation in j = 1,2,3 ... n;
J—Petiodinj =1,2,3..n.

It should be noted that the risk factor is an important and necessary component to
consider in management and, in particular, in decision-making regarding physical
assets [86]. However, this component has not been taken into account, since it is so
far an extremely subjective indicator, in that it depends on various criteria, factors,
points of view and perspectives of analysis. At the moment, not all organizations
have this indicator estimated in a pragmatic and quantified way.

5.1.3 Temporal Value of Money

The management of physical assets implies, as already mentioned, the financial
allocation of a physical asset. This financial allocation implies the commitment of
resources that you want to have over several years. It is therefore necessary to
introduce one of the structural principles of economics, the notion of the time value
of money, thus making it possible to analyze what the updated value of a given
amount will be over time.

The time value of money is based on the decrease that occurs in the value of money
as time passes, i.e. money loses its value over time. Several factors contribute to this,
such as inflation (it will cost us more tomorrow to buy the same thing as it costs us
today) [87].

When you own a physical asset, considering the current value allows you to
understand what the future flow will produce in current terms, because when you
make the decision to acquire an asset, it involves a commitment of resources,
although the actual returns from the decision will occur over a future period [87].
This reinforces the fact that, normally, any amount invested today in a physical asset
that produces a return at some point in the future will be worth much less when
expressed in today's terms [87].

On this basis, it is necessary to adjust all the values involved in the asset in order to
obtain an accurate picture of its real value. To calculate the monetary Present Value
(PV) the discount rate considered is discounted from the amount equation (3). In
the equation (3), it is shown that if we invest an amount (4) today, in 2 years' time,
we will obtain the present value (PV),) discounted at the rate (ia).

— 4 3
PVA—m 3)
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To calculate the Apparent Rate (ia), Fishet's equation was used, as described by
[88], which considers the real interest rate and the inflation rate. The relationship
between them can be obtained using the Fisher equation, described in (equation (4)).

A+ia)=1+71) X (1+h) (4)

Therefore:
- la: Apparent rate;
- 1: Interest Rate;
- h: Inflation rate.

In order to calculate the apparent rate for the years prior to the date of this report,
the historical inflation and interest data available were accessed [89] [90]. However,
there are no long-term forecasts available on the behavior of these values. We
therefore opted to carry out a forecast calculation using one of the existing models
in the literature.

5.1.3.1 Forecasting Models — Simple Exponential Smoothing

Forecasting methods are a fundamental tool in decision-making processes in various
areas and sectors, as they are widely used to calculate forecasts based on present and
past values. For a forecast to be made, a time series is needed, which is a set of
observations measured sequentially over time or only at specific times, usually
spaced out (days, months, quarters, years, etc.) [91].

The method used to calculate future inflation and interest rates is called simple
exponential smoothing. This method is the weighted combination of previous
observations, where the most recent observations are given a greater “weight” than
the older ones. This means that the more recent the observation, the greater its
contribution to the forecast and, therefore, it can be said that the weighting decreases
exponentially with the age of the observations (hence the name exponential

smoothing method) [91].

The simple exponential smoothing method considers that the forecast for the
following period Y741, is no more than the forecast for the current period, Y7,

adjusted by the respective forecast error, er = Yy + ¥, where @ is the smoothing
constant that varies between 0 and 1, represented in equation (5):

?T+1 = ?T + a(YT - ?T) (5)
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If the value of the & is higher (closer to 1), a higher weight is given to the most recent
observations, if @ has a smaller value (closer to 0), it is the historical data that has
more weight. Thus, the parameter & can be used to adjust the sensitivity of the
forecast to changes in the level of the series [92].

5.1.4 Depreciation

The Life Cycle Investment (LCI) method considers expenses, and the depreciation
variable must be added to this component, since as mentioned in chapter 3,
depreciation is an expense that occurs naturally from the moment the physical asset
is acquired. There are a variety of depreciation methods for calculating depreciation,
but this study considers three different methods, namely the straight-line method,
the exponential method and the sum-of-the-digits method.

5.1.4.1 Straight Line Depreciation Method (SLDM)
The Straight Line Method of Depreciation (SLDM or SLMD) considers that the

decline in the value of the equipment is constant over the years. This is the simplest
method, in the sense that it is based on uniform distribution of depreciation over
the asset's life cycle, and is calculated from the equation (6) and (7):

4y = ©
Therefore:
- dy: Annual depreciation quota;
- II: Initial investment;
- VC,,: Residual value after n periods of time;
- N: Useful life;
-n: Periodinn =1,2,3...N.
The value of the equipment, 1}, in a period n least than N is given by the equation
(7):

Vo =11 —nxd, @)

51.4.1.1 Exponent Depreciation Method - EDM

The Exponent Depreciation Method (EMD or EDM) applies a decreasing annual
depreciation charge over the life of the asset, based on the fact that a given asset
produces more in the initial years of acquisition and its production capacity decreases

43


https://www.linguee.com.br/ingles-portugues/traducao/therefore.html

Cristiana Sofia Pereira Afonso

with use [49]. That said, this method is the most accelerated and distributes
depreciation exponentially over the years, providing a decreasing annual depreciation
charge as the use of the asset decreases, contributing to most of the depreciation
being recorded in the first years of use of the asset. This method is calculated using

equation (8) and (9):
NIVC
=1- |2 8
dp=1 / T 8)

- dy: Annual depreciation quota;

Therefore:

- II: Initial investment;

- VC,,: Residual value after n periods of time;
- N: Useful life;

-n: Periodinn =1,2,3 ... N.

The value of the equipment, V}, in a period n least than N is given by the (equation

O)):

Vo =11 x (1~ dy)" 9)

5.1.4.1.2 Sum-of-the-Digits Depreciation Method (SDM)

The Sum-of-the-Digits Depreciation Method (MSD or SDM) is faster than the
straight-line method and, like the exponential method, considers that most of the
depreciation occurs in the first few years of the asset's use, with a gradual decrease
over the life of the asset. However, this decrease is slower than the exponential
method. This value can be obtained by calculating the equation ((10) — ((12).

2
d, _N-t-D (I - VC,) (11)

SD
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Therefore:

- SD: Sum of the digits;

- N: Useful life;

- d;,: Annual depreciation quota;

- II: Initial investment;

- VC,,: Residual value after n periods of time;

-n: Periodinn =1,2,3 ... N.
The value of the equipment, I}, in a period n least than N is given by the (Equation
(12)):

Vo, =11—d, (12)

In order to calculate all the depreciation methods, it is necessary to know the residual
value, which is difficult to find as it can depend on various factors, such as the
company where the asset was acquired, which makes it difficult to obtain this value.
To fill this gap, the residual value was set at 1. In this way, it is possible to draw the
necessary conclusions, in addition to the fact that the value is probably zero in reality.

5.1.4.2 Availability

Since the Key Performance Indicators (KPI'S) are of great importance, as discussed
in chapter 4, it is also essential to include them in the LCI method.

Availability is calculated taking into account the Mean Time Between Failures
(MTBF) (equation (13)), which is a calculation based on the perceived reliability of
the asset, through the average time without failures [67]. In addition to this, the Mean
Repair Time is also used (MTTR) and the Mean Waiting Time for Repair (MWT)
[88] (equation (13) -(15)).

The MTBF is calculated using the equation (13:

n  TBFi
MTBF = % (13)

Therefore:
- TBFi: Average time between failures i = 1,2,3 ...1;

- n: Number of intervals in good working order.

The MTTR is calculated using the (equation (14)):
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n TTRi
MTTR = —t%r—— (14)

Therefore:
- TTRi: Average repair time in between { = 1,2,3 ... n;
- n: Number of interventions.

In turn, the MWT is calculated using the (equation (15)):

. .
MWT = %W“ (15)

Therefore:
- WTi: Average waiting time for repair i = 1,2,3...m
- n: Number of interventions.

The availability (A) is then calculated by relating all these indicators (equation (16):

MTBF
A= (16)
MTBF + MWT 4+ MTTR

5.1.4.3 Return On Investment - ROI

As explained in, Return on Investment (ROI) is a highly relevant metric for
organizations to understand the financial impact of their assets. In this case, it will
be applied to the study encompassing imaging assets. This calculation is made using
cash flows, updated to present value, on the initial investment in the asset,
represented in the equation (17).

CF,
(1 +ia) (17)

11

1l
=

ROI = J

Therefore:

CF}- —Cash flow j = 1,2,3 ...n;
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I1 — Initial investment;
ia — Apparent rate;
Jj—Periodinj =1,2,3..n.

In this sense, the ROl is calculated on all the imaging equipment, using the different
cash flow values, i.e. the amounts generated and spent on the equipment, in order
to understand what return the hospital has on each investment over the years. If the
ROI calculations are positive, it means that the investment has produced benefits
for the organization (total returns exceed total expenses), otherwise not (total
expenses exceed total returns).

5.2 Case Study

In order to carry out the necessary Life Cycle Investment (LCI) calculations, using
the different depreciation methods, the benefit value is taken to be the amount paid
per medical consultation where each piece of equipment is used. In turn, the
operating value in this case refers to the amount of energy consumed by the asset,
which is estimated as a daily cycle, i.e. the time periods are the same every day, with
no distinction between working days and weekends. It is considered that there is an
annual increase in the operating value of 30% from 2026, since this is the deadline
that indicates that this value is equal to the value of 2023.

As for the value of maintenance, it takes into account the years within the warranty
and, after the warranty expires, the payment of a constant annual amount that can
measure various types of maintenance. It should be noted that the value of
maintenance in the future may change depending on the type of maintenance the
asset requires. However, as there is little history on the asset, the maintenance value
is considered to be constant over the coming years. In addition, as mentioned in
chapter 3, each piece of equipment has different maintenance values due to its
functionality, use and whether or not it depends on accessories to perform its
function. In this sense, any accessory that is essential for correct operation is added
to the maintenance value.

As far as availability is concerned, since these are assets acquired by the entity in a
relatively recent period, this variable is also considered to be constant over time. In
turn, the value of depreciation is obtained by calculating the different methods,
which follows the line of reasoning presented above.

All the values considered relate to the respective assets up to the start date of this
study. All depreciation methods have been calculated for each asset, however for a
more in-depth explanation, the LCI of each asset will be explained according to a
depreciation method. All the other tables and graphs can be found in the appendix
for consultation.
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It should be noted that the data presented has a variable offset from the real values,
but it is in line with reality and market values. In this way, the lag applied does not
compromise the objective of the study or its results.

5.2.1 Case Study - Ultrasound Scanner

The first physical asset under analysis is an ultrasound scanner, where the asset's
useful life is initially calculated, followed by all the calculations needed to calculate
the Life Cycle Investment (LCI). The characteristics of the ultrasound scanner are
the same as those mentioned in chapter 2, however, this asset has a hospital function
to assist in the diagnosis of mammograms, and its use is optional depending on the
health professional. This asset was acquired in 2023 and is still under warranty.

The ultrasound scanner is a physical asset that requires changing probes with some
trequency, obviously depending on a number of factors, such as frequency of use,
characteristics of the materials, among others. In this case, the replacement of probes
is not included in the maintenance value, so it was considered that the equipment
requires the replacement of a probe every 3 years, adding this value of the probe to
the maintenance value.

5.2.1.1 Useful Life - Ultrasound Scanner

The Figure 10 shows the sum of the value of maintenance in the coming years, as
well as the purchase price of equivalent new equipment. It can thus be seen that in
the initial years of purchase, the maintenance value is constant, due to the warranty
period. The sum of the maintenance costs exceeds the purchase price of equivalent
new equipment in 2046.

Lifespan of an ultrasound scanner

alue (€)

Monetary v

——Maintenance value Acquisition value of new physical asset

Figure 10 - Time when the ultrasound scanner reaches its useful life.

In this sense, it can be seen that the ultrasound scanner has a useful life of some 23
years after the year it was purchased.



Life Cycle Analysis of Imaging Equipment

5.2.1.2 LCI by SLDM - Ultrasound Scanner

In Table 2 describes the annual amounts on which the ultrasound scannet's LCI is
based, namely the initial investment, the operating and maintenance value, the value
of an equivalent probe, the benefits obtained and the asset's availability. These values
are updated to present value according to the respective calculated rate.

Prices incl. Tax (Yearly
Data
amount)
Initial Investment (I1) 104 796,00 €
Operation (0) 264,15 €
Maintenance (M) 7603,20 €
Probe (Every 3 years) 3 600,00 €
Benefits (B) 25 536,00 €
Availability (A) | 0,96

Table 2 - Annual information taken into account to calculate the LLCI
of the ultrasound scanner.

According to the echograph's LCI method by SLDM, Figure 11 is obtained, which

shows the overall result between expenses and benefits.

At first glance, it can be seen that the Figure 11 is represented by gradual values that
give rise to a concise curve, with no sudden change in values, due to the influence
of the depreciation method, which, as the name suggests, is a linear method. It is
possible to see that the overall result of expenses and benefits starts at negative
values in the year the asset is acquired, moving to positive values in 2026 and
remaining positive until 2052, and then decreasing to visibly sharp negative values.
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Overall result of ultrasound scanner - SLDM
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Figure 11 - Overall result of the ultrasound scanner's LCI using the SLDM method
over time.

From 2023 to 2025, the overall result is negative, since it 1s in 2023 that the
ultrasound scanner is purchased, which means that more money is spent than
income generated until 2025. However, it is in 2026 that the overall result becomes
positive (9,857.57 €), with 2027 being the year in which this figure is most significant,
amounting to around 31,854.99 €, revealing that it is in this period, between 2026
and 2027, that the entity will have recovered the amount invested in the acquisition
of the asset.

The positive figures continue until 2052, meaning that it is during this period of time
that the asset generates more total benefits than total expenses. During this year, it
is between 2037 and 2045 that the overall result is higher, 136 876.76 € and 130
269.69 € respectively, and in 2041 the highest value of total benefits in relation to
total expenses is obtained, around 143 017.90 €.

After 2041, the overall result begins to gradually decrease, becoming negative in 2053
with a figure of -12 981.20 €, due to the increase in total expenditure in relation to
total benefits. From this analysis, it can be concluded that it is in this period, between
2052 and 2053, when the difference in values begins, that the time is right for the
company to consider replacing the equipment.

5.2.1.3 ROI - Ultrasound Scanner

Turning to the ROI of the ultrasound scanner, this is calculated considering net
values, insofar as depreciation values are disregarded. In this way, Figure 12 was
obtained, which, at first glance, shows that there is an initial period in which the
equipment generates more expense than benefit, reversing this value during a certain
period and then returning to the initial trend.



Life Cycle Analysis of Imaging Equipment

ROl - ULTRASOUND SCANNER

2024 202520262027 202820292030203120322033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052
BROI (%) -55%-35%-26%-15% -5% 4% 10% 17% 23% 29% 32% 36% 40% 42% 44% 45% 45% 45% 43% 41% 37% 32% 25% 16% 5% -9% -26%-47%-73%

Figure 12 - ROI of the ultrasound scanner over time.

According to the ROI, the ultrasound scanner is not financially profitable until 2028,
as this is the period in which the amount invested in the asset is recovered, and until
that year the ROI value is negative. After this year, the asset effectively begins to

make a profit, as total returns exceed total expenses, reaching an ROI of 45%
between 2039 and 2041.

However, from 2049 onwards, the figures reverse, and the ROI is negative, because
total expenses start to exceed total profits, which could be a warning that the asset
is no longer financially advantageous.

In short, the amount spent on the ultrasound scanner is a financially reliable
investment, but it is an asset that, under the conditions presented, takes a certain 5
years for the benefits to outweigh the expenses, however, these values are reversed,
reaching values above 40% return.

5.2.2 Case Study - Mammography Equipment

The second physical imaging asset under study is a mammography machine, where
the same line of reasoning as above was followed sequentially. Firstly, the useful life
of the mammography equipment was calculated, following the entire line of
reasoning according to the Life Cycle Investment (LCI) and the three depreciation
methods.

5.2.2.1 Useful Life — Mammography Equipment

In the Figure 13 shows the moment in time when the sum of the mammography
equipment's maintenance value is constant, which is in the first two years after the
asset's acquisition, in relation to the warranty period. After these years, the sum of
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the mammography equipment's maintenance exceeds the value of an equivalent new
asset in 2032.

Lifespan of an mammography systems
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Maintenance value  =—=Acquisition value of new physical asset

Figure 13 - The point in time when mammography systems reach their useful
life.

It can therefore be concluded that the mammography equipment has a useful life of
9 years after the year it was purchased.

5.2.2.2 LCl by EDM — Mammography Equipment

The Table 3 below shows all the annual values considered when calculating the LLCI
of mammography equipment.

Pri incl.
Data rices incl. Tax (Yearly
amount)
Initial Investment (11) 247 230,00 €
Operation (O) 2201,28€
Maintenance (M) 39067,20€
Benefits (B) 82 530,00 €
Availability (A) | 0,999

Table 3 - Annual information taken into account to calculate
mammography systems' LCI.

The Life Cycle Investment (LCI) of mammography equipment according to the
EDM results in an overall result of expenses and benefits shown in Figure 14 .

Firstly, the EDM, as the name implies, influences the LCI, in that it is translated into
an exponential curve, i.e. the values increase rapidly from one year to the next, with
a more gradual decrease starting at a certain point in the last few years of useful life.
In Figure 14 shows that the LCI curve starts at a negative value, but quickly reaches
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positive and quite significant values, gradually decreasing after reaching the most
profitable year, around 2036.

Overall result of mammography systems - EDM
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Figure 14 - Overall result of the LCI of mammography systems by the EDM
method over time.

With this depreciation method, it is in the year 2024 that the entity obtains the
highest total benefits generated, with around 96,694.47 €, increasing exponentially
to around 167,530.37 € in 2025 and around 208,417.18 € in 2026.

This high value in the year 2025 is also due to the equipment's warranty years, in
which maintenance values are not considered. However, even though the
maintenance value is added in the following year, the overall result becomes higher
over time, because the total benefits generated by the mammography machine
outweigh the depreciated value of the asset.

The overall result of benefits and expenses remains positive until the year 2046, and
between the years 2032 and 2040, the total benefits exceed the total expenses,
resulting in values of between 332,802.61 € and 323,319.49 €, respectively. The
highest value occurs in the year 2036 with values of around 356,849.60 €.

From the year 2046 onwards, the total expenses compared to the benefits will
increase more and more, with the interval between 2046 and 2047 being the period
in which the entity will consider replacing the asset.

5.2.2.3 ROl — Mammography Equipment

In Figure 15 shows the ROI of the mammography equipment under the conditions
presented, not considering depreciation over the years. Looking at Figure 15, at first
glance, it is possible to conclude that this asset is not financially profitable during the
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first two years, since it has negative ROI values, but the scenario reverses between
2026 and 2043, returning to negative in 2044.

ROl - MAMMOGRAPHY SYSTEMS

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
WROI (%) -37% -10% 2% 13% 23% 32% 40% 46% 51% 56% 59% 60% 61% 60% 58% 54% 47% 39% 28% 13% -5% -28% -56% -91%

Figure 15 - ROI of mammography systems over time.

According to the study of the mammography equipment’s ROI, it can be concluded
that this asset is financially reliable in that, although between 2024 and 2025 it shows
negative ROI values, in 2026 this value is reversed and total returns become higher
than total expenses.

From 2026 to 2043, the ROI values are positive, reaching profits of between 60%
and 61% between 2035 and 2037. The opposite occurs in 2044, when the equipment
no longer becomes financially advantageous, and the total expenses outweigh the
total expected benefits.

In short, the amount invested in the mammography equipment is a financially
reliable investment, since, although it takes 2 years to recoup the amounts invested
in the asset, it has a certainty of 18 years with an average ROI of 41%.

5.2.3 Case Study — X-ray

The last physical asset under study is the X-ray, which follows exactly the same line
of reasoning explained above and developed for the previous assets. It should be
noted that all depreciation methods were studied in the LLCI, but in this chapter the
Life Cycle Investment (LCI) will be described graphically considering the sum-of-
the-digits depreciation model, with the remaining graphs attached.

5.2.3.1 Useful Life — X-ray

Following the methodology described for obtaining the useful life of equipment, we
obtain the Figure 16 , which shows the end of the X-ray's useful life in 2033.
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Lifespan of an X-ray system
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Figure 16 - Time when the X-ray reaches its useful life.

This means that, from the moment it is purchased, the X-ray has a useful life of 10
years.

5.2.3.2  LCl by SDM—X-ray

The respective X-ray values for calculating the LCI are shown in the following table
(Table 4):

Initial Investment (I1) 151 290,00 €
Operation (0) 3727493 €
Maintenance (M) 22 104,00 €
Benefits (B) 278 100,00 €

Availability (A) 0,661

Table 4: Annual information used to calculate X ray's LCI.

In Figure 17 shows the Life Cycle Investment (L.CI), this time using the SDM, giving
rise to a curve that reflects the behavior of the overall result of the expenses and
benefits of X-ray over time.

At first glance, it is possible to see the influence of the SDM on the LCI, insofar as
it is possible to identify the initial acceleration, indicating that depreciation occurs
more in the first years of the asset's acquisition, with a gradual decrease in the last
years of its useful life. Contrary to all the assets analyzed, the overall result of the
expenses and benefits of the X-ray starts at positive values, and it is only in 2038 that
this value rises to negative values.
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Overall result of X-ray system - SDM
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Figure 17 - Overall result of the X-ray L.CI by the SDM method over time.

Immediately in the year 2023, the overall result of the X-ray's expenses and benefits
is contrary to the other graphs analyzed for other equipment, in that it starts with
positive values, around 89,535.07 €, which indicates that the amount invested in this
asset, the entity recovers immediately at the end of the first year of operation.

In the remaining years, the overall result is always positive, reaching successively
increasing values, meaning that total profits are greater than total expenses
throughout the positive period. It is between 2027 and 2035 that the overall result is
highest, reaching values between 603,469.48 € and 529,088.18 €, respectively.
However, it is in the year 2031 that the maximum value is highest, with around
765,728.80 € in total profit in relation to expenses.

Itis in the year 2038 that this scenario is reversed, i.e. the expenses start to outweigh
the benefits and, consequently, the overall result is negative. It can therefore be
concluded that the interval in which the entity should consider replacing the x-ray is
between 2037 and 2038.

5.2.33 ROI = X-ray

The X-ray ROI study was carried out exactly as mentioned above and in the same
way as the previous assets. In this way, Figure 18 is obtained, where it can be seen
immediately that the asset in 2024 shows positive ROI values, which means that the
benefits compensate for the expenses of the first year, continuing in a constant
growth, starting the reversal of ROI in 2034.
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2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044
ROI (%) 172% 252% 314% 364% 403% 431% 446% 448% 435% 406% 358% 290% 196% 73% -83% -281% -526% -830% -1204% -1661% -2218%

Figure 18 - ROI of X ray systems over time.

According to the ROI study of the X-ray, it can be concluded that this asset is
financially quite profitable, in that the total returns generated by the asset exceed the
total expenses for 14 years by more than 200%. It is between the years 2029 and
2033 that the ROI varies between 431% and 406% respectively, with the highest
return in 2031 being a certain 448%. Subsequently, total expenditure begins to
exceed total returns in 2038, and this reversal continues steeply.

In short, the amount invested in the X-ray is a highly profitable investment, since
the return on the asset's investment is almost immediate and over 14 years it has an
average ROI of 328%.
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6 DISCUSSION OF RESULTS

The study of the Life Cycle Investment (LLCI) of the three imaging assets, using the
actual values of the organization, including the different depreciation methods,
allows us to understand the real difference between the three depreciation methods
and the direct impact on the overall results.

On the one hand, the LCI calculated, first with factual values, gives a broad
perception of the future impact of the current condition of the assets present in the
organization. On the other hand, the scenarios presented below make it possible to
understand the real impact that the metrics considered have on the asset's life cycle,
especially maintenance and availability.

6.1 Ultrasound Scanner

In summary, the following overall result was obtained for the LCI of the ultrasound
scanner, using the depreciation methods:

The LCI method with SLDM:
Year of investment return: 2026
Period with the highest profit: 2037 to 2045
Year with the highest profits: 2041 (139 947,42 €)
Ideal replacement period: 2052 to 2053

The LCI method with EDM:
Year of investment return: 2025
Period with the highest profit: 2035 to 2044
Year with the highest profits: 2040 (144 446,44 €)
Ideal replacement period: 2052 to 2053

The LCI method with SDM:
Year of investment return: 2026
Period with the highest profit: 2037 to 2045;
Year with the highest profits: 2041 (143 017,90 €)
Ideal replacement period: 2052 to 2053

Analysis of ROI:

Period of positive financial return: 2029 to 2047 - average of 30% over 20 years.
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Maximum financial return: 45%

What impact does the value of maintenance and availability have on these
results?

Considering that the asset needs more maintenance interventions from the year 2030
onwards, this leads to an increase in the value of maintenance of around 1,500 € and,
consequently, a decrease in availability from 96% to 85%. What is the impact on LCI
and ROI?

Considering these changes, it can be concluded that:
The LCI method with SLDM (Figure 19):
Year of investment return: 2026
Period with the highest profit: 2037 to 2045
Year with the highest profits: 2041 (123 071,51 €)
Ideal replacement period: 2051 to 2052

Overall result of ultrasound scanner - SLDM - changes
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Figure 19 - Overall result of the ultrasound scanner LCI by the SLDM method

over time with an increase in maintenance value and decrease in availability.

The LCI method with EDM:

Year of investment return: 2025

Period with the highest profit: 2036 to 2044
Year with the highest profits: 2040 (136 119,55€)

Ideal replacement period: 2052 to 2053
The LCI method with SDM:
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Year of investment return: 2026
Period with the highest profit: 2036 a 2044,
Year with the highest profits: 2040 (126 787,03 €)
Ideal replacement period: 2051 to 2052
Analysis of ROI (Figure 20):
Period of positive financial return: 2029 to 2046 - average of 21% over 18 years.

Maximum financial return: 30% between 2037 and 2041

ROI - ULTRASOUND SCANNER - CHANGES

202420252026 2027 2028 20292030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052
BROI (%) -55%-35%-26%-15% -5% 4% 8% 13% 17% 21% 23% 26% 28% 30% 30% 30% 30% 29% 26% 23% 19% 13% 6% -3% -15%-29%-47%-68%-94%

Figure 20 - ROI of the ultrasound scanner over time with an increase in
maintenance value and decrease in availability.

According to the factual figures, it can be concluded that the amount invested in the
asset will be recovered in benefits in 2026, considering the SLDM and SDM
methods, and in 2025 according to the EDM method. It will take approximately 27
years for the total benefits to outweigh the total expenses, reaching maximum annual
values of 139,947.42 € and 144,446.44 € between 2040 and 2041, depending on the
depreciation methods. Furthermore, it can be concluded that the advisable
replacement period, which cuts across all replacement methods, is between 2052 and
2053. As for the ROI, it shows 20 years with positive values, reaching a return of
45% between 2039 and 2040, reaching an average of 30% over 20 years.

However, considering an increase of 1,500 € per year in maintenance from 2030 and
a decrease in availability from 96% to 85%, it is clear that there is a slight reduction
in all the segments under analysis, reducing the maximum total benefits to
123,071.51 € and €136,119.55 €, using the depreciation methods. In addition, the
indicated replacement period is brought forward by 1 year. As for ROI, there is a
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reduction in the number of years in which profit exceeds expenditure, from 20 to 18
years, and a decrease in the average ROI to 21%.

Thus, considering all the values presented in the hypothetical situation, it can be seen
that there is a direct impact on the overall result of the asset, increasing total expenses
slightly in relation to total benefits and causing a decrease in the asset's life cycle.

6.2 Mammography Equipment

With regard to the mammogram, the following information was obtained in the
overall result:

The LCI method with SLDM:
Year of investment return: 2025
Period with the highest profit: 2033 to 2041
Year with the highest profits: 2037 (390 940,27 €)
Ideal replacement period: 2047 to 2048
The LCI method with EDM:
Year of investment return: 2024
Period with the highest profit: 2032 to 2040
Year with the highest profits: 2036 (356 849,60 €)
Ideal replacement period: 2046 to 2047
The LCI method with SDM:
Year of investment return: 2025
Period with the highest profit: 2031 to 2039
Year with the highest profits: 2035 (350 176,57 €)
Ideal replacement period: 2046 to 2047
Analysis of ROI:
Period of positive financial return: 2026 to 2043 - average of 41% over 18 years.
Maximum financial return: 61%
What impact does availability have on these results?

Considering that the mammography machine will need a few extra work orders four
years after its acquisition, i.e. in 2027. This has led to a change from approximately
100% availability to 89% between 2017 and 2029 and 92% from 2030 onwards.
What is the impact on LCI and ROI?

The LCI method with SLDM:

61



Cristiana Sofia Pereira Afonso

Year of investment return: 2025
Period with the highest profit: 2033 to 2041
Year with the highest profits: 2037 (353 397,37 €)
Ideal replacement period: 2046 to 2047
The LCI method with EDM (Figure 21):
Year of investment return: 2024
Period with the highest profit: 2031 to 2039
Year with the highest profits: 2035 (321 468,15 €)
Ideal replacement period: 2046 to 2047

Overall result of mammography systems - EDM - changes
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Figure 21 - Overall result of the LCI of mammography systems by the EDM method
over time considering a decrease in availability.
The LCI method with SDM:
Year of investment return: 2025
Period with the highest profit: 2030 to 2038
Year with the highest profits: 2034 (316 998,98 €)
Ideal replacement period: 2045 to 2046
Analysis of ROI (Figure 22):
Period of positive financial return: 2026 to 2042 - average of 31% over 17 years.

Maximum financial return: 47
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ROI - MAMMOGRAPHY SYSTEMS - CHANGES

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
WROI (%) -37% -10% 2% 11% 19% 25% 31% 36% 40% 44% 46% 47% 47% 45% 42% 37% 31% 22% 10% -5% -24% -47% -75% -111%

Figure 22 - ROI of mammography systems over time, considering a decrease in
availability.

In the first mammography study, considering the factual values, it can be seen that
the entity will have recovered the amount invested in 2025, considering the SLDM
and SDM methods, and in 2024 according to the EDM method. In addition, the
total benefits exceed the total profits for 23 years of the life cycle, reaching maximum
annual values of between 350,176.57 € and 390,940.27 €, depending on the
depreciation methods. The replacement period is between 2046 and 2047 under the
SLDM and EDM methods and 2047 and 2048 under the SDM method. In terms of
ROI, over 18 years total profits exceed total expenses by an average of 41%.

However, in order to understand the impact of availability on this asset, it was
considered that from 2027 to 2029, there would be a decrease in availability from
almost 100% to 89% and from 2030 onwards, availability would be 92%. This
hypothetical situation causes a significant difference in the IL.CI, in that the maximum
total benefits achieved fall to annual values of between 316,998.98 € and 353,397.37
€, bringing forward the replacement period by 1 year. As for ROI, the period in
which total profits exceed total expenses is reduced by 1 year and the average goes
trom 41% (18 years) to 21% (17 years).

Depending on the situations presented, the impact that availability has on the life
cycle of the mammography machine is clear: in this case, it reduces the life cycle by
1 year and causes a clear drop in the maximum total benefits by more than 33,000.00
€.

6.3 X-ray

Finally, from the overall result of the LCI X-ray, the following information was
obtained:
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The LCI method with SLDM:
Year of investment return: 2023
Period with the highest profit: 2027 to 2035
Year with the highest profits: 2031 (755 466,88 €)
Ideal replacement period: 2037 to 2038
The LCI method with EDM:
Year of investment return: 2024
Period with the highest profit: 2031 to 2038
Year with the highest profits: 3031 (769 572,42 €)
Ideal replacement period: 2037 to 2038
The LCI method with SDM:
Year of investment return: 2023
Period with the highest profit: 2027 to 2035
Year with the highest profits: 2031 (765 728,80 €)
Ideal replacement period: 2037 to 2038
Analysis of ROI:
Period of positive financial return: 2024 to 2037 - average of 328% over 14 years.
Maximum financial return: 448%

What impact does the value of maintenance and availability have on these
results?

Hypothetically, disregarding the real value of 66% availability and considering that
the availability of the X-ray is 90% until the year 2027 and from 2028 it goes to 83%,
plus an annual increase of 1500 € in the maintenance value. What is the impact on

the LCI and ROI?
The LCI method with SLDM:
Year of investment return: 2024
Period with the highest profit: 2028 to 2036
Year with the highest profits: 2032 (1 083 610,70 €)
The LCI method with EDM:
Year of investment return: 2024
Period with the highest profit: 2027 to 2035
Year with the highest profits: 3031 (1 090 055,66 €)
Ideal replacement period: 2039 to 2040
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The LCI method with SDM: (Figure 23):
Year of investment return: 2024
Period with the highest profit: 2027 to 2035
Year with the highest profits: 2031 (1 086 212,04 €)
Ideal replacement period: 2039 to 2040

Overall result of X-ray system - SDM - changes
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Figure 23 - Overall result of the X-ray LLCI using the SDM method over time,

considering an increase in maintenance value and an increase in availability.

Analysis of ROI (Figure 24):
Period of positive financial return: 2024 to - 2039 average of 515% over 16 years.

Maximum financial return: 660%.
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ROI - X-RAY SYSTEM - CHANGES

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044
ROI (%) 212% 328% 423% 503% 569% 613% 644% 660% 660% 642% 605 546% 461% 346% 197% 6% 234% -532% -901% -1353% -1907%

Figure 24 - ROI of X-ray over time considering increase in maintenance value and
increase in availability.

The last asset under analysis is the X-ray where, considering the organization's real
values, it will be recovered at the end of the first year in activity, considering all
depreciation methods. Over 15 years, the total benefits exceed the total expenses,
reaching annual values of between 755,466.88 € and 769,572.42 €, using depreciation
methods. The ROI validates these figures, as it is always positive over 14 years,
reaching an average ROI of around 328% in these years.

Similarly, the X-ray also considers a hypothetical situation in which a higher
availability value and an increase in maintenance value are considered. In this sense,
the maximum annual return can vary between 1 083 610.70 € and 1 090 055.66 €,
depending on the depreciation methods. In addition, the life cycle is extended by
two years, increasing the maximum total profit obtained by more than 320,000.00 €.

In turn, the increase in ROI is notable, since over 16 years it reaches an average of
515%.

In fact, according to the situation presented, considering an increase in maintenance
and availability over the years, there is an increase in the life cycle of the X-ray by
two years, as well as a significant increase in total profits over total expenses and in

ROL

6.4 Final Thoughts on Discussing the Results

Throughout the study, the impact and influence of the variables considered in the
LCI model on the three physical medical imaging assets is verified, insofar as the
economic life cycle of the asset can be extended or reduced according to the amounts
invested in it. The insertion of depreciation methods makes it possible to understand
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how each one works and what impact they have on the LCI, concluding that, in
general, the difference between the different methods is not very pronounced.

The study is initially carried out considering factual values, in order to see what the
economic life cycle of each physical asset looks like over the next few years, based
on the organization's current values and conditions. Based on the organization's
current values and conditions, the period of greatest profit, the optimum
replacement period and the ROI of each asset. Of the three assets under studys, it is
clear that they are all economically profitable for the hospital, with the X-ray being
the asset that can obtain the most total benefits over total expenses throughout its
life cycle, compared to the other assets. This aspect is presented in the initial result
with factual values and also later when hypothetical situations are simulated.

On the other hand, when scenarios are introduced, influencing the variables,
especially maintenance and availability, the impact of these metrics on the economic
life cycle of the assets initially calculated can be seen, tunning the results. The
hypothetical situations show the impact that maintenance and availability have on
assets with different assets with different characteristics and conditions, in that they
can decrease or increase the asset's economic life cycle and net return.

This approach of inserting hypothetical situations focused on changing the variables
of maintenance and availability, since these are variables that are unpredictable and
can vary over time. This is because these variables depend on various external
tactors, such as suppliers or maintenance technicians. Turning these factors to the
LCI model, it is easy to see the underlying impact that these variables have on the
total benefits that physical assets can produce.

Introducing a hypothetical situation into the initial LCI of the ultrasound scanner,
where it is considered that there is an annual increase in the value of maintenance
and with a decrease in availability, the recommended period for replacing the
ultrasound scanner is brought forward by 1 year and there is a marked reduction in
RO, in relation to the overall result of the asset under current hospital conditions.

In the case of the mammography systems, by introducing a hypothetical situation
into the initial LCI where there is a slight decrease in availability, compared to the
initial years of the asset's functionality, there is an anticipation of the replacement
period, a decrease in the total benefits over total expenses and also in the ROI, in
relation to the overall result of the asset under current hospital conditions.

Considering a hypothetical situation introduced in the initial LCI of the X-ray, in
which an increase in availability and an increase in the annual value of maintenance,
there is an increase of 2 years in the recommended period in the life cycle, as well as
a significant increase in total profits over total expenses and in RO, in relation to
the overall result of the asset under current hospital conditions.

Finally, all the assets presented are recent and so there are still a few values to insert
into the respective variables, which can generate long life cycles. However, the
recommended use of this model is to update it over the years, from the moment the
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asset was acquired. This aspect is highlighted since it is a model that needs
continuous data analysis and as considered in this report, different values over time
change the results, which allows for more reliable continuous monitoring.
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7 CONCLUSION AND FUTURE WORKS

To conclude this report, this chapter highlights the conclusions drawn from the
implementation of the LCI in physical medical imaging assets and the impact that all
the variables considered have had throughout the life cycle. Finally, several
suggestions for improvements are made for possible future work.

7.1 Conclusion

The internship in a hospital was extremely enriching, as it allowed me to get to know
the reality of various complex assets, especially physical medical imaging assets,
through the monitoring they require, the different functionalities and particularities
that differ between them.

In addition, a variety of relevant content was covered during the internship,
including a set of standards and criteria aimed at supporting the management of
these assets. As well as the importance of studying relevant information in advance
about the asset that is to be acquired, ranging from the value of the acquisition and
ownership to the type of maintenance, monitoring and tracking of the medical
images produced by the asset. It also covered continuous improvement methods and
how these are effectively implemented in the hospital environment, as well as
providing a brief understanding of the importance and influence that asset
management has on sustainability.

The goal of create a Life Cycle Investment (LCI) model applied to physical assets
(Imaging Equipment) was fulfilled, and the importance and impact that the life cycle
analysis model on constant monitoring during the asset's economic life cycle was
demonstrate. It also demonstrates the purpose of the LCI model in helping physical
asset management to make informed and conscious decisions based on the values
obtained and reimbursed throughout the asset's activity, which consequently has an
impact on the entity's financial structure.

7.2 Future works

The objective of asset management should also focus on the knowledge of methods
and techniques capable of facilitating the use of physical assets, to get the best out
of them for the main purpose of organizations. Directing this evidence to the
hospital environment, where the aim is for all assets to be functional and available
effectively and efficiently, since they deal with the quality of life of all those involved,
but also considering the constant investment on the part of the organization.

In order for asset management to advance and continue to flourish in an
environment where asset management is highly relevant, it is necessary to increase
the number of studies in the literature, such as:
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- Extended study focusing on the specific characterization of the difference
between medical devices and medical equipment;

- Study on the impact of disinfection on medical devices and equipment and
what impact it has on the degradation of these assets over time;

- Survey in the hospital environment on the depreciation method used for
medical equipment and how this method is calculated;

- The study of when an asset is considered technologically obsolete, i.e. when
the effective time and conditions for the end of an asset's technological life occut;

- A study, for information purposes only, on the dismantling of physical
assets, in particular medical imaging physical assets made up of various components,
some of which are harmful to the environment.

In this sense, the improvements presented are merely suggestive, in the sense of
promoting possible future work and subsequent debate, so that various concepts can
be increased and improved in asset management and, consequently, support
managers directly in the hospital reality.
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ANNEXES

1.CI — Ultrasound Scanner

Overall result of ultrasound scanner - EDM
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Figure 25 - Overall result of the ultrasound scannet's LCI using the EDM method over
time.

Overall result of ultrasound scanner - SDM
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Figure 26 - Overall result of the ultrasound scanner's LCI using the SDM method over
time.
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LCI — Ultrasound Scanner: hypothetical situation in which there is an increase in the
value of maintenance and a decrease in availability

Overall result of ultrasound scanner - EDM - changes
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Figure 27 - Overall result of the LCI of the ultrasound scanner by the EDM method over
time with an increase in maintenance value and decrease in availability.

LCI — Mammograpgy Systems

Overall result of ultrasound scanner - SDM - changes
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Figure 28 - Overall result of the LCI of the ultrasound scanner by the SDM method over time
with an increase in maintenance value and decrease in availability.
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Overall result of mammography systems - SLDM
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Figure 29 - Overall result of the LCI of mammography systems by the SLDM
method over time.
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Figure 30 - Overall result of the LCI of mammography systems by the SDM method over
time.
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LCI - Mammography Systems: hypothetical situation in which a decrease in availability
is considered.
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Figure 31 - Overall result of the LCI of mammography systems by the SLDM method
over time considering a decrease in availability.
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Figure 32 - Overall result of the LCI of mammography systems by the SLDM method over
time considering a decrease in availability.
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Figure 33 - Overall result of the X-ray LLCI by the SLDM method over time.
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Figure 34 - Overall result of the X-ray LCI by the EDM method over time.
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LCI - X-ray: hypothetical situation in which we consider an increase in the value of
maintenance and an increase in availability.

Overall result of X-ray system - SLDM - changes
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Figure 35 - Overall result of the X-ray LCI using the SLDM method over time, considering an
increase in maintenance value and an increase in availability.
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Figure 36 - Overall result of the X-ray LCI using the EDM method over time, considering an
increase in maintenance value and an increase in availability.



I.CI — Ultrasound Scanner - tables
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Period 1] 2 4 B a o 12 L) 16 L 24 26 28 a0 32 34 35 36
1] 104 796,001
Present value of Il I SEE0006) | 71563521 | 531378001 | 45869591 | 40384260 | 333722601| 27077771 | 22783331 Ba3242| WE27.391 8782131 7257281 5937181 4 955,881 4 055,381 3722901 3384291
o 264,151 2E4.05 ] 3E1E01 E22.951 1103691 1965451 3464521 138791 0878.211 19267921 W07EE521 | 199856841 | 336373071 | GO59E1861| 1055882801 | 1870737981 | 2430070191 | 3314 440409
Fresent value of O 1 218.231 240,101 351541 514631 7h3501 1103251 161,311 2364971 3462551 0 866,97 1 15910,34 | 2323432 34105.22 1 43 933,451 F307.561 88 460,151 107 036,781
Accurnulated O F22871 TELTI 1803771 2743221 4119541 E134621 9084831 | 13404331 13728541 6233211 91451431 | 133937321 | 136283661 287 483,431 421MB.47 1 503 476621 E16 513.401
M 1 7E03.201
Presert value of b 1 - 5132101 42590591 3545611 25929571 2421241 2000831 1653421 1366.341 771041 B35 1 526,531 435111 359561 297.131 338.001 245541
Accurnul ated b I - 2121241 30221701 29514411 | 45EE7E1| B2O0133E) BE 215,211 | E0542E3] E3 418061 70357 E11 T1E3569 1 FAIOFBEI | 7298044 74931821 75 665,801 75 863,801 FE193.34)
B 26 536,001 - I I - - I - I - - - - - - - | - | - |
Present value of B 1 203251 | BTFIE021| 13879691 48973 9478221 7a32501 E 47253 5348691 441998 2454 26| 2061171 1702291 1407541 162,151 961191 873771 794,301
Accurnul ated B BE213.751 | 03432231 | 132640371 | 196727411 | TFEE32161 | 193080821 | 206673461 | 217905951 | 227188181 | 246435421 200764001 | 25434099 | 257 296911 259 735,581 2B1758,131 262 631831 263 426,191
Cash Flow 20106.82 1 1362811 9237561 7409.44 | 5794681 4307921 288639 1330291 |- 408910 |- SM3FE| - WABE33| |- 22TFETI|- F3132780 |- 497128860 |- 724438001 |- BT 924380 |- 106428031
SLDM 1 95683391 | BESFOFEBI| F74RETFI| BA34BEYI| B92328961| S0120350| 41007741 31853 | Z2FE2AR) - - - - - - - | - |
Present value of SLDM 1 FA0B9.69 BATEE1 | 4370700 | 1871631 | 22826061 | 1596081 079146 £ 936,051 409414 - - - - - - - - |
B - 79260.0010 BB 219781 | 03452291 | 132640371 | 1BE727411| FEE32161 | 193080821 | 206673461 2179055981 | 227188181 24643542 250764001 2543405991 | 257 296911 269739581 2E1758.131 2E2 631891 2E3 426191
Ezpenses [0 + M + SLOM) 264,151 O7305461 | ©1430951| FHFISETI| 74123.261 F2EI30 | 7408791 TEO0IS61 ) B08BINMI| GF240751| 13274973 163147181 | 207073000 | 270278101 J62 421241 406 572,27 1 505 430,421 B2 712,741
Overall result ‘- TFa524.18] | 1917568 1 | 22002741 | 56 904,801 | 82598141 | 104 079,051 | T8 972.031 | 130 581801 ‘ 137 0B8R | 139947 421 ‘ T3EE5.701 ‘ 87616821 ‘ 47 267,991 |- 12581201 |- 02 BR1ET 1 |- 234 81415 |- 322 738531 | 429 286 551 |
ROl [*]) ‘ | -36% 157 455 17 29% 36 427 457 457 622 -3 AT 10554 13055 -317 -A0T 5027

Table 5 - Table with all the ultrasound scanner values considered over time with the SLDM method.

85



Cristiana Sofia Pereira Afonso

Period 0 2 4 6 8 10 12 14 16 18 20 22 24 26, 28 30 32
1 104 796,00 €

Present value of 11 - €| 865600,06€ | 71563,52€| 59137,80€ | 48869,50€  40384,26€ | 33372,26€ | 27577,77€| 2278939€| 18832,42€| 1556251€| 1286036€| 10627,39€ B5782,13€| 7257,28€| 599718¢ 495588¢
o 264,15€ 264,15€ 351,60€ 622,95€ | 1103,69€| 195545€| 346452€| 613819€| 1087521€| 1926793€| 3413754€| 60482,46€ | 107 158,52 € | 189 855,84 € | 336373,07€ | 595961,86€ | 1055882,80¢€
Present value of O - € 21829¢€ 240,10€ 351,54 € 514,69 € 753,55€ | 1103,28€| 161531€| 236497€| 346255¢€ 506952¢€ 7422,29€ | 1086697€ | 1591034€| 2329432€ | 3410522¢€ 4993345€
Accumulated O 722,57€ 1161,11€| 1803,17€| 274322€| 411954€ | 613462€ | 908489€| 1340438€| 1972854€| 28087,76€| 42544,17€| 6239211€| 9145149¢€|133997,32€ | 19628866€ | 28748943¢

m - €| 760320¢€
Present value of M - € -t 5192,10€| 429059€| 354561€| 292997€ | 242124€ | 2000,83€| 1653,42€| 136634¢ 1129,10€ 93305¢€ 771.04€ 637,16 € 526,53 € 43511€ 359,56 €
Accumulated M - € - €| 2121124€| 30221,70€ | 3951441€ | 4566751€  5201336€ | S5621521€| G0548,69€ | 6341806€| 6637733€| 6833678€| 70357,61€ | 7169569€| 7307569€ | 73989,44€ 7493182€
B 25536,00€ -t -t -t -t -t -t -t - € -t - € - € -t -t -t -t - €
Present value of 8 - €| 2032511€| 1679602€| 1387969€ | 1146973€ | 947822€| 7832,50€| G647253€| GS34B69E| 441998E 365253¢€ 301834€ | 249426€| 206L17€| 170329€| 1407,54€ 1163,15¢€
Accumulated B 68219,78€ | 103492,29€ | 132 640,37 € | 156727,41€ | 176632,16€ | 193080,52€ | 206 673,46€ | 217 905,98 € | 227 188,18 € | 234858,60€ | 241197,35€ | 24643542€ | 250 764,00€ | 254 340,99€ | 257 29691€ | 25973958¢€
EDM - €| 3835244€ | 1403593€| 513676€| 187991¢ 688,00 € 251,79€ 92,15€ 3372€ 12,34€ 452€ 165€ -t -t -t -t - €
Present value of EDM - €| 3169323¢€ 958491€ | 289875¢€ 876,56 € 265,13 € 80,18 € 2425¢€ 733€ 222¢ 067€ 020¢€ -t -t -t -t - €
Benefits (B) - 79260,00€ | 68219,78€ | 103492,29€ | 132 640,37 € | 156727,41€ | 176632,16€ | 193 080,52€ | 206673,46€ | 21790598 € | 227 188,18 € | 234858,60€ | 241197,35€ | 24643542€ | 250 764,00€ | 254340,99€ | 257 29691€ | 25973958¢€
Expenses [0+M+EMD) 264,15€ | 40019,00€ | 31957,26€ | 3492362€| 4313429€ | 50052,18€ | 5822815€ | 65324,35€| 73960,40€| 8314883€| 9536575€| 11088115€ | 132749,73€ | 163 147,18€ | 207073,00€ | 270278,10€ | 362421,24€
Overall result - 7952415¢€ | 28 200,79 € ‘ 7153503 € | 97 716,75€ ‘ 113593,11€ ‘ 126 579,98 € ‘ 13485266 € ‘ 141349,11€ | 14394558 € | 14403935 € | 139492,94 € | 130316,20€ | 113685,70€ ‘ 87 516,82 € | 47 267,99€ |- 1298120€ |- 10268167€

Table 6 - Table with all the ultrasound scanner values

considered over time with the EDM method.




Life Cycle Analysis of Imaging Equipment

Period 0 2 g § 8 1 2 i % W m 2 P = % o 2 34
I 104736,001

Presentulue of - 1| GREOONRI|  TAS2|  SIWIANI|  GBERSII| 40384261 | 33226l ZTSTLATI| DTS | WRALADI | ESRZSN | WaEDAEI|  16ZT391 878231 7257281 ST 455,381 40%.381
] 51 51 B0 B350 ) 1945 | 3ds52l M| meman | mes | swrse | endezds | w7Rs2l 159955,841 FEIIIN sosgpeel | tosseezeni| temTanam
Presentualug of D oy 829 200 B S 5 3281 AN 236437 | 34620 |  SO06ISH | 742zesi|  amedn 53N BIMR HIEZ) 43333451 731075l
Aocumulaizd D amounts spen 2257 T wa | 2wz 413541 BUMET | 30B4A31 | TdM3 | BTASH | WM eS| eeaenm 31451491 13957,321 HH288.561 2743431 2105471

M -0 Teman
Presentualuz of Y - smm| 42905l 1560|2994 220 comgn | esadn| 1363 73 B/I0SI M BN s 531 4 561 L
ocumulaizdM amounts spen Yy -] zma|  weo|  sswen|  asestsn|  semmser|  seeman | s0seEdi | G34mOGI | ITR3I | EBBTEI | 703seN TR 91 T 1953441 331821 75555501
B 25536001 - - - | - | - | - | - | - - - | - | - | - | - - | - | -
Fresentulue of B -0 mmsw| ®7e0n | meTaed | Mesardi|  sereezi|  7eIaS0| 6472531 53BE91| 4431|3825 10834 24347 2081171 170,231 14754 T 9
ocumulatedB amounis spent BIETH | A | TRSLE | TN | TREIE) | GI0N082 | 0GETRAEI | IWOISSH | 22THON | IMESEEN | M| M4%Al 2507001 254340381 125690 T 261758, 11
SOM -0 messl|  7zwzan | somss | esseendr | aesseam | ssoeosmi|  moendi| w3 | SeE | 229 05 - Yy - - Yy -
Present ualuz of SDM <0 memen | wmdss | wmak|  zizeman | GESM| TSNST | 4dED: 23mB| 1023 B4 45721 - Y - - Y -
Benelits [E) - Tm0O | esr97H | medwan | weedodn | Eevoren | meemEl | BO0SAD) | 20BETRAN | IWNSSR) | 2R | oMEseEN | aiEnE | me4men 25070 254.340,331 572530 537358 BT
Expenses (0 + M+ SDM) 6470 |  GOGBIIN | TIGNI0I |  G4B0B03I | 6ASISSG| G324l |  6BaS  69THRESI | To65231 | mATOZBI|  sWasH | mSTEn | m2ram TR 207073001 2T 242 436572271
Ouerallresult |- 7351 |- paesn | mesam | evesae | ssonen | mesads|  wssseas|  veeteier|  wisdtsi|  w3oman | wetsEi | woeasm | meesoi | 576%,921 | w3 |- I |- meemen - zeWE

Table 7 - Table with all the ultrasound scanner values considered over time with the SDM method.
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LCI — Ultrasound Scanner: hypothetical situation in which there is an increase in the value of maintenance and a decrease in
availability - tables

Period ll 2 4 E 8 L 2 " i B 20 22 2 25 3 0 32 £ 3
I 104 795,001
Present ualue of - 86 600061 TISE35ZI | 5913TEDI | d4BEEASSI | 403846 33372261 | ZISTLTTI | 22783341 8832421 | BEEZEN 12880361 | 10627301 8782131 7257281 5337181 495,881 4095381 3384.291
0 264,51 264751 391601 622,351 T3ES1 1355451 3484521 6138131 0E75211 19267331 | M19TS41| 60482461 | W7TTSESZI| 189655841 | 33373071 | SISIGUG6I | TOSSBEZA0I | 1970TINIEI | 331440400
Presentualue of 0 - 28291 240101 ] 563! 753551 1109281 1615311 2364371 3462551 |  S08352I 7422291 | 08EEETI TILH | 232321 15221 43333451 73107561 0703781
Accumulated O amourts spent 722571 L 1803171 2743221 41541 6134521 084,891 1404381 19728541 | 28967761 4254 B3 TI451431 | 9997371 | WEEEOGEI | 287483431 4210BATI 6165513401
M - 7603201
Fresent ualue of M - - 515200 | 4290531 4245101 3508021 2836.911 2385571 1573621 1835301 | 1351851 1117131 923,761 TH2ATI 830411 520951 430501 355,751 283,361
Accumulated M amaurts spent - - Zanz4l | 30220701 | 40983331 | 48350401 55639331 BOT02N | BSTETRI B3T4181 | T26M241|  T4S5T2E1 | TT29TESI 889961 | 80437751 81591781 82683121 83430211 B4 175471
B 25536,001 - - - - - - - - - - - - - - - - - -
Presert uslue of B - 2032511 B796021 | 18I 011391 8364491 691241 57147 472011 3900621 | 32I3M 2663571 220111 1818381 150341 1242151 1026471 848,241 700,961
Accumulated B amaunts spent BRZITAI | W3492291 | TRBADITI | BIEITOTI | TI4ERSEI | WEOTETII | WTOT4Z | 20706801 |  ZI07H30I | ZZ2ATSTI| 226044140 | 233063301 | ZIGOEISN | MOOADEN | 24ZEAA03 | 244004541 245586201 24B058.251
Cach Flow 20106821 36380 | 9237561 5362201 a1z 2909361 17001 ITSE0N |- 19TE |- 3BE03 |- SETSTEI |- 95EEEI |- WEMZ: 22471591 |- IEA0ZI - 4933047 726071 |- 106629801
SLDM - 95683391 | BRSTOTEI | TTYSANI|  BRMSSTI| 592236l 50120351 | 41007741 3189531 22782521 | 136633 4557301 - - - - - - -
Fresert ualue of SLOM - 79055631 SSTTAT | 43TIOOI|  H1SI63N | 22826081 EH0AN | 0THE 6936051 4031 2030021 559,761 - - - - - - -
Benefits (B] - T9ZE0O0I BB21781 | 3432291 | 13264037 | BIEITOTI | T4EZSZI | WESTBTII | WTITAZE | 207886881 | ZIOTSIBI | PEATETI|  2084d1dll | 233083381 | ZIGEEIEG | MOOADEN | 24PEAAN) | 24dBO4S4I 245586201 2BUSEISI
Expenses (O - M - SLDM) 284,51 87 335,461 51430151 | 7573571 | TEE241 | 523001 TTTME | BOBIESEI 85085, 141 33005471 | 103628021 | TBOBDTDI | 139683661 O | ZW4IS0TI | 27TEEOA4) | ETOTIRSEI 504 445,581 0068461
Dverall result - teswmi |- wwses | zwzwi| wenesn|  7eemsn | sewesz | wetwise | mmenst | mwnan | waomsn| mzessi|  msozz| siswan | essmen | msssse - mongs |- wswTn |- zsieeed - dsesnen |
RO () ‘ | 357 7 a| 1] w 2 am a0 2] 23] 1] - 23] 87 u) e ] 521

Table 8 - Table with all the values considered, for the hypothetical situation, of the ultrasound scanner over time with the SLDM method



Life Cycle Analysis of Imaging Equipment

Period 0 2 4 ] ] 10 12 # 16 18 20 2 24 2 28 i 2 M %
1l 104 796001

Present value of I - | 9B 600061 71563521 B9137.801 48863531 40384260 33372260 20577771 2278339) 18832421 TBE625T1 12860,361 0627331 87827131 7257281 5937181 4955881 4035331 3384291
0 264151 264151 BH1E0 622951 1103651 1955451 3464521 6138731 WE7s21 18267331 #3751 60482461 W7E8521| 183956841 | 336373071 SHGOG1861| 1055882801 1870737931 | 3314440401
Present valug of O - 218,291 2407101 351541 UEII 753551 1103281 1616311 2364571 3462551 G063521 742291 0866571 191034 23254321 HE21 43933451 7307561 07 036,781
Accurnulated O arnounts spert 722571 1811 1803171 2743221 413541 6134621 9084891 13404381 18728541 28987761 42544771 6233211 91451431 133357321 196 28866 | 287 433,431 421016.47 1 616513401

M - 7E03.201
Present valug of M - | - 51327101 4230531 4245701 3508021 2838911 2395571 1973621 1635901 1351851 117131 923761 762871 630411 520951 430501 35,751 293981
Accurnulated M amounts spe - - 202m241| 30221701 40983331 48350401 55633391 BO730211 | B5748721 63184181 7261241 74957 261 77297 551 78833611 80457.751 41591781 82683121 83430211 84175471
B 25536001 - - - - - - - | - - | - | - | - - - - | - - | -
Present valug of B - 2032511 6736021 13679631 107121831 3478221 7832501 6472531 5348631 4413931 3652531 3018341 2434261 206171 1703291 1407541 163151 91151 794301
Accurnulated B amounts spent BR217EI| 103432291 | 132640371 IBHT071 | TWIBA21| 130250481 038437021 26075641 224357841 232028351 238367021 243606091 | 247 333661 251510661 254 46R.57 | 256909.241 258927731 260535851
EDM - BIB2441 14035531 5136761 18734911 688,001 251781 92561 B2 12341 45821 1851 - - - - - - -
Present valug of EDM - 31633231 3584511 2838751 476661 265,131 80181 242851 7331 2221 0671 0.201 - - - - - - -
Benefits [B) - 79260001 BR217EI| 103432291 | 132640371 WIBHT071 | TWIBAZ1| 130250481 2038437021 | 26075641 224357841 232028351 238367021 243605091 | 247 333661 251510661 254 46R.57 | 256909.241 258927731 260535851
Expenses (0 +M + EDM) 264151 4003,001 NG| ME23621 4B03271 ) B27H0T) B1914.191 63833351 73160431 B34 01533671 7501631 133683661 03B 2144535071 277 830441 072551 S04 446681|  70063B.881
Overall Result ‘ TI524151 ‘ 28200,791 | 753,031 | 377651 | 09233801 ‘ T21086,751 | 128 336,291 | 13003771 ‘ 155221 | 135442301 ‘ 130428891 ‘ 120865381 ‘ 10335431 | TTE8256) I 0R5 | 23413871 | 13263311 | 245518891 ‘ 40092031

Table 9 - Table with all the values considered, for the hypothetical situation, of the ultrasound scanner over time with the EDM method
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Period 0 2 : 6 3 0 © u 5 B x 2 2 ) B » 2 % )
I LB

Presert vl f | 0| mE0E| MR MW SRS WM BBl ZWOT ZTEEI BEe)|  BEISN R0 0EmmI| el Taam| SR 4WEI] 40EBI 3D

0 me|  mEl| men] s me|  mes semi smel owsa emm|  wwst| o] wesn | weesen| 3ane | seeim|  jsman| 1907w amesnd)

Present vl o S0 mm|  aam|  msn| s mml mml B3 oW Esl|  smeml ra2on| 0mEw1| M| zaum|  we21|  emel mWsI| W0ER

bemulled 0 amourtsspent e TR T 27z 4SN BTMEN S0MEI BB BBSN| BRI QSMTI RRM| TGO TSR WS sl 2B GESBAN
M | e

Presen vl o M - 1] swmm| emis| akEmI|  SSEII 28RS oMES 1991 BB 1EEI MBI @3Bl e el 50 we|  m 2381

berumulale s sper N S0 omma| Wz ol @BA1 ERSEI G072 BN BELBI|  TENM) TN AN mEss| e wsmm| mesm|  mena] sme

B BEB0N N - n n n NI I . _ _ _ . o _

Preserl v o B 0| mzsm| ] sl Dvmi|  emee sIW SIS anmml 3mnen | zean o o] tmesmi|  temm|  nem| e we %]

bemulle B amcuns scer 2673 | MRALH)| TIROT)| EIENUN| LLI WSTRTI WOMZ| VG| ZEUREI| Z0BOS| 2R 290I81| 7RG 0GOS | 2069T1| 2B | 285ENI| 28055

SDM 1| wmm| wws| mmsel| swon| Msms BE0E TOwMI UsREl SEEEI|  209EI M S N N n n o -

Present e o S011 0| memgn| em)| wmiel| 2] BIEE TEOSI eS| 201 3| mEH 7 N N . . . -| -

Benefits (E) | e | mems| wewy| Benr| 7w wwes wwz wmEl ssvam| s osen| onmmm | zeene| awwosi| avesm|  assmen| aseai] 80651

Expenses (0-+M + SOH) mn| mmsm| nema| emsm| ewemn| 3 w1 sl sesEl BEsal| Ml mses] wess| e owesw | arensn|  somsi| aeessi|  0ens)

Dverall Result maesl- vsmen| metwn]| ompan| mwmsm| wemmi wezn wesy| wewn vensi|  weom| weme| wwm| esps| ssesn sami swon| mme| e

Table 10 - Table with all the values considered, for the hypothetical situation, of the ultrasound scanner over time with the SDM method



LCI — Mammograpgy Systems - tables

Life Cycle Analysis of Imaging Equipment

Period 0 2 I £ 8 1 2 u € ® 2 2 2 x 2
i 247 230001

Fresent valuie of 1| evsooessi|  eeoesas)|  vesmael| e esg 5 272731 770341 |  esoenzal|  savE3ERl|  44e2mE0 J7UFI| 03!l 2507IEEN 270421 701

0 2201281 22m281 2930041 szl awras €233 22871011 GIT801|  S0625761|  E0SEG051| 284479501 |  soena052l|  sszases) | 1582132021| 2803 108.301

Fresent valus of O | 1812061 20871 2m9as1| 4205l 5279501 818371 09l | mve0sl|  2eemasnl 2215031 BIm2dT1|  GuseenI| TRSEETRN| TTHISI

Accumulated O amourts spent 5021401 9575831 BO43N|  228E0E M3 siwiEnl|  7erorasn|  mivosael|  te44naB3l| 241564831 345ET4N| 59934271 7R2035711]  1TEE44291
M T

Fresen valus of M ! - 1| osemyy|  zeuEkl| w2823 0546 2440341 n20801|  sam2l| 7o) 5 8031 4724251 3981811 3273821 2705451

ceumu ated M amounts spent IEEET sosel| w2 |  weesodri|  onzmeser|  zavasan|  omeomasni|  oreseeser|  awseesTI| aeTR2221|  30A05%1|  32MOATL R90ESU| 336N

B 8253000 - | -1 -1 -1 - - ! - - - I - -1

Present value of B | BEWGESI|  5B2B0ZEI|  4850SNN| 384328 31759701 & 245201 Ziesez0l | Tsee4sl|  wewml 2238341 niEl| s3Il 5 906501 573l

Acoumu ated B amourts spert aseee201|  a;vases)|  aeezer|  sererani|  seseazet|  emmnesi|  eesesnoni|  ovwses)| ol rmmoanl|  sostessun | emveisl| mwassal|  ssagmen

Cash Flow 85 266,481 rero| 2152561 w95E0) 10425141 ssnzani[- cuosass|- momari - orosas7i-  meoesal |- SEEER7OI]-  GSEREN - DRSEAASI|-  WITRA2l

SLDM 1| moosozer|  wrsenaa|  eeswsri|  27sv0se 27 45891 samef71 |- wraman |- weemezai|- oeaemoni|- smwrsal|- s wsel|- seorzai]- sssemm N

Fresent valus of SLOM 1| meseanr|  wmrma|  sssoasi|  wews 0554 ®203021]-  mwakl|-  aemsai|- ssman|- ms2rai]- ssasa|- sressn]- mmesa -

Benefits (B) waronon) |  zmseesa0l|  a;avases)|  aeee2en|  sererami|  seseaeil|  emsanss|  eesesnoni|  revwsesi|  mezal| mawan| sostessun | emaesl| swassnn|  ssamen

Eupenses (0 + M + SLOM) 2amzel|  zossmami|  essssni|  eozazaiei|  awsziwi|  zmowsmi|  eeazvzoer|  esemaersi|  ssTi2s)|  amssasti 600444051 G245TI591|  B0028B851 10519763B1) 1451341711

Overall Result |- wgeamzer|  aiseami|  wowsei|  zssesami]|  sossoemi|  smsenmen|  ssieseser|  sw0sanzri|  dme7e)| 6683051 ce34ssesl| BDEGEM0N| 22432520 - 2M780391)- 602129901 |

RO (%) [ [ a0 % P 4532 m B2 B 5 o e 2% 312 5% 0%

Table 11 - Table with all the considered values of the mammography systems over time with the SLDM method.
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Period 0 1 2 4 6 8 10 12 14 16, 18 20 22 24 26,
n 247 230,00

Presentvalue of Il - €| 22474390¢% 204 302,96 € 168 825,43 € 139515,24€ 11525093 € 95272,73€ 78730,34€ 65 060,23 € 53763,69€ 4442860 € 3671437¢€ 30339,58¢ 25071,66€ 2071842 €
0 2201,28€ 2201,28€ 2201,28€ 293004 € 5181,23€ 9187,45€ 16 295,39 € 28871,01€ 51151,60€ 90 626,76 € 160 566,05 € 284 479,50€ 504020,52€ 89298769 € 1582132,02¢€
Present value of O - € 200106 € 1819,06 € 2 000,87 € 292948 € 4289,05€ 627960 € 918397¢ 13 460,89 € 19 708,08 € 28 85461 € 42 246,03 € 61852,41€ 90558,11€ 132 586,13 €
Accumulated O amounts spent 4202,34€ 602140 € 9675,89€ 1502643 € 22 860,16 € 3432852€ 51121,80€ 75 707,38 € 111703,14€ 164 404,53 € 241 564,63 € 354534,74€ 51993427€ 762085,71€

M - £ - £ 35067,20 €
Present value of M - £ - £ - € 26 678,37 € 22046,15€ 18218,23€ 1505496 € 12440,94€ 10 280,80 € 848572€ 702058€ 580158€ 479425€ 3961,81€ 3273,92€
Accumulated M amounts spert -t - £ 39067,20€ 95093,16 € 141391,23€ 179 650,47 € 211 266,68 237393,30€ 258 983,51 € 276 824,96 € 291 568,57 € 303752,22¢€ 313 820,39 € 322140,41€ 32901581 €
B 82530,00€ - € - € - £ - £ - £ - £ - £ - £ - £ - £ - £ - £ - £
Present value of B - €| 7491865¢€ 68 105,55 € 56280,25 € 46508,19€ 38432,88€ 31759,70€ 26245,20€ 21 688,20 1792243 € 14 810,52 € 1223894 € 10 113,87 € 8357,78€ 6906,60 €
Accumulated B amounts spent 157 449,65 € 225555,20 € 343 746,65 € 441 416,28 € 52212733 € 588 824,3T€ 643 940,66 € 689 487,01 £ 72712505 € 75822792 € 78393034 € 805 163,33 € 82272176 € 83722599 €
EDM - €| 622107% 15654,32€ 951,21 € 62,76€ 397¢ 025€ 002€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00€ 000€
Present value of EDM - €| 58552,84% 12936,23€ 676,88 € 3542€ 185% 0,10€ 001€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00£
Benefits (B) - 164700,00€ | 15744965€ 22555520 € 343 746,65 € 44141628 € 52212733€ 58882437€ 643 940,66 € 689 487,01 € 727125,05€ 758227,92€ 783930,34€ 805 169,99 € 822721,76€ 33722599€
Expenses [0 + M + EDM) 2201,28€ | 60755,18€ 5802483 € 105 445,34 € 156453,08 € 202512,48% 245 596,29 € 288 515,11% 334 690,90 € 388 528,11% 435 873,10 € 545 316,85 € 668 355,13 £ 84207467E 109111152
Overall Result | 166 901,28 ‘ 9669447 € ‘ 167 530,37 € | 233300,70€ | 284 963,20 | 319 614,86 | 343228,08€ | 35542556 € | 354 796,11€ | 338596,04€ | 302254,82€ ‘ 238613,49€ | 135814,85€ ‘ 1935251€ |- 25388553€

Table 12 - Table with all the considered values of the mammography systems over time with the EDM method.



Life Cycle Analysis of Imaging Equipment

Period 0 2 4 6 8 10 12 14 16 18 20 2 24 b
I 247 230,00 £

Presentvalue of Il - €| 208302,95€| 16882943f 13951524 € | 11528093 € | 9527273 € 78730,34€ 65 060,23 £ S376369€ | 4442860€ | 3671437€| 3033958€| 2507L66E 2071842 €
o 2201,28€ 2201,28€ 293004 € 519123€| 919745€| 1629539€ 2BE7L01E 5115L,60€ 9062576€ | 16056605€ | 28447950€ | 5S0402052€ | BO2987,69€ | 1582132,02€
Presentvalue of O - £ 1B19,06 € 2 000,87 € 29294B€ | 42B905£ £ 279,60 € 919397¢ 13 460,89 € 19 70B,08 € IBBS461€ | 4224603€| 6185241€| 9055811€ 132 586,13 £
Accumulated O amounts spent 6021,40€ 967589 € 15026,43€ | 22BB016€| 3432952€ 51121,80€ 75707,39€ | 111703,14€| 16440453€ | 24156453€ | 35453474€| 51993427¢ 762 085,71 €

M - £ 38067,20€
Present value of M - £ - € 26 678,37 € 22046,15€ | 1821823€| 1505496€ 12 440,94 € 10 280,80 € B49572€ 702059 € 580159 € 479435 € 3961,81 € 327392¢€
Accumulated M amounts spent - £ 38 067,20 9509316 € 141391,23€ | 179 650,47€ | 211 26668€ | 23739330€| 2580983,51€ | I7682496€ | 20156857€ | 303752,22€ | 31382030€ | 32214041¢€ 32901581 £
B 82530,00€ - £ - £ - £ - £ - £ - £ - £ - £ - £ - £ - £ - £ - £
Presentvalue of B - £ 68 105,55 € 56 280,25 £ 45508,19€ | 3B43288€ | 3175970€ 26 245,20 € 21 688,20€ 1792243 € 14B1052€ | 1223894€| 1011387¢€ 8357,78€ £ 906,60 £
Accumulated B amounts spent 275555,20€ | 34374665 £ 44141628€ | 52212733 € | SBRB2437€ | F43040,66€ | GEOABTOLE | 72712505€| 75822792€| 7B393034€ | B05169,99€ | B2272176E 83722599 €
SDM - €| 15383238¢ 8241067 £ 3206487€ | 540498€ 1,00€ 1648293 € 5404078€ | 11537453€ | 19778420€ | 30216978€ | 42853127€| G576B6B36E 747 179,93 €
Present value of SDM - g| 127122,15¢ 56 276,93 € 18602,52€ | 2562,48€ 039€ 524899 € 1445803 € 25 089,84 £ 3554291€ | 4487309€| G5258B52€| 58500,37€ 62 515,32 €
Benefits (B) - 1B4700,00€| 22555520€ | 34374665 E 44141628€ | 522127,33€ | SBBB2437€ | 643040,66€ | GB4BT01E| 72712505€| 75822792€ | 783 93034€ | 805163,99€ | B22721T6E 83722599 €
Expenses (O + M + SDM) 2201,28€ | 17221076€ | 16104599¢€ 175020,1B€ | 205073,10€ | 24559658€ | 29376409€| 34914893€| 41361795€| 49151602€ | 59018994 € | 72094364€ | 90057504 € | 1153 72684€
Overall Result |— 166 901,28 € | 5334444€ | 182 700,66 £ | 266 396,00 € | 31705423 £ | 34322779 € | 3E0 176,57 € | 340 33808 € | 313 507,10 € | 166 711,80 £ | 19374080 € | B422635€ |- 7785328 |- 31650085 €

Table 13 - Table with all the considered values of the mammography systems
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LCI — Mammography Systems: hypothetical situation in which a decrease in availability is considered — tables

Cristiana Sofia Pereira Afonso

Period 0 2 4 5 8 jul 2 " 5 B 20 2 24 % 28
n 247 230,001
Present value of 1| - 204 302,951 62 829,431 139575.241 115 290,931 95 272,731 78730341 5 050,231 53 763691 44428501 I 30339581 25 07161 20718421 721041
] 220281 220281 2930,041 513123 3197451 6 295,391 28871011 51151601 90 626,761 160 566,051 284 479501 | 504020521 292 987,691 1582 132,021 2802108.301
Present value of O -1 1819.06 | 2000871 2929481 4283051 6279501 9193971 13 460,891 19708081 25 854511 42 246031 61852411 90 558,111 132 585,131 194 113,361
Accurnulated O amounts sper 6021401 9675891 15 126,43 | 22 360,161 34329521 51121801 75 707,391 M1703,14 1 164 404,53 | 241564631 | 354534741 519934.271 762 095,711 1115 644,291
M -1 39067.201
Present value of vl -1 - 26 678,371 22046151 18218.231 15 054,961 12 440,841 10 280,80 | 34595.721 7020591 5801591 47594251 3961811 3273821 2705451
Accumulated M arounits spen - 39067.201 95 093161 14139123 ] 179 B5047 | 21256651 237 393,301 268 933,511 276 924,961 29156857 | 303 752,221 313820,391 322 10,411 32906811 33697411
B 52 530,001 -1 -1 - - -1 -1 - -1 - -1 -1 -1 -1 -1
Present value of B -1 B3 105551 50 155,001 41449,791 35407371 29759521 24 179,131 19 980,361 BS540 13644511 11275471 9317691 7693.841 £362901 5258101
Accumnulated B amourts spent 225 565,20 337 625,401 424 672111 457 759,321 559 205,831 609 983,261 £51544,10] 45 619,191 P15 273581 7IB 952651 |  753520.281 774 690,341 788052751 739 095.041
Cash Flow 65 286,481 21479751 474,15 12900081 7924951 2544221 |- 3I7E0831 |- MBI2EN1|- 2223059 |- EIT2EN |- SPIBATL - 85 820091 |- 12949751 |- 191566.72 1
SLDM - 192 290,22 1 137 350,441 B2 410671 27 470891 27 468.891 |- G2408671 |- 197348441 |- 192280221 |- 247 220001 |- 0267781 - BIWFSEI |- 412047331 |- 466 987,711 -1
Presert value of SLOM - 158302491 93794431 46505451 1280521 0585431 |- 26243021 |- IEMAEL|- 11915821 |- 4442824) |- 44872791 |- 43823541 - 41795921 |- 397134541 -1
Benefits (B) - 164 700,00 1 225 556,201 T 625401 424 672,111 497 759,321 559 205,831 609 983,261 £51544,101 695 619,191 715273581 7IB 952651 |  753520.281 774 690,341 788 052,751 739 095,041
Esxpenses (O + M +5SLDM) 2200281 203591091 198 563,491 202923,121 21532114 235 010,761 262 272,081 298 546,731 346 712,291 411544,87 | 500 444,061 24 531591 200 283,551 1051576991 1451341,711
Overall Result | 66 901281 \ 21564111 | 139 061,911 | 221743,001 | 282 438,181 | 324 135,071 | MTINT | 353 397,371 | 339 906,301 | 303728721 | 235 508,591 | 133988.591 \ 25 598511 | 26392422 \ 52 246571 |
ROI (%) | \ 0% % 25% 6% 443 47 45% 7% 2% 5% 47 - -208% -410%

Table 14 - Table with all the values considered, for the hypothetical situation, of the mammography systems over time with the SLDM method.



Life Cycle Analysis of Imaging Equipment

Period 0 2 4 3 8 10 12 14 16 18 20 22 24 26
" 247 230,00€
Present value of 11 - €| 20430296€ 168 820,43 € | 13951524€ | 11529093 € 95272,73€| 78730,34¢€ 65060,23€ | 5376369€ | 4442860¢€ 3671437 € 3033958€ | 25071,66€ 2071842 €
o 2201,28€ 2201,28€ 2930,04 € 5191,23 € 9197,45€ 1629539€ | 28871,01€ 51151,60€ | 90626,76€ | 16056605€ | 284479,50€ | 50402052€ | 892 987,69€ | 1582 132,02€
Present value of O - £ 181906 € 2000,87 € 292948 € 4289,05€ 6279,60€ 919397 € 13460,89€ | 1970808€ | 2885461¢€ 4224603 € 61852,41€ | 9055811€| 132586,13€
Accumulated O amounts spent 65021,40€ 967589 € 1502643€ | 22860,16€ 3432952€ | 51121.80€ 75707,39€ | 11170314€ | 16440453 € | 24156463€ | 35453474€ | 51993427€| 76209571€
M - €| 3906720€
Present value of M - € - € 26 678,37 € 2204615€ | 1821823€ 15054,96€ | 12 440,94 € 10 280,80 € 849572€| 702059¢€ 5801,59 € 4794,25€ 3961,81€ 327392€
Accumulated M amounts spent - €| 39067,20€ 9509316 € | 141391,23€ | 179650,47€ | 211266,68€ | 237393,30€| 258983,51€ | 276824,96€ | 29156857€ | 303752,22€ | 313820,39€ | 322140,41€| 32901581€
B 82 530,00 € - £ - € - € - £ - £ - £ - € - £ - £ - € - £ - £ - £
Present value of B - €| 6B10555€ 50 159,00 € 4144979€ | 35407,37€ 2925952€ | 24179,13€ 19980,86€ | 1651154€ | 1364461¢€ 1127547 € 9317,69¢€ 769984 € 6362,90€
Accumulated B amounts spent 225 555,20 € 337 625,40€ | 424672,11€ | 407759,32€ | 55020583€| 600083,26€ | 651044,10€ | 686610,10€ | 71527358€ | 738052,65€ | 758520,28€ | 774600,34€ | 788052,76€
EDM - €| 1565432€ 991,21 € 62,76 € 3,97€ 0,25¢€ 0,02¢€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00€ 0,00€
Present value of EDM - €| 1293623€ 676,88 € 3542 € 1,85€ 0,10€ 0,01€ 0,00€ 0,00€ 000€ 000€ 000€ 0,00€ 0,00€
Benefits (B) - 164700,00€ | 22555520€ 337 62540€ | 42467211€ | 497759,32€ | 55920583€| 609983,26€ | 651944,10€ | 686619,19€ | 715273,58€ | 738952,65€ | 758520,28€ | 774690,34€ | 788052,76€
Expenses (0 + M + EDM) 2201,28€ | 58024,83€ 10544594 € | 156453,08€ | 202512,48€ | 24550520€ | 28851511€ | 334600,00€ | 388528,11€ | 455073,10€ | 545316,85€ | 66835513€ | B42074,67€ | 1001111,52¢€
Overall Result | 166901,23€| 167 530,37€| 232 179,45c| 253219,03c| 295 24s,s4c| 313 609,54€| 321 453,15€‘ 317 253,20c| 293091,09€| 259300,4se| 193 sss,aoc| 9016515 € | 67 384,33 € |— 303 oss,?se|

Table 15 - Table with all the values considered, for the hypothetical situation, of the mammography systems over time with the EDM method.
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Period 0 2 4 6 8 10 12 14 16 18 20 2 b 2%
n 247 230,00 €
Presentvalue of Il - € 204 302,96 € 168829,43€ | 13951524¢€ 115 290,93 € 95 272,73 € 7873034 € 65060,23 € 53763,60€ |  4442860€ 3671437 3033958 € 2507166 € Ww71842¢€
© 2201,28€ 2201,28¢€ 2930,04€ 519123€ 919745€ 1629539 € 2887101 € 5115L60€ 9062676€ | 160 56605€ 28447950€ |  504020,52€ 89298760€ | 158213202€
Present value of 0 - € 181906 € 200087 € 292948¢ 4289,05¢€ 6279,60€ 9193,97€ 13460,89€ 19 708,08 € 28854,61€ 4224603 € 6185241 € 9055811 |  132586,13€
Accumulated O amounts spent §021,40€ 9675,89€ | 1502643 € 22 860,16 € 3432952€ 51121,80€ 75707,39€ 11705,14€ | 16440453€ W156463€ |  35453474€ 51993427€ |  76200571€
M - € 30 067,20 €
Present value of M - £ - £ B67837E | 22D4E1SE 1821823 € 1505496 € 1244p94€ 10280,80€ 849572€ 702059 € 580159 € 479425¢ 396181 327392€
Accumulated M amounts spent - € 39 067,20 € 9509316€ | 14139123 € 179.650,47 € 211 266,68 € 237393,30€ 258 983,51 € 27682496 |  29156857€ 30375222€| 31382039 € 32214041€ |  32901581€
B 82530,00€ - € - £ - € - £ - € - £ - € - £ - € - € - £ - £ - £
Present value of B - € 6810555 € 5015900€ | 4144079¢€ 35407,37€ 2025952¢€ 2417913 € 1998086 € 1651154 € 1364461 1127547€ 9317,69¢ 760984 € 6362,90€
Accumulated B amounts spent 225555,20€ 337625,40€ | 42467211 49775932€ | 550 20583€ 600 983,26 € 651 944,10€ 686610,10€ | 71527358€|  73B95265€ |  75852028¢€ TI469034€ | 78805276 €
SDM - € 153 832,38 € B241067€|  3296487¢€ 549498€ 1L00€ 1648293 € 5494D,78°€ 115374,53€ | 197 784,20€ 302169,78€ |  42853L,27¢€ STG8EB36E | 74717993 €
Present value of SOM - € 127122,15¢€ 5627693€ |  1860252¢€ 256248 € 039€ 5248,09€ 1445805 € 25 089,84 € 3554201 € 4487300 € 5258852 € 58 500,57 £ 62 615,32€
Benefits (B) - 164700,00€ 225555,20€ 337625,40€ | 424672,11¢€ 49775932€ | 55020583 € 609 983,26 € 651944,10€ 686610,10€ | 715273,58€ |  73B95265€ |  75B5028¢€ TIAE9034€ |  78BOS2,76€
Expenses (0 + M +SDM) 2201,28€ 172210,76 161045,99€ | 175020,18€ 205073,10€ 245 506,58 € 203 764,09 € 349 148,93 € 41361795€ |  49151602€ |  590183,84€|  720043p4¢ 90057504€ | 115372684€
Overall Result |— 166 901,28€ | 5334444€ | 176579,41€ ‘ 24965193 € | 292 686,22 € ‘ 313 609,25€ | 316219,17¢€ | 302795,17¢€ | 273 00L,25€ | 23757,57¢€ | 148 762,72 € | 3757664 € |— 12588470 € | 365 674,08 € |

Table 16 - Table with all the values considered, for the hypothetical situation, of the mammography systems over time with the SDM method.



LCI — X-Ray — tables

Life Cycle Analysis of Imaging Equipment

Period 1] 2 4 B 8 Lt 2 4 1B L 20
[} 151230,001
Present value of II | 125021211 03313531 85 375,001 FOES1LI6] 583221 43178271 3332331 3230017 1 2717 EL 22 467,001
o 37 274,921 37 274931 43615.281 87 904,821 155 743,501 275 938,251 483 832,421 BEEIEV.091| 1534 E13201 | 2798441 4817 186751
Present value of O E | 30802811 33881481 49 605,881 T2R27 AT 106 334 611 155 634,50 227 337 BB 333723551 433 604,65 | 715 366,071
Accurnulated O arnounts spert 101 362,431 163845141 254 447 E11 387 098,691 581313.151 BB EEZ521| 1281373451 18B06531| 27333674 4090 434,451
M -1 22104,001
Present value of b -1 1 1503447 1 12 473531 0307771 513,011 FO39.01 5816821 4 806,33 | 3372211 3282511
Accurnul ated M arnounts spent -1 22104001 53803171 79938,351 01 645,211 13 533.451 134 315,781 146 531,401 156 625,991 164 967,84 | 171861.281
B 278700,00 1 1 -1 1 -1 -1 -1 1 - - 1
Present value of B -1 151 862,831 125 434 6211 03 704,741 85 E33.231 F0818.311 53521.391 43 360,701 33963731 33024751 27 290601
Accurnulated B amounts spert 537 013,951 BE0 565,131 1078 350,551 1268321.391 | 1407 043541 1523942771 1631502761 | 1715428681 | 1784732381 1842 094,051
Cash Flow 121060,07 1 7B 518,67 1 41625271 2762541 |- 44034311 |- 04201530 |- 185333731 |- 23856665] |- 4595521 |- 631357331 |
SLDM -1 121032,201 30 774,400 E0BIEED] 30258.801 10071 |- 30266800 (- BOBMEON|- 907724001 (- 1210302010 |- 151288,001 |-
Present value of SLOM E | 00 017,141 £1333,291 34 180,341 LR 0331 |- FEI5ETN |- |EAE21- 19739V (- 21743807 |- 22466711 |-
Benefits [B) 126 810,001 537 013,951 BE0 565,131 1078 350,551 1268321.391 | 1407 043541 1523942771 1631502761 | 1715428681 | 1784732381 1842 094,051
Ezpenses [0 = M - SLDM] 37 274,931 224 083561 273636701 365 596,301 50z 854,511 700 847.021 990343031 1412585021 2028392831 | 2927134791 4233883.021
Overall Result 83 535,071 | 372 936,391 | BE0928.491 | 705 754,241 | 755 466,881 | 706 196,531 | H39 599,741 | 218917731 | 312 964,151 | 1142 352,411 | 2397 734,971 |
ROI [24) | 25274 36472 43132 4483 4067 29032 FEEA =281 5305 16612

Table 17 - Table with all the X-ray values considered over time with the SLDM method.
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Period 0 2 a4 5 8 10 12 14 16 18 21 22
1 151 290,00 €

Present value of 11 - € 125021,21€ | 103313,53€ 85 375,00 € 7055116 € 5830122 € 4817827 € 39812,98 € 32900,17 € 27 187,65 € 2042358 € 18 566,01 €
o 3727493 € 37 27493 € 4961528 € 87 904,82 € 155 74350 € 27593525 € 488 882,43 € 866 167,00 € 1534513,20€ | 271891844¢€ 541197845 € 8534 747,53 €
present value of O - € 30 802,81 € 3388148€ 49 605,88 € 7262797€ 106 334,61 € 155 684,50 € 22793768 € 33372355¢€ 485 604,65 € 865 592,95 € 1047 367,47 €
Accumulated O amounts spent 10196243€ | 16384514€ | 25444761€ 387 098,69 € 581313,15€ 86566252 € | 128197845¢€ 1891506,59€ | 278391674¢€ 4956 087,40 € 6003 454,87 €

M - € 22 104,00€
Present value of M - € - € 1509447 € 1247359 € 10307,77€ 851801€ 7039,01€ 5816,82 € 4 806,83 € 3972,21€ 298396 € 2712,56€
Accumulated M amounts spent - € 22 104,00 € 53 803,17 € 7999835 € 10164521 € 11953349 € 13431578 € 146531,40 € 156 625,99 € 164 967,84 € 174 845,24 € 177 557,80 €
B 278 100,00 € - € - € - e - € - € - - € - e - € - € - €
Present value of B - € 151862,88€ | 12549462€ | 10370474€ 85 698,28 € 70818,31¢€ 5852199 € 48 360,70 € 39963,73 € 33024,75 € 24 808,46 € 22 552,08 €
Accumulated B amounts spent 597 019,95€ | 86056519€ | 1078350,55€ | 1258321,39€ | 1407043,54€ 1529942,77€ | 1631502,76€ 171542868€ | 1784782,38¢ 1866902,51 € 1889 454,59 €
EDM - € 13 926,70 € 1281,99€ 118,01 € 10,86 € 1,00€ 009¢€ 001¢€ 000€ 0,00€ 000€ 0,00€
Present value of EDM - € 1150858 € 875,45 € 66,60 € 507€ 039¢€ 003¢€ 0,00¢€ 0,00€ 0,00€ 0,00€ 0,00€
Benefits (B) 126 810,00 € 53701995€ | B6056519€ | 1078350,55€ | 1258321,39€ | 140704354€ 1529942,77€ | 1631502,76€ 171542868€ | 1784782,38¢€ 1866902,51 € 1889 454,59 €
Expenses (0 + M+ EDM) 37 274,93 € 13557501€ | 218523,76€ | 33451256€ 488 748,97 € 700 847,02 € 999978,33€ | 1428509,85€ 2048132,58€ | 2948 884,58 € 5130932,64 € 6181 012,67 €
Overall Result 8953507 € | 451 44495 € | 542 041,43 € | 743 837,99 € | 76057242 € | 706 196,53 € | 520 064,44 € ‘ 202992,91 € | 33270390 € | 1164102,21€ | 326403013€ |-  429155808€

Table 18 - Table with all the X-ray values considered over time with the EDM method.



Life Cycle Analysis of Imaging Equipment

Period 0 2 3 6 8 10 12 14 16 19 20
1 151 200,00 €

Present value of Il - €| 125021,21€| 10331353¢€ 85 375,00 € 70551,16€ 58301,22€ 4817827 € 39812,98¢€ 3290017 € 2471487 € 22 467,00 €
o 3727493€ | 3727493€| 4961528€ 87904,82€ | 155743,50€ 27593525 € 488 882,43 € 866 167,09€ | 153461320€ | 3619051,84€ | 481718615¢€
Present value of O - £| 3080281€| 3388148€ 49 605,88 € 7262797 € 106 334,61 € 155 684,50 € 337 937,68 € 333 72355¢€ 50121163 € 715 366,07 €
Accumulated O amounts spent 101962,43€ | 16384514%€ | 25444761€| 38709869¢€ 581313,15€ 86566252 € | 1281978,45€ | 189150659€ | 337512837€| 409049445€

M - €| 2210400€
Present value of M - € - €| 1500447€ 12 473,50 € 10 307,77 € 851801 € 703901 € 581682 € 480683 € 361093 € 328251 €
Accumulated M amounts spent - €| 2210400€| 5380317€ 79998,35€ | 10164521€ 119533,49€ 13431578 € 146 531,40 € 156 62539 € 16857877 € 171 861,28 €
B 278 100,00 € - € - € - € - € - € - € - € - € - € - €
Present value of B - €| 151862,88€ | 12549462€ | 10370474€ 85 698,28 € 7081831 € 58521,99€ 48 360,70 € 30063,73 € 30021,08 € 27 290,60 €
Accumulated B amounts spent 597019,95€ | 86056519%€ | 1078350,55€ | 1258321,39€ | 1407043,54€ | 152994277€| 1631502,76€ | 171542868€| 1B14803,45€ | 1842094,05€
SDM - €| 9902653€£| 5776589€ 27 508,09 € 825313 € 1,00€ 2751,71€ 16 505,25 € 41261,64€ 9902653 € 123 782,91 €
Present value of SDM - €| 8183235€| 3944741€ 1552319 € 384860 € 039€ 876,28 € 434347 € 897293 € 16177,06 € 18382,12 €
Benefits (B) 126 810,00€ | S597019,95€ | 86056510€ | 1078350,55€ | 1258321,30€ | 1407043,54€ | 1520042,77€ | 1631502,76€ | 171542868€ | 1814803 45€ | 184200405€
Expenses (O + M + SDM) 37 27493€ | 205898,78€ | 25709572% | 349969,15€| 49259259€ 700847,02€ | 1000854,59€ | 143285331€| 2057 10551€ | 355988421€ | 4280737,85¢€
Overall Result 89 535,07 € | 391 121,17 € | 603 469,48 € | 72838139 € | 765 728,80 € | 706 196,53 € | 529 088,18 € | 198 649,44 £ | 341 676,83 € | 1745080,76 € |- 2438 643,80€

Table 19 - Table with all the X-ray values considered over time with the SDM method.
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LCI — X-ray: hypothetical situation in which there is an increase in maintenance value and an increase in availability - tables

Period 0 2 4 6 5 10 12 14 16 13 20
[ 151290,001
Present value of Il - 1] ws0ziEn | 10331353 85 375,001 70551161 56301221 48 178,271 33612,38) 32:300,17) 2718765 22467.00)
0 37274931 | 37274331 | 436128 57304821 | 155743501 275335251 | 480682431 | G6616T.031 | 1SME1R201 | 271858440 4517 186,15
Present value of O - 1| 30s0281 | 33881481 4360588 72627.371 MB334EN | 155684501 | 227937681 | 333V2ISSI | 483604851 715366071
fiooumulated 0 amounts spert 101962,431 | 163545,14 1 254447611 | 357055,63) 581313151 | 865662521 | 1281378451 | 1891506531 | 2783516741 4030 434,451
M - 1| 22104000
Pressnt valus of M - - 16 115,80 13 320.06 007,27 3036051 TEIBESI 2155 513303 424177 3505261
fiooumulated M amounts spert - 1| 22104001 | 54827501 52800,311 105 516,15 | 125018341 | W0803.781 | 153848361 164627,981 | 173535321 180537,15
B 275100,001 - | - | - | - | -1 -1 - | - | - | - |
Present value of B - 1| 20683LES) | TTOI1R051 10256551 | 107633840 86 350,12 73505531 B0 742821 50 195.76 | 41450.17 3427788
fiooumulated B amounts spert 712457231 | 1071336151 | 1357026301 | 1583075571 | 1769575461 | 1924240301 | 2051803571 | 2157217271 | 224432773 2315313,131
Cash Flow 6028541 | 12091878 67 330,611 24004600 |- 26480541 |- GIBISEEI |- ITIM0660) |- 266660821 |- 451366261 |- 66453345
SLDM - 1| l03z200 | 90774401 B0 516,601 30258,60) 1001 |- 30256800 |- BOSME01 |- 30772400 |- 121030200 |- 151285001
Present value of SLOM - 1| 000141 B1988.331 34 150.34 | 110671 0331 |- 9635271 |- 15324821 |- 1873ATS) |- 21749801 |- 22 466,71
Benefits (B] @ESN001 | TI2457.231 | 1071336751 | 1357026300 | 158307S.571 | 1769575461 [ 1924240301 | 2051803571 | 21S7217.271 | 2244327731 2315313.131
Expenses (0 + M+ SLDM)| 37274331 | 224083561 | 28066103 371338261 | 50712545 F06331571 | 996831031 | 1413801381 | 2036334811 | 2535702861 4245524,831
Overall Result | 89535071 | 483736TI | 790735121 | SAS626041 | 107595021 | 1063543591 | se7anaser | 631901531 | 120822461 - 613TSO0BI - 19326T771 |
ROI () | | 326 503 e ez gaz| 56| 36| x| 5322 1353

Table 20 - Table with all the values considered, for the hypothetical situation, of the X-ray over time with the SLDM method.



Life Cycle Analysis of Imaging Equipment

Period 0 2 a 6 8 10 12 14 16 18 20 22
1l 151 290,00 €
Present value of Il - £ 125 021,21 € 103 31353 € 8537500 € 7055116 € 58301,22 € 4817827 € 39812,98 € 32900,17 € 27 187,65 € 22 467,00 € 18 566,01 €
o 3727493 € 3727493 € 4961528 € 87 004,82 € 155743,50€ | 27503535€ 488 882,43 € 866167,00€ | 1534613,20€ 271801844€ | 4817186156 | 853474753€
Present value of O - € 30 802,81 € 33 881,48 € 49 605,88 € 72627,97€| 10633461€ 155 684,50 € 227 937,68 € 333 723,55€ 488 604,65 € 71536607€ | 104736747€
Accumulated O amounts spent 101 962,43 € 163 845,14 € 254 44761 € 387 098,60€ | 581313,15€ 865 662,52 € 128107845€ | 1891506,50€ 2783016,74€ | 4000404,45€ | 600345487 €
M - € 22 104,00 €
present value of M -z -z 16 118,80€ 1332006 € 11007,27¢€ 9096,05€ 751668 € §21155€ 5133,03€ 424177€ 350526€ 289664 €
Accumulated M amounts spent - € 22 104,00 € 54 827,50 € 82 800,31 € 105016,15€ | 12501834€ 14080378 € 153 848,36 € 164 627,98 € 17353592 € 180 897,15 € 186 080,24 €
B 278 100,00 € - € - € - € - € - € - € - € - € - € - € - €
Present value of 8 - € 206 831,65 € 170919,05€ 130 256,55 € 107 639,84 € 88 950,12 € 7350553 € 60 742,62 € 5018576 € 4148017 € 34277,88€ 28326,15€
Accumulated B amounts spent 712457,23€ | 107139615€ | 135702630€ | 158307557€| 176987546€ | 1092424090¢€ 2051803,57€ | 2157217,27€ 2244327,79€ | 2316313,13€| 237579951€
SDM - € 9902653 € 57 765,89 € 27508,09€ 825313 € 1,00€ 2751,71€ 16505,25 € 41261,64€ 77 020,85€ 123782,91€ 181 547,80 €
Present value of SDM - £ 81832,35€ 30447,41€ 15523,10€ 384860 € 039€ 876,28 € 434347€ 807293 € 1384107€ 18382,12€ 22379,10€
Benefits (B) 126 810,00 € 712457,23€ | 107139615€ | 135702630€ | 158307557€| 176087546€ | 102424080€ 2051803,57€ | 2157217,27€ 2248327,79€ | 2316313,13€£| 237579951€
Expenses [0 + M+ SDM) 3727433 ¢€ 205 898,78 € 258 120,04 € 352 771,11 € 496863,53€ | 70633187€| 100734258¢€ 1440170,27 € | 2065 107,50€ 297129373€ | 4289773,72€| 621271430€
Overall Result | 39535,0?c| 506 555,45c| 813 2?6,11€| 1004255,1sc| 1036212,04c| 1063 543,59c| 916393,32c| 611 633,30€| 9210977 € ‘— 72696594 € | 1973 460,59 € | 3 636914,?9€|

Table 21 - Table with all the values considered, for the hypothetical situation, of the X-ray over time with the EDM method.

101



Cristiana Sofia Pereira Afonso

Period 0 2 4 6 8 10 12 14 16 18 20
1 151 290,00 €

Presentvalue of Il - £| 125021,21€| 10331353¢ 85 375,00 € 70551,16 € 58301,22€ 4817827 € 3081298 € 32000,17 € 27 187,65€ 22 467,00 €
o 3727493 € 3727493 € 4961528 € 87 904,82 € 15574350 € 27593525€ 438 882,43 € 866167,09€ | 1534613,20€ | 2718918,44€ | 4817186,15¢€
Presentvalue of O - £ 30 802,81 € 3388148 € 49 605,88 € 7262797 € 106 334,61 € 155 684,50 € 227937,68€ | 33372355€ | 48860465€ 715 366,07 €
Accumulated O amounts spent 101962,43€ | 163 84514€ 254 447,61 € 387 098,69 € 581 313,15€ 865662,52€ | 128197845€ | 189150653€ | 2783 01674€ | 4090494,45¢€

M - £ 22104,00€
Present value of M - £ - £ 16 118,80 € 13 320,06 € 11007,27 € 9 096,05 € 7516,69€ 6211,55€ 5133,03€ 424177€ 3505,26 €
Accumulated M amounts spent - £ 22 104,00 € 5483750€ 82 800,31 € 105 916,15 € 125 018,34 € 140 803,78 € 15384836€ | 16462798€ | 17353582¢€ 180897,15€
B 278 100,00 € - £ - £ - £ - £ - £ - £ - £ - £ - £ - £
Presentvalue of B - £| 206831,65€| 170919,05¢ 130 256,55 € 107 639,84 € 88050,12€ 7350553 € 6074262 € 5019576 € 41 480,17 € 34277,88€
Accumulated B amounts spent 712457,23€| 1071396,15€ | 1357026,30€ | 158307557€| 176387546€ | 102424090€ | 205180357€ | 2157217,27€ | 224432779€ | 231631313 €
EDM - £ 13926,70 € 1281,99€ 118,01 € 10,86 € 100€ 0,09¢ 001€ 0,00€ 0,00€ 0,00€
Present value of EDM - £ 11 508,58 € 875,45 € 66,60 € 507 € 039¢€ 0,03¢€ 0,00€ 0,00€ 0,00€ 0,00€
Benefits (B) 126810,00€ | 712457,23€| 1071396,15€ | 1357026,30€ | 158307557€| 176987546€ | 192424090€ | 2051803,57€ | 2157217,27€ | 2244327,79€ | 2316313,13¢€
Expenses (O + M + EDM) 3727493 €| 13557501€| 21954809¢€ 33731452 € 49301991 € 706 331,87€ | 1006466,33€ | 1435826,80€ | 205613457 € | 2057 452,66€ | 4271391,60¢€

Overall Result | 8953507 € | 576882,23 € | 851 848,06 € | 101971178 € | 109005566 € | 1063 543,59€ | 917 774,58 € | 615976,77 € | 101 082,71 € | 71312487 € | 1955078,47 € |

Table 22 - Table with all the values considered, for the hypothetical situation, of the X-ray over time with the SDM metho
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