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EXECUTIVE SUMMARY

The objective of Work Package (WP) 6, "Internationalization and Stakeholder
Involvement,” is to leverage the support of extra-EU organizations to enhance human
resource development within the EU and beyond. To effectively manage both current
and future nuclear technologies, a highly skilled and qualified workforce is essential. WP
1 has already identified a significant shortage of personnel in the nuclear industry, a gap
that will only widen with anticipated developments.

Existing education and training (E&T) institutions within the EU are expected to struggle
to supply the necessary workforce at the required pace. Additionally, the implementation
of extra-EU technologies in various EU countries necessitates safe and competent
operation, further underscoring the need for a robust and well-trained human resource
base.

Within Task 6.1 important aspects are dealt with. Competence mapping is essential for
identifying industry needs and gaps in the Education and Training (E&T) domain,
particularly within the EU. This process helps to determine the necessary expertise
required and highlights the shortages due to a lack of specialists or adequate
infrastructure. Some regions, such as the US and Asia, are more advanced in key areas
like Small Modular Reactors (SMRs). International organizations, including OECD-NEA
with its NEST initiative, are fostering global cooperation to build competence.

Gap assessments in nuclear research and training will address gaps in nuclear E&T and
supply specialists for these the E&T activities. Several new project opportunities have
been identified within the EU, such as SMR reactor implementations in Poland and
Romania and dealing with workforce attrition in CANDU reactors.

New nuclear builds, particularly from the French perspective, require a qualified
workforce, especially for projects in non-EU countries. Advances in nuclear technologies
and synergies with other energy sources create an environment ripe for exploring new
capabilities in the nuclear sector.

The European Commission, particularly through EHRO-N and WP1 analyses, aims to
guantify future competencies needed in the nuclear industry and assess the existing
expertise pool. With the support of international organizations like OECD-NEA and JRC,
a global expertise assessment will be conducted, followed by proposed E&T actions.
This effort aligns with WP5, which supports mobility initiatives within the project.

Current deliverable addresses the identification of gaps found in WP 1 comparing them
with the EU situation. Recent activities by the European Commission, particularly
through the European Human Resources Observatory for the Nuclear Sector (EHRO-
N), and WP1 analysis will quantify future competencies needed in the nuclear industry
and the existing expertise pool. Supported by international organizations like OECD
Nuclear Energy Agency (OECD-NEA) and EC Joint Research Centre (JRC), a
comprehensive assessment of global expertise will be conducted, followed by proposed
targeted Education and Training (E&T) actions.
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1 INTRODUCTION

The European union is facing a real issue in ensuring the future workforce both for the
existing power plants but also for the new prospects. Ageing attrition and new
necessities brought the nuclear industry to a harsh reality: the human resource is in high
demand. The skilled and qualified human resource takes time to educate and train. The
nuclear industry needs to maintain a high standard of education and training of its human
resource in order to maintain the safe operation of nuclear installations and maintain
(and improve) the population trust in the nuclear sector. The human resource is needed
in a significant number over a short-to-medium period of time. When it comes to new
nuclear technologies, we can mention the big hype recently observed for the Small
Modular Reactors (SMRs) but also for the oversees technologies that are implemented
at the level of EU member states (e.g. the Korean APR1000 technology chosen by the
Czech Republic on July 2024).
SMR it has a great potential and a great market. SMR technologies are widely developed
today globally, and they can be split into land-based technologies or marine-based
technologies. Among the land-based technologies, even them can be split into several
types. The most common types are:

1. Water cooled SMRs
High Temperature Gas Cooled SMRs
Liquid Metal Cooled SMRs
Molten Salt SMRs and
microreactors

a e

According to Advances in Small Modular Reactor Technology Developments [1] many
of these technologies are developed outside EU:

- CAREM (CNEA, Argentina)

- ACP100 (CNNC,China)

-  CANDU SMRTM (Candu Energy Inc, Canada)

- CAP200 (SPIC/SNERDI, China)

- DHR400 (CNNC, China)

-  HAPPY200 (SPIC, China)

- NHR200-1I (Tsinghua University and CGN, China)

- TEPLATOR (UWB Pilsen & CIIRC CTU, Czech Republic)

- NUWARD (EDF, France)

- LDR-50 (VTT Technical Research Centre of Finland)

- IMR (Mitsubishi Heavy Industries, Japan)

- i-SMR (KHNP & KAERI, Republic of Korea)

- SMART (KAERI, Republic of Korea and K.A.CARE, Saudi Arabia)

- RITM-200N ( JSC “Afrikantov OKBM”, Russian Federation)

- VK-300 (NIKIET, Russian Federation)

- KARAT-45 (NIKIET, Russian Federation)

-  KARAT-100 (NIKIET, Russian Federation)

-  RUTA-70 (NIKIET, Russian Federation)

- STAR (STAR ENERGY SA, Switzerland)
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Rolls-Royce SMR (Rolls-Royce SMR Ltd, United Kingdom)

VOYGR (NuScale Power Corporation, United States of America)
BWRX-300 (GE-Hitachi Nuclear Energy, USA and Hitachi-GE Nuclear Energy,
Japan)

SMR-160 (Holtec International, United States of America)

Westinghouse SMR (Westinghouse Electric Company LLC, United States of
America)

mPower (BWX Technologies, Inc., United States of America)

OPENZ20 (Last Energy Inc., United States of America)

HTR-PM (Tsinghua University, China)

STARCORE (StarCore Nuclear, Canada, United Kingdom and United States of
America)

JIMMY (JIMMY ENERGY SAS, France)

GTHTR300 (JAEA Consortium, Japan)

GT-MHR (JSC “Afrikantov OKBM”, Russian Federation)

MHR-T Reactor (JSC “Afrikantov OKBM”, Russian Federation)

MHR-100 (JSC “Afrikantov OKBM”, Russian Federation)

AHTR-100 (Eskom Holdings SOC Ltd., South Africa)

PBMR®-400 (PBMR SOC Ltd., South Africa)

HTMR100 (STL Nuclear (Pty) Ltd., South Africa)

EM2 (General Atomics, United States of America)

FMR (General Atomics, United States of America)

Xe-100 (X-energy, LLC, United States of America)

SC-HTGR (Framatome Inc., United States of America)

PeLUIt/RDE (BRIN, Indonesia)

HTR-10 (Tsinghua University, China)

HTTR (JAEA, Japan)

BREST-OD-300 (NIKIET, Russian Federation)

ARC-100 (ARC Clean Energy, Canada)

4S (Toshiba Energy Systems & Solutions Corporation, Japan)
MicroURANUS (UNIST, Republic of Korea)

LFR-AS-200 (newcleo srl, Italy)

SVBR (JSC AKME Engineering, Russian Federation)

SEALER-55 (LeadCold, Sweden)

Westinghouse Lead Fast Reactor (Westinghouse Electric Company, USA).
IMSR400 (Terrestrial Energy Inc., Canada)

SSR-W (Moltex Energy, Canada)

smTMSR-400 (SINAP, CAS, China)

CMSR (Seaborg Technologies, Denmark)

Copenhagen Atomics Waste Burner (Copenhagen Atomics, Denmark)
FUJI (International Thorium Molten-Salt Forum, Japan)

THORIZON (THORIZON B.V., Netherlands)

SSR-U (Moltex Energy, United Kingdom)

KP-FHR (Kairos Power, United States of America)

Mk1 PB-FHR (UC Berkeley, United States of America)
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- MCSFR (Elysium Industries, USA)
- LFTR (Flibe Energy, United States of America)
- ThorCon (ThorCon International, United States of America and Indonesia)

The sixty-four types of reactors presented above include Water cooled SMRs, High
Temperature Gas Cooled SMRs, Liquid Metal Cooled SMRs and Molten Salt SMRs.
Out of the 64 technologies, only 9 (nine) are developed at the level of EU (UK not
included) given a ratio of only 14% of them being developed within EU. Statistically
speaking there is a high chance that EU countries might chose already a non-EU
developed technology (e.g NUWARD in Romania).

Several initiatives were started in order to estimate what is the actual number of persons
needed at EU level and what are the qualifications needed.

Among them, the first work package (WP) of the ENEN2plus EC funded project which
deals with finding the number of persons needed by the nuclear industry (task T1.1),
Research Safety and Waste management institutions (Task 1.2) and for the non-power
applications (Task 1.3).

Another EC funded initiative which deals with analysing the competencies needed in for
SMRs and their availability across EU is the TANDEM project. A deep analysis was
performed also in this project with respect to necessary competences to be developed
for the SMR technologies. A deep review of existing E&T offers (Annex 1) was
performed in order to assess whether or not the Educational “institutions are ready to
fulfil the demands for these types of rectors. Annex 1 should also be considered as a
starting point for the competencies that E&T institutions are able to provide today to the
nuclear industry. Several important findings were presented in that report. One of them
refers to the job categories and identified skills needed for a new NPP (see tables 1 and
2).
: Table 1. Job categories required for new NPPs as identified in EC funded TANDEM project

All technician disciplines (electrician,
welders, etc)

All engineering disciplines

Large project management & project
control disciplines (including cost control | Nuclear safety
& planning)

Operations management (procedures,

Licensing, permitting and procurement instructions, practices, etc)

Information technologies Digitisation
Waste management Chemistry
Physics

Table 2 Needed skills for construction and operation of new NPPs as identified in the EC funded
TANDEM project

Nuclear safety Problem-solving and analytical skills
Nuclear security & safeguards Organisational ability
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Licensing Excellent spoken and written
communication skills

Component performance Ability to visualise complex processes

Electrical engineering Creativity and persistence in work
activities

Civil engineering Ability to order information logically and
clearly so others can follow their lead and
instructions

Construction Accountability

Welding Teamwork

Non-Destructive Examination Questioning attitude

Project management Work Autonomy

Maintenance and inspections Adaptability

Planification and cost estimation Resilience

Mathematical and computer skills

In the table above, one can observe a multitude of skills (including soft skills) that are
necessary to run a new NPP, skills that can only be acquired from other institutions,
other than traditional nuclear engineering schools.

1.1 Overview of the Report on HR Needs in the Nuclear Industry at EU level
(ENEN2plus - WP1)

The ENENZ2plus WP1 related report analyses the needs of the industry at the level of
2035 and it was elaborated in 2023. Since the date of issue several positive prospects
appeared in the nuclear sector, including at EU level. The nuclear industry in the
EU27+UK faces significant human resources (HR) challenges and opportunities over
the next decade. Based on the analysis performed it was identified that there are two
major job categories that are needed in nuclear:
- purely nuclear where nuclear education and training is needed at the highest level
and
- nuclear related — where nuclear education and training is required at a lower
level.
New human resource perspectives arise from the need to replace retiring personnel,
expand capacities with new plants and adapt to evolving technological and safety
standards. The following basic findings could be distinguished:

Current Workforce and Retirement Challenges

- The nuclear industry employs a highly skilled workforce across various subsectors,
including plant operation, maintenance, safety, R&D and waste management.

- A significant portion of the current workforce is approaching retirement age,
necessitating substantial recruitment to maintain operational capacity. It is estimated
that between 76,000 and 95,000 purely nuclear jobs will need to be filled by 2035 to
replace retirees and sustain current operations.

Future Workforce Demand Scenarios
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- Three scenarios outline future workforce needs:
a) Baseline Scenario: Maintaining the current 109 nuclear plants requires 30,000
new recruits by 2035.
b) Moderate Growth Scenario: Expanding to 115 plants increases the demand to
40,000 recruits.
c) High Growth Scenario: Expanding to 122 plants further increases the
requirement, emphasizing the need for up to 50% of the current workforce.
- A larger number of new reactors, including small modular reactors (SMRs), are
planned to reach the 150 GW capacity by 2050, demanding even more workforce
adjustments.

New recruitments needed for operation until 2035 (EU27+UK)

As today (109 reactors)

+5.5% (115 reactors)

+12% (122 reactors)

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

Workforce needed

Figure 1: Future Workforce Demand Scenarios

- Scenario 1: 30,000 new recruits needed
- Scenario 2: 40,000 new recruits needed
- Scenario 3: 50,000 new recruits needed

Skills and Competencies in Demand

- High demand for technical roles such as project managers, process engineers,
construction engineers, and radiation protection experts.

- Increasing need for multidisciplinary skills, combining technical expertise with soft
skills like leadership, communication, and problem-solving .

- Specific nuclear-related competencies such as reactor physics, nuclear chemistry,
and decommissioning are critical.

Educational and Training Needs

- Closer collaboration between industry and educational institutions is essential to
align curricula with industry needs.

- Emphasis on lifelong learning and continuous professional development to keep
pace with technological advancements and safety standards.

- Enhanced support for scholarships, grants, and training programs to attract new
talent and upskill current workers.
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Upon the analysis performed the report provides the number of recommendations. It
stresses that to ensure the strategic planning of the workforce, it is essential to
implement National Nuclear Workforce Assessments (NWAs). These assessments will
help in mapping the current workforce, predicting future needs and identifying gaps in
skills and training. Alongside this, developing a comprehensive nuclear skills strategy at
both the national and EU levels is crucial for a coordinated approach to workforce
development.

Investment in education and training is another critical area. Strengthening partnerships
between industry and educational providers will help create tailored training programs.
Promoting nuclear careers through targeted outreach and supporting STEM education
will attract more talent to the field. Establishing mentorship and internship programs will
facilitate the transfer of knowledge from retiring experts to new recruits.

Fostering diversity and inclusion within the nuclear sector is necessary. Encouraging
greater participation of women and underrepresented groups and developing policies
and initiatives to create an inclusive work environment will promote diverse
perspectives.

Retention and professional development are also important. Creating a supportive work
environment with competitive compensation, career development opportunities, and
work-life balance initiatives will help retain employees. Implementing retention strategies
such as mentorship programs, recognition schemes and continuous learning
opportunities will further support professional development.

Lastly, promoting mobility and career flexibility is vital. Facilitating job rotation and cross-
functional training will enhance employee skillsets and career development.
Encouraging mobility within the EU will help address regional disparities in workforce
availability and demand.
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Figure 2: Key Skills and Competencies in Demand
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- High demand for project managers, engineers, and radiation protection experts.
- Growing importance of multidisciplinary skills and soft skills.

1.2 Overview of the EHRO-N Report "Results of Surveys of the Supply of and
Demand for Nuclear Experts within the EU-28 Civil Nuclear Energy Sector"

The report "Results of Surveys of the Supply of and Demand for Nuclear Experts within
the EU-28 Civil Nuclear Energy Sector," published by the European Human Resources
Observatory for the Nuclear Sector (EHRO-N), presents a comprehensive analysis of
the current state and future needs of human resources in the nuclear industry within the
EU. The report, based on surveys conducted in 2018, provides valuable insights into the
HR challenges faced by the nuclear sector and proposes strategic actions to address
these issues.

The nuclear industry plays a critical role in the EU's energy mix, contributing over 25%
of the electricity and more than 50% of low-carbon electricity. Given its importance,
ensuring a skilled workforce is crucial for maintaining safe and efficient operations. The
EHRO-N surveys aim to identify gaps in the supply and demand for nuclear experts,
thereby guiding policy and educational initiatives.

Survey Methodology and Data Collection

The surveys targeted two primary groups: higher education institutions (HEIs) and
nuclear stakeholders. The HEI survey assessed the supply side by collecting data on
nuclear engineering students, graduates, and gender distribution. In contrast, the
stakeholder survey focused on the demand side, gathering information on nuclear staff,
their educational background, age distribution, and business trends.

The methodology involved developing detailed questionnaires, distributing them via
email, and collecting responses through follow-up calls. While the response rates were
lower than previous surveys (40% from HEIls and 38% from stakeholders), the data
collected provided a robust basis for analysis.

Key Findings on HR Needs

1. Age Distribution and Retirement: A significant portion of the nuclear workforce is
approaching retirement age, particularly in the age groups 45-55 and above 55. These
categories have increased from 50% in 2010 to 56% in 2018, indicating a pressing need
to recruit and train new experts to replace the retiring workforce.

2. Gender Balance: The gender balance in nuclear experts has shown some
improvement, with 43% of nuclear experts being female. However, there is still a
disparity, especially in technical and engineering roles where female participation is
lower compared to administrative functions.

3. Nuclear Staff Categories: The distribution of nuclear staff varies across different
categories. Nuclear experts constitute around 43% of the workforce, with the remaining
being nuclearized staff (STEM professionals without formal nuclear education) and
support/administrative staff. The report highlights an increased proportion of support
staff compared to previous surveys.
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4. Sectoral Distribution: The employment distribution across sectors shows significant
changes. Utilities, which accounted for 50% of nuclear experts in 2010, now represent
only 7%. Conversely, the design, engineering, manufacturing, and maintenance sector
has grown, indicating a shift in the industry's focus areas.

5. Decommissioning Needs: The survey also highlighted the growing demand for
experts in nuclear decommissioning. While the current workforce in this area is around
7,000, it is projected to increase by 30% by 2030, reflecting the sector's evolving needs.

6. Recruitment Trends: The business situation in the nuclear sector has been relatively
stable, with 63% of stakeholders reporting stability in recent years. Recruitment has
slightly outpaced departures, indicating a positive trend in workforce growth.

Recommendations

The report emphasizes the need for strategic workforce planning to address these HR
challenges. It recommends the implementation of National Nuclear Workforce
Assessments (NWAs) to map the current workforce, predict future needs, and identify
skills gaps. Developing a comprehensive nuclear skills strategy at both national and EU
levels is essential for a coordinated approach to workforce development.

Investment in education and training is crucial. Strengthening partnerships between
industry and educational providers can create tailored training programs. Promoting
nuclear careers through targeted outreach and supporting STEM education will attract
more talent to the field. Additionally, establishing mentorship and internship programs
will facilitate knowledge transfer from retiring experts to new recruits.

Fostering diversity and inclusion is another critical area. Encouraging greater
participation of women and underrepresented groups in the nuclear sector and
developing policies to create an inclusive work environment will promote diverse
perspectives.

Retention and professional development are vital for maintaining a skilled workforce.
Creating a supportive work environment with competitive compensation, career
development opportunities, and work-life balance initiatives will help retain employees.
Implementing retention strategies such as mentorship programs, recognition schemes,
and continuous learning opportunities will further support professional development.

Promoting mobility and career flexibility is essential. Facilitating job rotation and cross-
functional training will enhance employee skillsets and career development.
Encouraging mobility within the EU will help address regional disparities in workforce
availability and demand.

1.3 Conclusion for EHRO-N "Results of Surveys of the Supply of and Demand for
Nuclear Experts within the EU-28 Civil Nuclear Energy Sector" and "HR Needs in
the Nuclear Industry"

The nuclear industry within the EU faces a critical juncture characterized by both
challenges and opportunities in managing its human resources. Both reports, "Results
of Surveys of the Supply of and Demand for Nuclear Experts within the EU-28 Civil
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Nuclear Energy Sector" and "HR Needs in the Nuclear Industry,” provide a
comprehensive overview of the current and future HR landscape, highlighting the need
for strategic action to address workforce gaps and ensure the sector's sustainability and
growth.

The nuclear sector is grappling with a significant proportion of its workforce nearing
retirement age. Both reports emphasize the pressing need to replace a large number of
retiring experts, particularly in critical roles such as nuclear engineers, scientists, and
technical staff. The age distribution data indicate an increasing need for new recrulits to
maintain operational capabilities and uphold safety standards. There is a notable gap in
specific nuclear-related skills and competencies. The demand for specialized roles such
as project managers, radiation protection experts, and multidisciplinary professionals is
high. This gap is exacerbated by the rapid technological advancements and evolving
regulatory requirements in the nuclear sector.

Despite some improvements, there remains a disparity in gender representation,
particularly in technical and engineering roles. Encouraging greater participation of
women and underrepresented groups is essential for fostering a more diverse and
inclusive workforce, which can contribute to enhanced innovation and problem-solving
capabilities. The distribution of nuclear experts across different sectors has shifted, with
an increase in roles related to design, engineering, manufacturing, and maintenance.
Conversely, there has been a decrease in the proportion of experts in utility sectors.
Additionally, the growing need for decommissioning expertise highlights a shift in the
industry's focus and future requirements.

Both reports underscore the critical role of education and training in addressing HR
needs.

Strengthening partnerships between industry and educational institutions, promoting
STEM education, and establishing mentorship and internship programs are vital for
developing a pipeline of skilled professionals. Continuous professional development and
lifelong learning are also necessary to keep pace with industry changes. Implementing
strategic workforce planning measures, such as National Nuclear Workforce
Assessments (NWAs), can help map current workforce capabilities, predict future
needs, and identify skills gaps. A coordinated approach at both national and EU levels
is essential for effective workforce development and sustainability.

To address these challenges, it is essential to develop comprehensive nuclear skills
strategies at national and EU levels, incorporating regular workforce assessments and
strategic planning to address current and future HR needs. Increasing investment in
education and training initiatives is crucial, focusing on creating tailored programs in
collaboration with industry and educational providers. Targeted outreach efforts to
attract new talent and promote careers in the nuclear sector are necessary.
Implementing policies and initiatives to encourage greater participation of women and
underrepresented groups and creating an inclusive work environment that values
diverse perspectives and promotes equality are also important.

Developing retention strategies that offer competitive compensation, career
development opportunities, and work-life balance initiatives will help retain skilled
professionals. Supporting continuous learning and professional growth is vital for
retaining talent. Facilitating job rotation and cross-functional training can enhance
employee skillsets and career development, while encouraging mobility within the EU
will help address regional disparities in workforce availability and demand.

Addressing the HR needs in the nuclear industry is paramount for maintaining the
sector's operational efficiency, safety, and growth. By implementing strategic workforce
planning, investing in education and training, fostering diversity and inclusion, and
promoting retention and mobility, the EU can build a robust and skilled workforce
capable of meeting the industry's future challenges. Collaborative efforts between
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industry, educational institutions, and policymakers are essential to achieve these goals
and ensure the sustainable development of the nuclear sector.

There is a table that provides an analytical comparison of the findings from both reports.
It highlights key aspects such as workforce aging, skills gaps, gender diversity, sectoral

shifts, educational needs and strategic planning.

Table 3 Analytical comparison HR related aspects

Aspect Findings from "HR Needs in the Nuclear Findings from "Supply and
Industry” Demand for Nuclear Experts"

Workforce Significant portion nearing retirement, need for | Aging workforce, need for new

Ageing replacement recruits to replace retirees

Skills Gaps High demand for project managers, engineers, | Notable gaps in specialized roles,
radiation protection experts multidisciplinary skills

Gender Low female participation, need for inclusive 43% female nuclear experts,

Diversity policies disparity in technical roles

Sectoral Shifts

Increased roles in design, engineering,
manufacturing; decreased in utilities

Shift from utility sectors to design
and manufacturing

skills strategy

Educational Need for strengthened partnerships, promotion | Critical role of education,

Needs of STEM, mentorship programs continuous professional
development

Strategic Implementation of National Nuclear Workforce | Need for regular workforce

Planning Assessments (NWAs), development of nuclear | assessments, coordinated

approach at EU level

2 COMPETENCE MAPPING: OVERVIEW AND METHODOLOGY

Competence mapping involves creating a detailed inventory of the skills, knowledge,
and abilities (SKAs) required for various roles within an industry. This inventory is then
used to benchmark current workforce capabilities against industry standards and future
needs. The process begins with the identification of competences, determining the
specific skills and knowledge areas critical for the nuclear industry. These competences
range from technical skills such as reactor operation and safety protocols to soft skills
like project management and communication.

Data collection follows, gathering information from various sources including surveys
and interviews with industry professionals, academic institutions, and regulatory bodies.
Additional data can be collected from job descriptions, training programs, and industry
reports. Once the necessary competences are identified, the next step is competence
assessment, which involves evaluating the current workforce's proficiency in these
areas through self-assessments, performance reviews, and skills testing.

Gap analysis is then conducted by comparing current competences with those needed
in the future to identify deficiencies. This analysis helps pinpoint areas where additional
training and development are necessary. Based on this gap analysis, a strategic plan is
developed to address the identified gaps. This plan includes specific Education and
Training (E&T) initiatives, recruitment strategies, and partnerships with educational
institutions to ensure the workforce is equipped to meet future industry demands.
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Competence mapping serves as a foundational tool for various types of analysis in the
nuclear industry. It can be used to:

Benchmarking: By comparing the competences of the current workforce against
industry standards and international benchmarks, organizations can identify strengths
and areas for improvement. This helps in maintaining competitive parity with global
leaders in the nuclear sector.

Training and Development Planning: Competence mapping highlights the specific
skills and knowledge areas that need enhancement. This information is crucial for
designing targeted training programs and professional development initiatives that
address the industry's needs.

Succession Planning: In an industry with an aging workforce, competence mapping
helps identify critical roles and the skills required for these positions. This enables
organizations to develop succession plans and ensure a smooth transition as
experienced professionals retire.

Recruitment: By identifying the competences that are currently lacking, organizations
can tailor their recruitment strategies to attract individuals with the necessary skills and
knowledge. This ensures that new hires can immediately contribute to addressing
identified gaps.

The process of competence mapping is integral to understanding the current capabilities
and future needs of the nuclear industry workforce. By identifying, collecting, and
assessing the required skills, knowledge, and abilities (SKAs), organizations can
pinpoint specific areas where development is necessary. This detailed analysis provides
a foundation for creating a structured taxonomy of competences, which categorizes
these SKAs into a coherent framework. The taxonomy not only organizes competences
into distinct categories but also facilitates targeted training and development initiatives.
By linking the insights gained from competence mapping to a well-defined taxonomy,
organizations can ensure that their workforce development efforts are both
comprehensive and strategically aligned with industry needs.

Creating a taxonomy of competences involves categorizing the identified skills and
knowledge areas into a structured framework. This taxonomy provides a clear and
organized way to understand and communicate the various competences required in
the nuclear industry. The taxonomy can be divided into several categories:
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Table 4 Taxonomy of competences

Category Competence Area Description
Technical Competences Nuclear Skills related to the design, operation, and
Engineering maintenance of nuclear reactors
Technical Competences Radiation Knowledge of radiation safety standards, monitoring,
Protection and mitigation techniques

Technical Competences

Decommissioning

Expertise in safely dismantling nuclear facilities and
managing radioactive waste

Scientific Competences

Nuclear Physics

Understanding of atomic and subatomic processes
relevant to nuclear reactions

Scientific Competences

Materials Science

Knowledge of materials used in nuclear reactors,
including their properties and behavior under
radiation

Regulatory and Safety
Competences

Regulatory
Compliance

Familiarity with national and international nuclear
regulations and standards

Regulatory and Safety
Competences

Safety Management

Skills in implementing and managing safety
protocols and emergency response procedures

Digital and Technological
Competences

Digital
Technologies

Proficiency in using digital tools and technologies
such as Al, machine learning, and big data analytics
in nuclear operations

Digital and Technological | Cybersecurity Knowledge of protecting nuclear facilities from cyber
Competences threats

Managerial and Soft Project Skills in planning, executing, and overseeing nuclear
Competences Management projects

Managerial and Soft
Competences

Communication

Ability to effectively communicate technical
information to diverse stakeholders

Multidisciplinary
Competences

Systems
Engineering

Integration of various engineering disciplines to
ensure the efficient and safe operation of nuclear
systems

Multidisciplinary
Competences

Environmental
Science

Understanding the environmental impacts of nuclear
energy and strategies for sustainable practices




Methodologies for Competence Mapping

Competence mapping is a critical process for identifying and assessing the skills,
knowledge, and abilities required within an industry to meet current and future demands.
In the nuclear industry, this process ensures that the workforce is adequately prepared
to handle the complexities and safety requirements of nuclear operations. This report
explores various methodologies for competence mapping in general, the specific
methodologies currently used in the EU, and provides concrete examples of their
utilization.

Competence mapping involves a systematic approach to understanding the current skill
set within an organization and identifying the gaps that need to be filled to meet future
operational requirements. In the nuclear industry, this is particularly crucial due to the
high stakes involved in nuclear safety, technological advancements, and regulatory
compliance. Ensuring that the workforce possesses the necessary competences not
only mitigates risks but also enhances efficiency and innovation within the sector.

There are several methodologies for competence mapping, each with its unique
approach and application. The following are some of the most widely used
methodologies:

1. Job Analysis

This methodology involves a thorough examination of job roles to determine the specific
competences required. It includes techniques such as interviews with incumbents, direct
observation, and surveys. The data collected helps in creating comprehensive job
descriptions and understanding the critical competences needed for various roles. This
method is particularly effective in identifying the nuanced requirements of highly
specialized positions within the nuclear sector.

2. Competence Frameworks

These frameworks provide a structured approach to defining competences across
different levels and types within an organization. They categorize competences into
technical, managerial, and soft skills, creating a benchmark for evaluating employee
performance and identifying development needs. Competence frameworks are widely
used in the nuclear industry to maintain high standards and ensure regulatory
compliance.

3. 360-Degree Feedback

The 360-degree feedback method gathers competence-related feedback from multiple
sources, including supervisors, peers, subordinates, and sometimes clients. This
comprehensive approach provides a well-rounded view of an individual's competences
and areas for improvement.

4. Skill Audits

Skill audits involve assessing the current skills of the workforce against the required
competences. This method typically uses self-assessment questionnaires, skills testing,
and performance reviews to identify gaps and training needs.

5. Task Analysis

Task analysis breaks down job roles into specific tasks and subtasks to determine the
competences required for each. This method is particularly useful for technical and
complex job roles, as it provides a detailed understanding of the necessary skills and
knowledge.
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Job analysis identifies necessary competences for roles
through systematic study

Competence frameworks define and categorize essential
e Skills for evaluating employee performance and
development.

360-degree feedback provides a comprehensive view of an

individual's competences from multiple sources

Skill audits assess workforce skills to identify gaps and

training needs.

Task analysis breaks down job roles to identify required
competences, especially for technical and complex roles.

Figure 3: Methodologies for competence mapping
Methodologies for Competence Mapping Used in the EU

In the European Union, several methodologies are employed for competence mapping
in the nuclear industry. These methodologies are often part of broader workforce
development strategies aimed at ensuring the safety and efficiency of nuclear
operations. The following are some of the key methodologies currently in use:

1. European Competence Framework (ECF)

The ECF is a comprehensive framework used across various sectors in the EU,
including the nuclear industry. It defines competences at different levels and provides
guidelines for assessing and developing these competences. The ECF helps in
standardizing competence requirements across the EU and facilitates mobility and
recognition of qualifications.

2. EURATOM Project Assessments

The EURATOM projects often include competence mapping as part of their workforce
development activities. These projects use a combination of job analysis, skill audits,
and task analysis to identify competence gaps and develop targeted training programs.
For example, the EURATOM FP7 project aimed at enhancing the training and education
of nuclear professionals through competence mapping and tailored curricula.

3. National Workforce Assessments

Several EU member states conduct national workforce assessments to map
competences in the nuclear sector. These assessments involve extensive data
collection through surveys, interviews, and workshops with industry stakeholders. The
results help in identifying national competence gaps and informing policy and training
initiatives.
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There are several examples of such a methodologies utilisation.

British Energy Estimation Model (BEEM)

The UK uses the British Energy Estimation Model (BEEM) to map competences in the
nuclear industry. BEEM combines job analysis and skill audits to assess the current
workforce and predict future competence needs. This model has been instrumental in
developing training programs and informing recruitment strategies in the UK nuclear
sector.

Joint Research Centre (JRC) Initiatives

The European Commission's Joint Research Centre (JRC) conducts competence
mapping as part of its research and training activities. The JRC uses task analysis and
competence frameworks to identify skill gaps and develop training modules for nuclear
professionals. For instance, the JRC's involvement in the EHRO-N project includes
competence mapping to support the development of a nuclear energy management
school.

Finnish National Competence Survey

Finland's nuclear industry conducted a national competence survey to map the skills
and knowledge of its workforce. This survey used a combination of self-assessment
guestionnaires and 360-degree feedback to gather data on competences. The findings
informed the development of national training programs and workforce policies aimed
at addressing identified gaps.

OECD-NEA NEST Initiative

The Nuclear Education, Skills and Technology (NEST) initiative by the OECD-NEA is
another example of competence mapping in practice. The NEST initiative uses job
analysis and competence frameworks to identify critical competences needed for
emerging nuclear technologies, such as SMRs. This initiative supports international
collaboration and competence building through targeted training and educational
programs.

Competence mapping is an essential process for ensuring that the nuclear industry has
the necessary skills and knowledge to operate safely and efficiently. Various
methodologies, including job analysis, competence frameworks, 360-degree feedback,
skill audits, and task analysis, provide comprehensive approaches to identifying and
addressing competence gaps. In the EU, these methodologies are applied through
frameworks like the ECF, EURATOM project assessments and national workforce
assessments. Concrete examples illustrate the practical application and benefits of
competence mapping in the nuclear industry. By leveraging these methodologies the
EU can continue to develop a skilled and competent nuclear workforce capable of
meeting future challenges.
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ANNEX 1 EXAMPLES OF CURRICULA OF EDUCATIONAL
PROGRAMS FROM VARIOUS EU COUNTRIES

Belgium-KU Leuven

Master of Nuclear Engineering (Leuven et al) (60 ECTS)
Master of Science

Admission requirements 2023-2024
Admission requirements 2022-2023
Programme

[ schedule

Stagei

Expand

This group comtains all coursaes, Students are requirad fo fake all courses offered,

Compulsory Courses

Studenis ara reguired to take all courses,

JECTS Nuclear Energy: Intraduclion HO2G2ZA
3 ECTS |Introduction to nuclear physics and measurements HO2G3A
3ECTS Radiation protection HOZH1B
6 ECTS Muclear reactor theory and expariments HOZ2G4B
S5ECTS Muclear Thermal Hydraulics HOZGSB
SECTS Safety of Nuclear Power Plants HOSZ7A
3 ECTS a| Cyele HOZGEA

3ECTS Muclear Malerals HO2G9A

Elective Courses

Students ara required to chooss three caurses from the list below,

JECTS Advanced Nuclsar Reaclor Physics and Technalagy HOS28A
3ECTS Ad i Nuclear Malerals HOS29R
JECTS Advanced Radiation Protection/ Radiation Ecology. HOS30A
JECTS Advanced Courses of the Muclear Fuel Cyele HOS31A
3ECTS Muclear and Radiclogical Risk Governance HOS32A
3ECTS Advanced Course Elective Togic HO2HZB

Master's Thesis

20 ECTS Master's Thesis HOZH3B
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Romania-Master level

Numar de credite
3)Total ore
Number of Nota Number of
Nr. Denumirea disciplinei hours Grade EC'I;?e/diL:;SECT
No. Subject
c | sipp|l Seml SZL‘?, M semi | semu
e 1stsem sem 1stsem | 2" sem
Anul | (anul universitar 2016/2017)
1st year of study (2016/2017 academic year)
1.| Analiza matematica
Mathematical analysis 28 28,-- 8 B 5 B
2.| Algebra liniara, geometrie analitica si diferentiala 28 28 - - 7 _ 4 _
Linear algebra, analytical and differential geometry 1
3.| Geometrie descriptiva si desen tehnic ) ) ) )
Descriptive geometry and technical drawing 14 28, 10 3
4.| Informatica aplicata
Applied informatics 14 -28,- 9 B 3 B
5.| Fizica (1) ) ) ) )
Physics (1) 28 ,14, 10 4
6.| Chimie ) ) ) )
Chemistry 28 14, 10 3
7.1 Tehnologia materialelor ) ) ) )
Materials technology 28 14, 10 3
8.| Limba straina 1 ) o ) )
Foreign language 1 28,-, 10 2
9.| Institutii europene si administratie europeana . _ _
European institutions and European administration 28 14, 10 3
10.| Matematici speciale
Advanced mathematics 28 28,7 ) 7 j 4
11.| Ecuatii diferentiale si statistica matematica 28 28 - - } 9 } 5
Differential equations and mathematical statistics 1
12.| Grafica asistata de calculator
Computer-aided design 14 28, B 9 B 3
13.| Fizica (2) } } } )
Physics (2) 28 14, 7 3
14.| Programarea calculatoarelor
Computer programming 14 28, B 8 B 3
15.| Comunicare profesionala o ) )
Professional communication 28 14, 9 3
16.| Mecanica ) ) ) )
Mechanics 28 14, 8 3
17.| Economie o ) )
Economics 28 14, 8 3
18.| Educatie fizica si sport (2)
Physical education and sport (2) B 28,-- B 10 B 3
Promovat cu media:¥ 8.83 Total credite: 60
Pass, average grade per academic year: ' Total ECTS / SECT credits:
Anul Il (anul universitar 2017/2018)
2nd year of study (2017/2018 academic year)
1.| Bazele electrotehnicii 1
Fundamentals of electrotechnique 1 28 14,-- 5 B 5 B
2.| Bazele termodinamicii tehnice 1
Fundamentals of technical thermodynamics 1 28 | 14,14 7 B 5 B
3.| Mecanica fluidelor 1
Fluid mechanics 1 28 -14,- 6 B 4 B
4.| Rezistenta materialelor
Strength of materials 28 42, 9 B 4 B
5.| Electronica
Electronics 28 -14,- 9 B 3 B
6.| Energetica generala o ) )
Fundamentals of energy engineering 28 14,-, 10 3
7.| Dezvoltare durabila
Sustainable development 28 14,-,- 10 B 3 B
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9Total ore Numar de credite
Number of Nota Number of
Nr. Denumirea disciplinei hours Grade ECTS/SECT
No. Subject credits
Sem | Sem Il Sem | Sem Il
¢ S,LP.Pl jstsem | 2dsem| 1%tsem | 2 sem
8.| Resurse financiare si analiza economica . _ _
Financial resources and economic analysis 14 28,, 9 3
9.| Metode numerice
Numerical methods 28 ~128,- ) 9 ) 4
10.| Bazele electrotehnicii 2 ) ) }
Fundamentals of electrotechnique 2 28 14,14, 9 4
11.| Bazele termodinamicii tehnice 2
Fundamentals of technical thermodynamics 2 28 14,-- B 6 B 4
12.| Mecanica fluidelor 2
Fluid mechanics 2 28 14,14.- B 7 B 4
13.| Transfer de caldura si masa ) ) )
Heat and mass transfer 28 28,14, 7 5
14.| Mecanisme si organe de masgini . _ _
Mechanisms and mechanical components 28 28,, 10 4
15.| Utilizarea energiei apelor
Water energy use 28 - 14,- B 10 B 3
16.| Sociologia si psihologia muncii
Sociology and labor psychology 28 BRE B 10 B 2
Promovat cu media:¥ 8.31 Total credite: 60
Pass, average grade per academic year: ' Total ECTS / SECT credits:
Anul 1l (anul universitar 2018/2019)
3 year of study (2018/2019 academic year)
1.| Masurarea marimilor electrice
Measuring electrical quantities 28 -28,- 10 B 4 B
2.| Masini si actionari electrice
Electrical machines and drive systems 28 -28,- 10 B 4 B
3.| Echipamente si instalatii termice } _ _
Thermal equipments and installations 28 14,14 9 5
4.| Echipamente electrice
Electrical equipments 28 -14,- 10 B 3 B
5.| Masini hidraulice _ _ _ _
Hydraulic machinery 28 28, 10 5
6.| Teoria reglarii automate _ _ _ _
Automatic control theory 28 14, 9 3
7.| Energia si mediul . _ _
Energy and environment 28 14, 8 3
8.| Masurarea marimilor neelectrice
Measuring non-electrical quantities 28 -28,- 9 B 3
9.| Bazele teoriei reactoarelor nucleare
Fundamentals of nuclear reactors theory 42 -128 B 10 B 5
10.| Dozimetrie si radioprotectie
Dosimetry and radiation protection 28 -14,- B 10 B 3
11.| Turbomasgini
Turbomachinery 42 14,- B 8 B 4
12.| Utilizarea energiei
Energy use 28 ,14,- - 10 - 3
13.| Producerea energiei electrice si termice _ _ _ _
Electrical and thermal power generation 28 28, 10 3
14.| Partea electrica a centralelor si statiilor 28 -28.- } 9 } 3
Electrical part of power plants and substations 1=
15.| Retele electrice } } }
Electrical grids 28 14,14 10 3
16.| Practica
Internship B -360,- B 10 - 6
Promovat cu media:¥ 950 Total credite: 60
Pass, average grade per academic year: ’ Total ECTS / SECT credits:
. T 3) < .
Nr. Denumirea disciplinei Nz(r)r:gle?roef Nota Numar de credite
No. Subject Grade Number of

hours
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ECTS /SECT
credits
Sem | Sem I Sem | Sem
c S/ LP, P 1stsem | 2"sem| 1S'sem | 2"9sem
Anul IV (anul universitar 2019/2020)
4th year of study (2019/2020 academic year)
1.| Fiabilitate
Reliability 28 -14,- 9 j 3 )
2.| Drept si legislatie in energetica
Law and legislation in energy 28 DT 10 B 3 B
3.| Centrale nuclearo-electrice . ) )
Nuclear power plants 42 =28 8 5
4. Termohidraulica instalatiilor nucleare
Thermal-hydraulic nuclear installations 42 -14,14 10 B 4 B
5.| Materiale si tehnologii nucleare ) _ _
Nuclear materials and technologies 42 28, 10 5
6.| Cinetica si dinamica reactoarelor nucleare ) ) _ _
Kinetics and dynamics of nuclear reactors 28 14, 10 4
7.| Studiu pentru elaborarea proiectului de diploma 1 } ..28 10 } 3 }
Study to elaborate the diploma project 1 1
8.| Transportul agentilor energetici _ _ _ _
Transport of technological fluids 28 14, 8 3
9.| Ingineria gi tehnologia reactoarelor nucleare . _ _
Engineering and technology of nuclear reactors 42 =128 10 6
10.| Management in energetica ) ) ) )
Management in energy 28 14, 10 3
11.| Sisteme n centralele nuclearo-electrice ) ) )
Systems in nuclear power plants 42 14,14 9 S
12.| Actionari hidropneumatice _ _ _ _
Fluid power drives 28 14, 9 3
13.| Studiu pentru elaborarea proiectului de diploma 2 } --112 } 10 } 8
Study to elaborate the diploma project 2 1
14.| Tehnologii nucleare nonenergetice . _ _
Non-energy nuclear technology 28 =128 10 S
Promovat cu media:¥ 950 Total credite: 60
Pass, average grade per academic year: ’ Total ECTS / SECT credits:




ENEN2plus - Deliverable 6.2
Page 25 /32

Italy — Politecnico di Milano (Master level)

1st Year courses
Track ENN - Energefica
Campus: Milano Bovisa
Track offered in Itabian

Act

c"'tﬂ!

55D Counrse Title

Langu

£

CALCULUS 1

Studendy e A io BOM - Grouell Sourizio

Stadeniy jorm BOM ik CES - Livreion Maties

- Studendy em CFF do F - Hochma, -'-1r|:h'.'n

wmEse | oa MATMI | Sudenss firm E i (7 - Manarins Emere
MATHNS Studenss e (FOF ko MARF .:Jm'dr

Studeniy jrm MARF s P - ."nr\:f'"

Studend’ em Pio B4Z - Ciprisni Fabio Exgpeeie (Mioweod

Studenis jorm BAT do STR - Lariarta Fedorice Ciampien

Studendy rm STR o ZEZT - Nokard Raberio

10.0

10.0

INFORMATICS B

Studenis jarm A o CAN - D¢ Mitto ERmabrie

_ | Srudemi G CAN da F - Eomioe o ddormo Dowmenico
DBI380 | A | ING-INFIS | St b b L~ T Foorics

Studend’ fem LEM iz F - Trove” Fi mw
Studend em P io S40 - Maoerst oo

Stadenis jorm SAL to ZETT - Marchesi Alberia

CHEMISTEY
Stadeniy jirrm A io BO - Camett Moz o
Studendy fvem BOM i CES - Gimmdbarody Crintan
.'gguhpm }F‘Tl._:d{ Ry l."mmll

a7 T & md farm E o G - Canals, !
(E1374 A CHIMDT .iud-uh;m-.-".l.. AR - ol Cakriells
Studensy em MARF to P - biariy Rujas fovier
Studeniy jorm P io BAZ - Pizt dndrea
Studendy em BAZ do STR - Gamazzoli Fakbio
Studendy em STR o ZIZT - Famular dnionino

METHODS OF TECHWICAL REFRESENTATION
Studendy em A io BOM - Colmbe Giorgpio
Studenis jorm BOM iz CEE - Conas Gisndomenico
Studendy jem CEF do F - Becaiiva Neccols"
37 i Studens v E o (RO7 - Cancir (o e
mElETE | B | ING-DDNS Stackeru farm G2 e MARP - Gtz farere
Studendy em MARF to P « Ferrow Fronoescs
Studensy em P io BAT - Figens” Boberio
Studend jorm BAT do 5TR - (ot Ambrogio Luig
Studend rm STR o ZEZT - Beriols Paois

CALCULUS 2

Studendy jbem A io BOM - Ca o oo

Studensy e BOM i CES - Cirrmi® Lz Criniing

- Stadeniy jorm CFS o E - (rumemuk P

052431 A -‘ﬂL!LI'I':IJ_ .iud'uhpm E i (A - Schizringer Forice Evioer orcells
MATNS Studeniy jorm (A i MARFE - Forreili Willion

Studenis' jarm MARF to P - Cateria Mawrtsio (ioveno
Studendy jem P io BAZ - Fignd Frdericn Maria (Rovens
Studendy em BAZ do 5TR - Sismeri Froncesss

Students jorm 5TR do ZIXT - Bowlla Marco Lige Claedio

[

10.0
[1.00E

10.0

FUNDAMENTALS OF EXPEFIMENTAL PHYSICS
Enuder frrm A o BOM

- T MENTALS OF ENFERMENTAL P:I'-' TERCE 11 - D Coeir Srfamn

- DEREET FUNDANWENTALS OF ENFERIMINTAL FRTENCE R - Dail Comir Sinfano

Studend fem BOM i CES

- &/ FUNDAMWENTALS OF EXFERIMENTAL FRTSCS T - 5 ili Lownevenoy

- DEREET FUNTANWENTALS OF ENFERIMENTAL FRTENCE (B - Spinelli Lorwreo

ﬁud'uh arm CEN i E
FUNDAMWENTALS OF EXFERIMENTAL

- I'.F.' ".'i.i‘ FLNDMAMENTALS OF FEXFERIMENTAL

A

FRTENCS 1} « Crupald A iserio
FHTENCE B - Reslern Mimworicdo Raliinia

FRTENCSE {1} - Frigeria Jacopo
) HTENCS (B - Frigerta Jacopo
T i MARF -
WIAMENTALS OF EXFERDMMENTA
I'.F. ".'i.i‘ F‘ INTMMENTALS OF EXFERDMENTAL
Studenss jorm MARF i P
- 1358 FUNTIMWENTALS OF ENFERMMENTAL FRTSNCS (1) - Gadeormaier Chrinoph
- L 3ET FUNIDAMVENTALS OF EXFERIMENTAL FHTENCS (B - Gadermater Chrisioph
Studesss frm Fio 47
- DA 2350 FUNTRMENTALS OF FXFERIMENTAL FRTSNCS (1) - Ferroyur Rafis! Jmer
- D257 FUNDUMENTALS OF ENFERIMENTAL FHTSNCS (B) - Candeo Aleenia

OE13E0 A FI5/01

FRTENCE T} - [ Seno Lonrs
FHTENCE B - Dd Sieno Lowra

[ FRTSNCS (T = [aelly Giowomosd
L FHTENCE (B - Chroanting Deniel

- DR, AMENTALS OF EXFERIMENTAL FRTENCE (1) - Folegest Faals
- 081387 FUNDAMENTALS OF EXFERIMENTAL F:I'-"'f.k"frﬁl Fdirgett Faoks

[

120

METALLURGY AND WON METALLIC MATERTALS
Stadeniy jorm A fo CAN - Garibold) Elvabeiiz

- . Studeniy jorm CAN to E - Barells Sivia

Q81377 B ING-INDN21 ﬁu&uﬂ;mf.lu LEM - [VErrics Fabrinio

Studeniy jorm LEM iz F - Cantrodezz Envigae Mariana

Studenis jarm P o G40 - Lech Nora Frosooca Mana

Studend bem S b0 ZITT - Bondara Marco Firgioio

[
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2nd Year courses
Track ENN - Energefica
Campus: Milano Bovisa

Track offered in Itahian

Act Langu CEU
Code 55D Conrse Title Type | Sem CFU
type age Croup |
FUNDAMENT. -’u.LE OF MECHANICS
4847 B ING-INIW13 | Studens frm 4 Tamann el barsta IT M 1 B0 B0
Stuckents form B —
MECHANICS OF SOLIDS
a434g C ICAROE Studend jorm A Fanalalf Anma Miaring IT M 1 30 B0
Siudens Brm A - Arcliio Railrs
FLUID !\EEEHA_H_EB
4848 cC ICARO] | Sdenss form 4 IT M 1 30 B0
Studend frm M
- ~ | MaTme [STATIETICS )
B | AC | sEcssm |Smpmiv s et Bl I I Qs
054058 A FIS03 gui}:Evgmﬂ:\‘E'.?zni?lm R Margheria - - e
THER. { ND HEA
QB3T3 B ING-INDW10 ﬁu&r1.tirl:::?& wcaéj:t T TRANSFER IT M X 10.0 1000
Siudens Brm M LT - Codombes L Piaire Maria
FUNDAMENTALS OF MANAGEMENT AND INDUSTRIAL
BN G]]\TEERD-C.
Suderss form 4 fo M
TNTMMENTALS OF MANAGEMENT AND I Truee
7 ING-INDVIT | ENTIAMENTALS OF MANAGEMENT ANT N 1 1
QB3IT20 c ING-DND 35 HIRAMENTALSY OF MANACEL] IT I 2 10.0 10:0
- Méragliztia
FUNTHMENTALS OF MANAGEMENT ANT - Mot
I.ﬂll.'ﬂ Flie Maria
. 1vG-DD/31 [POWER SYSTEM FUNDAMENTALS . .
7336 B ING-INDN33 :ﬁ:::? fo IT M 2 10.0 10:0
Track E3N - Ingegneria Nucleare
Campus: Milano Bovisa
Track offered in Itahan
Act Langu CEFU
Code 55D Conrse Title Type | Sem CFU
type age Group
20856 | B | ING-IND/og | HYDRAULIC AND THERMAL MACHINERY IT 10.0 100
67| 3 | avmis | RTROBUCION 10 NUELEAR ENCREERRNG A8 m 285 | oo
EADIDACTIVITY AND RADIATION PROTECTION (C.1)
W3NE | B |ING-IND/19 | Sudmefirmd o 2222 i EADETO ) - Campt Fabr IT 100 100
D386 FADKMCTIVITT (MO £ 1 - Pola deabes
72574 | B | mG-Damioe E‘;ER{*‘; g‘gﬁmﬂkﬁtﬁwﬁfh MENTAL IMPACT T 3 10.0 10.0
MAT3 - :
(R&214 A MAT0R IT 1 10.8 10,0
s ING-INIVI? MEASUREMENTS AND ELECTRONICS FOR. INDUSTRIAL . } }
w46 | B | NEDDI APPLICATONS T o I
052343 | B | mG-DaDie %ﬁ?ﬂfﬁ%}_?ﬁjwmﬂ ENGINEERING T 2 [35,3- - 50
Date: OB May 2023 00:11 pag. 5/
Ingegnernia Industnale e dell Informarione - 2022/2023
{Bachelor of Science degreedord. 270) - BV (352) Energy Enmineermg
051344 B ING-INDV12 ;‘E;:.?:E.E:\IIE‘\T L..-’LB FCIR. ENERGY ENGINEERTNG ™ 1 [BEI:iI?d'
o245 | B |NG-DIDI® | MICROGRIDS LABORATORY = 1| S0
- ING-INDN3] | Stucenss form 4 i 2777 - D Mareeberarding (ioele [3.0 a0
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1st Year courses
Track X24 - NUCLEAR ENGINEERING
Campus: Milano Bovisa
Track offered in English

Code h’;‘j{, SSD Course Title L:;f“ Type | Sem | CFU &CE'I;'P
- - -- Courses to be chosen from Group TABLE LM NUC1 - - - -- 20,0
s , 1 I ; ') . 10.0
o299 | B | o om0 |BADIATION DETECTION AND MEASUREMENT ev [ar |0 [ 89 | o
055620 | B |ING-IND1g |FISSIONREACTOR PHYSICS 1 EN | M | 2 | 100 100
54 o |RELIABILITY, SAFETY AND RISE ANALYSIS A+B T 10.0
054649 B ING-IND/19 Studdents form A to ZZZZ - Baraldi Piers EN M 2 [1.00m]
7 . SOLID STATE PHYSICS @& T
089473 C FIS/03 Students form 4 te ZZZT - Li Bassi Andrea EN M 2 10.0
5 . SOLID STATE PHYSICS ™
085838 C FIS/03 Studenss form 4 o ZZZZ - Deliasega David o M 2 10.0 10.0
ADVANCED DETECTION SYSTEMS FOR. NUCLEAR
N ING-IND/20 FCI—H:;OLD% I+0I .
037818 B.C ING-INF/01 Dsw'i-‘ IJE"}i\{‘EDDETECHO\ SYSTEMS FOR NUCLEAR TECANOLOGIES IT- Bortot EN I 2 10.0
- 037R17 ADVANCED DETECTION SYSTEMS FOR NUCLEAR TECENOLOGIES [ - Fazzi diberto
/g | APPLIED RADIOCHEMISTRY A+B 10.0
057920 B ING-IND/20 Studenes form 4 to ZZZZ - Mariani Maria IT M 2 [2.0 =]
057935 | B.C EIS/03 PHYSICS OF NUCLEAR MATERIALS + NUCLEAR TECHNIQUES o™ M N 10.0
STl 5 11e |FOR THE ANALYSIS OF MATERIALS £
ING-IND/18 Students form 4 ie ZZZZ - Beghi Marco (1.0 %] 100
ARTIFICTAL INTELLIGENCE AND ADVANCED SIMULATION FOR 100
5115 mm/io | THE SAFETY, RELIABILITY AND MAINTENANCE OF ENERGY T L
033334 B ING-IND/19 SYSTEMS EN M 1 [3.0 0]
Studanrs form A o ZEET - D Maio Francesco
{a) Closad mumber subjact
(b} Closed mumber subject
2nd Year courses
Track X2B - Nuclear Plants
Campus: Milano Bovisa
Track offered in English
Code h’f; SSD Course Title L:Eg“ Type | Sem | CFU Gﬂ
/19 | NUCLEAR DESIGN AND TECHNOLOGY i 10.0
057922 B ING-IND/19 Studants form 4 19 277 - Luses Laiio EN M 1 [3.0 & 10.0
T6T5 1 |FISSION REACTOR PHYSICS IT 7 5
097675 B ING-IND/18 Studenss form 4 to ZZZZ - Giacobbo Francesca Celsa EN M 1 30
097680 | B | INGIND/I8 |t Gucstie Frandasce ceon T N [ M| 2] 5 100
535 g |EXPERIMENTAL NUCLEAR REACTOR KINETICS T 3
032584 B INGIND/19 Studenss fbrm A to ZZZZ - Lovensi Sigfime EN M ! [5 0 ]
INTERNAL CONTAMINATION + APPLIED RADIATION
097731 B ING-IND/19 Eﬂﬁﬁg}m@ IT I 2 10.0
- 97725 INTERNAL CONTAMINATION - Poria dlessandra Anfonio
- 97727 APPLIED RADIATION PROTECTION - Parta Aletsandra Antonic
ARTIFICIAT INTELLIGENCE AND ADVANCED SIMULATION FOR. 100
5315 IND/io | THE SAFETY, RELIABILITY AND MAINTENANCE OF ENERGY T -\
053354 B ING-IND/19 SYSTEMS EN M 1 [3.0 4]
Studenss jorm 4 to ZZIT - Dj Maie Francesce
;. /19 |RELIABILITY, SAFETY AND RISK ANALYSIS A+B , 10.0 100
034649 B ING-IND/19 Stugenss form 4 to ZZZZ - Baraldi Piere EN M 2 [1.0 =]
/g | APPLIED RADIOCHEMISTRY A+B 10.0
057920 B ING-IND/20 Studenss form A to ZZZZ - Mariani Maria T M 2 [2.0 =]
MULTIPHASE SYSTEMS AND TECHNOLOGIES +CFD FOR
056243 | B | INGIND/0 | Moar oy o (EERING EN | 1 | 1| 100
- I CFD FOR NUCLEAR ENGINEERING - Besagni Giorgio
- 03624] MULTIPHASE STSTEMS AND TECHNOLOGIES - Colombe Lyigi Fietro Maria
- - - Courses to be chosen from Growp IM NUC 24 - - - -
— - — Courses to be chosen from Group LM NUC 2B — - — -
- - -- Courses to be chosen from Group LM NUC 2C - - -- - 150
- - -- Courses to be chosen from Grouwp IM NUC 2D - - -- -
- - - Courses to be chosen from Group IM NUC 2E - -- - -
097721 - - }T}EEEIEFE‘PEL—KL Dacente non definito EN v 1 150 15.0
7 THESIS WORK T r 5 )
097711 - - Students form — to — - Docente nan definito EN v 2 15.0
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Track X2C - Nuclear Technologies

Campus: Milano Bovisa
Track offered in English

Act
type

55D

Course Title

Type

Sem

CFU

FU | Group

B

ING-IND/19

NUCLEAF. DESIGN AND TECHNOLOGY
Studenes form 4 to TZIT - Luz=i Lalia

10.0
[3.0 01 10.0

B

ING-IND/20

MEDICAL APPLICATIONS OF RADIATION FIELDS
Studenss jbrm 4 to ZEET - Giuiini Castigiioni Adgostes Sigfme Luigr Maria

10.0

097731

ING-IND/19

INTERNAL CONTAMINATION + APPLIED FADIATION
PROTECTION

Studenss form 4 i ZZZZ B B B i

- 097728 INTERNAL CONTAMINATION - Porta Alessandro Antonic

- 07727 APPLIED RADI4TION PROTECTION - Parra Alersandra dntonio

[E=]

100

057920

ING-IND/20

APPLIED FADIOCHEMISTEY A+B
Studenss fhrm 4 to ZZET - Mariani Mario

[E=]

10.0
[2.0=]

097731

ING-IND/19

INTERNAL CONTAMINATION + APPLIED FADIATION
PROTECTION

Studenss form A ip ZZEZ B B B i

- 097725 INTERNAL CONTAMINATION - Porta Alessandro Antonic

- (97727 APFLIED RADI4TION PROTECTION - Parra Alessandro Antonio

[E=]

100

Date: 08 May 2023 02:25

Ingegnena Industriale e dell'Informazione - 2022/2023
(Master of Science degree)(ord. 270) - BV (478) Nuclear Engineering
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037919

B.C

ING-IND/20
ING-INE/01

ADVANCED DETECTION SYSTEMS FOR NUCLEAR
TECHNOLOGIES I +1I

Studenss form A o ZZET
- 077015 ADVANCED DETECTION SYSTEMS FOR NUCLEAR TECENOLOGIES I - Bortot

Davide
- 057817 ADVANCED DETECTION SYSTEMS FOR NUCLEAR TECHNOLOGIES I - Fazzi diberto

(B

032643

BC

FIS/03
ING-INDV/18

HIGH INTENSITY LASERS FOF. NUCLEAFR. AND PHYSICAL
APPLICATIONS I+I1

Studenes form 4 o ZZZT - Zavelani Recsi Margherin

051426

ING-INDV/18

FISSION REACTOR. PHYSICS II + TRANSPORT OF RADIOACTIVE
CONTAMINANTS

Studenss thrm 4 to TZZT - Giacobbo Francesca Calsa

Courses to be chosen from Group LM NUC 24

Courses to be chosen from Group LM NUC 2B

Courses to be chosen from Group LM NUC 2C

- 150

Courses to be chosen from Group LM NUC 2D

Courses to be chosen from Group LM NUC 2E

THESIS WORK

Studenss jbrm — fo -- - Dacente nan dgffnito

THESIS WORK

Studenss fbrm — to - - Dacente nan dgffnito

130
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Track X2D - Nuclear Systems Physies

Campus: Milano Bovisa
Track offered in English

Code

Act
type

S5D

Course Tite

Type

Sem

CFU

CFU
Group

057912

B

ING-IND/19

NUCLEAR DESIGN AND TECHNOLOGY

Studenss fhrm 4 to ZZZT - Luzzi Lalio

10.0
[3.0%]

10.0

097564

B

ING-IND/20

MEDICAL APPLICATIONS OF RADIATION FIELDS
Studenrs fbrm A ro ZTIF - Giulind Castielion deoses Sgfmo Lupi Maria

100

052643

B.C

FIS/03
ING-IND/18

HIGH INTENSITY LASERS FOR. NUCLEAR AND PHYSICAL
APPLICATIONS I+IT

Studenss form A to ZZZT - Zmvelani Rozsi Margherine

10.0

097609

FIS/03

PLASMA PHYSICS HII
Studenss form 4 tp ZZZT - Passoni Matieo

097716

FIS/03

PHYSICS OE NUCLEAR MATERIALS + PHYSICS OF DISORDERED
MATERIA
Studnss fbrm _{
- (974681 PHTE }'CS‘ OF DISORDERED MATERIALS - Ossi Paolo Maria
Studanes fbrm 4 to
- 087, f.SfP.E‘T“}'CS‘ OF NUCLEAR MATERTALS - Docense nom definie

051426

ING-IND/18

FISSION REACTOF. PHYSICS IT + TRANSPORT OF RADIOACTIVE

CONTAMINANTS
Studenss form 4 tp ZZZT - Giacobboe Francesca Calsa

097621

FIS/03

STATISTICAL PHYSICS

Studenss jbrm A to ZZZF - Pigzza Roberta

Courses to be chosen from Group LM NUC 2A

Courses to be chosen from Group LM NUC 2B

Courses to be chosen from Group LM NUC 2C

Courses to be chosen from Group LM NUC 2D

Courses to be chosen from Group LM NUC JE

THESIS WORK

Studanss fbrm — to — - Davente nan definito

THESIS WORK

Stugents jbrm — to — - Dacente non dgfinito

150
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Czech Republic — Master level
Master’s Degree Program

Nuclear Engineering

Specialization Applied Physics of Ionizing Radiation 1st vear
Course code lecturer Will. sem.  sum. sem.  Cr cr
Compulsory courses:

Quantum Physics 02KFM Jizba 2+1z 7k - 3 -

Nuclear Safety 17TABE Frybortova, 4+0 zk - 5 -
Sklenka

Research Project 1, 2 16VUIIL2 Trojek 0+6z 8 kz 6 8

Advanced Experimental 17PENF Huuml - 1+3 k= - 4

Neutron Physics

Advanced Topics in Nuclear 16PPIRF Musilek, Urban 2+1z,zk - 3 -

and Radiation Physics

Instrumentation for Radiation 16MERV Priida 2+2z 7k - 4 -

Measurements

Practicum in Detection and 16PDZNMS Martinéik, Prisa 0+4 kz - 4 -

Dosimetry of Ionizing Radiation

Accelerators in Medicine and 16UMT Augsten 1+0 kz - 1 -

Technology

Monte Carlo Method in 16MCRF Kluson, Urban - 242z 7k - 4

Radiation Physics

Tonizing Radiation in the 16IZ7P Stépan, Vrba T. - 2+1z,zk - 3

Enviromment

Integral Dosimetry Methods 16IDOZ AmbroZova, - 2+0 zk - 2
Musilek

Methods of Analytical 16AMMN  Pilafova, - 2+0 kz - 2

Measurement Prisova

Excursion 16EX Thinova - ltydenz - 2

Optional courses:

Radiation Effects in Matter 16REL Pilafova 2+0 zk - 2 -

Treatment of Experimental Data 16ZED Pilafova - 2+0 zk - 2

Monte Carlo Method 18MEMC Jary, Virius 2+2z 7k 4 -

Radiation Protection 16RAO Vrba T. 4+0 zk - 4 -

Practicum i Dosimetry of 16PDIZ Stépan - 4 kz - 4

Tonizing Radiation

Digital Image Processing 01DIZO Flusser, Zitova - 2+2 7k - 4

Fundamentals of clinical 16ZKLD Cechak, - 2+0 zk - 2

dosimetry Hanusova,

Novotnv J.
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Nuclear Engineering

Specialization Applied Physics of Ionizing Radiation 2nd vear

Course cade lecturer win. sem. sum. sem. Cr cr

Compulsory courses:

Metrology of Ionizing Radiation 16MEIZ Novotny P, 2+1z,zk - 4 -
Trojek
Applications of lonizing 16APIZ1 Cechdk, Trojek  3+0 zk - 3 -
Radiation 1
Master Thesis 1, 2 16DPII12 Trojek 0+10 z 0+20z 10 20
Applications of lonizing 17APIZ2 Miglierini, - 2+1z,zk - 3
Radiation 2 Stefanik
Spectrometry in Dosimetry 165PD Cechak, 2+0 zk - 2 -
Novotny P.
Mathematical Methods and 16MMM Klusofi, Urban 0+2z - 2 -
Modelling
Medical Application of Ionizing 16 AIZM Hanusova, 2+lz,zk - 3 -
Radiation Jelinek-
Michaelidesova
Microdosimetry 16MDOZI  Jelinek- 2+0 kz - 2 -
Michaelidesova,
Pachnerova-
Brabcova
Overview of Elementary 16PFE Smolik 2+0 k= - 2 -
Particle Physics
Semuinar 2 16SEM2 Pilafova - 0+2z - 2

Optional courses:

Neutron Dosimetry 16DNEU Ploc 2+0 zk - 2 -
Clinical Dosimetry 16KLD2 Hanusova, 2+0 kz - 2 -
Novotny T.,
Trojek
Image Processing and Pattern 01ROZP2  Flusser 2+1 zk - 4 -
Recognition 2
Dosimetry of Internal Radiation  16DZAR Musilek - 2+0 zk - 2
Sources
Radiobiology 16RBIO Davidkova - 2+0 zk - 2
Introduction mto Physics of 16FSC Nikl - 2+0 zk - 2
Scinfillators and Phosphors
Design of Semiconductor 16KFD Kakona - 0+3z - 3
Detectors of Ionizing Radiation
Start-up Project 018UP Rubes 2+H0 kz - 2 -
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