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ABSTRACT
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The expansion of solar photovoltaic (PV) energy requires education systems to prepare
learners with sustainability, technical, and digital competencies aligned with changing
labour-market demand. This thesis examines that alignment in the solar PV sector in
Sweden and Colombia by comparing selected educational programmes and job postings
through a qualitative document-based comparative design, supported by LLM-assisted
deductive coding using a predefined competency framework. The findings show partial
and uneven alignment across countries and competency dimensions. Sustainability was
stronger in educational programmes, technical demand was more explicit in Colombian
job postings, and digital competencies were mainly reflected in communication, data
handling, and project management rather than advanced digital-energy skills. Structurally,
the two-systems channel solar PV competency development through distinctly organised
pathways, with different implications for cost, duration, and accessibility. The study
concludes that alignment is not a one-to-one correspondence, but a translation of

competencies across educational pathways and national energy contexts.
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1. Introduction

Solar photovoltaic employment grew from 4.9 million jobs in 2022 to 7.1 million in 2023,
accounting for 44% of the total renewable energy workforce (IRENA & ILO, 2024). This
expansion responds to the global commitments under the Paris Agreement (UNFCCC,
2015) and places pressure on education systems and labour markets. UNESCO (2017)
emphasises that meeting these demands requires education to develop sustainability

competencies aligned with the 2030 Agenda and the Sustainable Development Goals.

Although education and the market are expected to respond in accordance with the needs
of current global commitments, the reality is that each has its own pace and challenges.
Industries demand new and rapidly evolving skills, while universities face the challenge
of designing sustainability-oriented programmes that respond to these demands (Boone et
al., 2023). When this alignment is absent, industries cannot scale at the required pace,
qualified professionals struggle to find employment, and graduates leave universities with
competencies that do not match employer needs (Lucas et al., 2018). These misalignments
slow the pace of the energy transition itself, particularly in contexts where the workforce

capacity to deploy solar PV is most decisive for meeting climate commitments.

Yet closing the gap is not only a matter of producing more graduates: it also depends on
the kind of competencies they bring. While the literature has identified the competencies
demanded by the renewable energy sector, it has done so in a fragmented way. A first
strand, anchored in the Key Sustainability Competencies framework, consolidates the
environmental dimension. A second strand maps the technical competencies along the
solar PV value chain. A third strand characterizes the digital competencies increasingly
demanded across technical and engineering fields, including energy. However, no
analytical scheme integrates the three dimensions in a single coding system applicable to

the solar photovoltaic (PV) sector.

Furthermore, existing frameworks were developed mainly in European settings, which the
literature recognises as a limitation for analysis in heterogeneous contexts (Cedefop &
UNESCO-UNEVOC, 2025). Although previous studies have examined solar energy
transitions in Sweden (Kihlstrom & Aberg, 2025) and Colombia (Ruiz Lopez et al., 2020),
less attention has been paid to how competency requirements are reflected simultaneously

in educational curricula and labour market demand within the solar PV sector across



different national contexts. In this regard, Sweden and Colombia provide analytically
relevant contrasting cases, as they differ in their educational systems, labour-market
structures, levels of digitalisation, and energy-transition pathways. This study addresses

this gap through a comparative analysis of Sweden and Colombia.

In doing so, this thesis addresses a methodological gap: the absence of an integrated coding
system that articulates sustainability, technical and digital competencies and enables
comparative analysis of curricula and job postings across heterogeneous contexts such as
Sweden and Colombia. This gap has been recognised within the literature: Annelin and
Bostrom (2023) call for an adaptable and comparable assessment tool for sustainability
competencies, while Maya Ortiz (2025) points to the absence of comprehensive
frameworks articulating the dimensions of competencies demanded by today's labour
markets. Addressing these gaps matters for education institutions designing curricula, for
employers seeking qualified professionals, and for policy makers shaping the green

transition in heterogeneous contexts.

For this reason, this study focuses on the solar photovoltaic (PV) sector in Sweden and
Colombia, examining the alignment between educational provision across different
qualification levels and labour-market demand, as well as comparing how the educational
pathways leading to solar PV occupations differ in structural terms. The findings are also
bounded by the focus on two national cases, which constrains direct generalization to other
contexts. Within this scope, the study adopts a qualitative comparative document analysis
guided by a deductive coding scheme that brings together sustainability, technical and

digital competencies, as detailed in the methodology chapter.

This design also reflects the interdisciplinary scope of the LeaDS programme: the
educational dimension is addressed through the analysis of educational provision across
different qualification levels; the technical and digital dimensions shape the analytical
categories and inform the methodological approach; and sustainability frames both the
field of study and the third analytical category. The value of this framing lies in its
transversality, which justifies the intersection of fields that LeaDS promotes and that this
study brings together in a single analytical design. The background chapter that follows

develops the conceptual foundations on which this design rests.



2. Aim and Research Questions

Considering these calls, this thesis examines how sustainability, technical and digital
competencies align between educational provision across different qualification levels, and
labour-market demand in the solar PV sector of Sweden and Colombia, using an integrated
coding system that articulates these three dimensions. The study contributes both a
methodological framework and an empirical comparative analysis. To pursue this aim,

three research questions guide the research:

RQI1. What patterns of alignment and misalignment emerge between educational provision
and labour-market demand for sustainability, technical, and digital competencies in the

solar PV sector in Sweden and Colombia?

RQ2. How do the educational pathways leading to solar PV occupations differ in structural

terms between Sweden and Colombia?

RQ3. What do these alignment patterns and structural differences imply for solar PV

education and workforce preparation in Sweden and Colombia?

These questions are addressed through three specific objectives: (i) to identify patterns of
alignment and misalignment between educational provision and labour-market demand for
sustainability, technical, and digital competencies in the solar PV sector in Sweden and

Colombia;

(i1) to compare the structural characteristics of the educational pathways leading to solar

PV occupations in Sweden and Colombia;

(ii1) to discuss what these alignment patterns and structural differences imply for solar PV

education and workforce preparation in Sweden and Colombia.

Together, the aim, questions and objectives frame the analytical scope of the study, which

the following chapters develop.



3. Background

This thesis brings together three analytical dimensions, sustainability, technical, and digital
competencies, into a single coding system applied to educational programmes and labour-
market documents in the solar PV sector in Sweden and Colombia. Building this system
requires a conceptual foundation for each dimension, an understanding of the institutional
contexts in which the three operate, and a clear view of the two empirical settings under

comparison.

3.1 The conceptual foundations

This study uses competencies as its main analytical lens, but competencies are not treated
as equivalent to the broader concepts of learning, sustainability, and digitalisation.
Learning concerns processes through which understanding, capacities, and ways of acting
develop and change, while sustainability and digitalisation involve broader societal,
educational, and technological transformations. Competencies provide a more bounded
way of identifying capacities formally expressed in educational programmes and labour

documents.

Sustainability, technical, and digital are presented as separate dimensions for analytical
purposes. Bringing these dimensions together within a single framework provides a more
comprehensive basis for examining how competency profiles are reflected in educational
programmes and labour market demand. The resulting integrated framework forms the

analytical foundation for the empirical investigation presented in the following chapters.

3.1.1 Learning and competence development

Learning is understood as a dynamic and multidimensional process rather than as the
simple acquisition of predefined knowledge or skills. Alexander, Schallert and Reynolds
(2009) conceptualise learning as change that emerges through interaction and can occur
across different people, contexts, contents, and moments. Similarly Andreotti and de Souza
(2008) describe the idea of learning to unlearn, which involves critically examining
established assumptions and becoming open to alternative ways of knowing. This
perspective highlights that learning cannot be reduced to formal educational outcomes,

since it involves changes in understanding and ways of engaging with knowledge.



Competence is related to learning but is not synonymous with it. While learning refers to
the broader process through which knowledge and ways of acting develop, competence
refers more specifically to capacities that can be mobilized in tasks and contexts. In this
study, competencies are therefore understood as expected capacities that may be developed
through learning, rather than as evidence that learning itself has occurred. Educational
programme documents are consequently treated as representations of intended or formally
stated competencies, not as direct evidence of the learning processes through which those

competencies may be developed.

3.1.2 Sustainability and sustainability competencies

Sustainability is understood in this study as a broad educational and societal orientation
that extends beyond environmental protection or the acquisition of specific competencies,
it also involves questions of social well-being, values, responsibility, participation, and the
long-term consequences of present decisions. From the perspective of social sustainability,
Wolff and Ehrstrom (2020) highlight the importance of considering social transformative
dimensions within educational settings. Sustainability can therefore be understood not only
in relation to environmental challenges, but also in terms of how individuals and societies

understand, evaluate, and participate in transformations towards more sustainable futures.

Furthermore, from the perspective of sustainability education, an important concern is how
knowledge can support action in response to complex environmental and societal
problems. Boone et al. (2023) describe sustainability as a knowledge-to-action field, while
Wals and Benavot (2017) emphasise the role of education and lifelong learning in

responding to complex sustainability challenges.

Sustainability competencies, on the other hand, represent a more specific educational and
analytical expression of this broader concept. Wiek et al. (2011) define key competencies
in sustainability as “functionally linked complexes of knowledge, skills, and attitudes that
enable successful task performance and problem solving” (p.204). While Brundiers et al.
(2021) build on this conceptualisation to emphasise that sustainability competencies must
enable not only understanding, but also action in professional and real-world contexts.
Their perspective highlights the importance of implementation, intervention, collaboration,
and stakeholder engagement, reflecting the practical challenges associated with translating

sustainability knowledge into action. For their part, Redman and Wiek (2021) adopt a



synthesis perspective by reviewing sustainability competency research across multiple

frameworks and educational contexts.

Sustainability and sustainability competencies are therefore related but not
interchangeable. Sustainability provides the broader orientation and problem space, while
sustainability competencies specify capacities through which individuals may understand,
evaluate, and act in relation to sustainability challenges. In this thesis, the sustainability
competency dimension is therefore used as an analytical means of identifying how selected
sustainability- related capacities are represented in educational programmes and labour-

market demand in the solar PV sector.

3.1.3 Technical competencies: sectoral and occupational mapping

In this thesis, technical competencies are understood as functional competencies, that is,
the capacities a person needs to perform tasks specific to a given occupational area (Le
Deist & Winterton, 2005). Applied to the solar PV sector, they refer to the sector-specific
capacities required to carry out technical tasks related to solar PV deployment. The IEA
(2025) identifies these capacities with applied technical roles in the energy sector, which
include technicians, craft and trades workers, and plant and machine operators, and are
commonly associated with vocational, advanced vocational, or other energy-relevant
forms of education and training. A defining feature of technical competencies in this sector
is their regulatory and safety dimension: many energy professions require certifications
demonstrating the technical capacity to carry out specific tasks safely and in compliance
with local regulations, particularly in distributed activities such as solar PV installation

(IEA, 2025).

Technical competencies have been conceptualised differently depending on the purpose
and perspective of the source. Amalu et al. (2023) adopt an academic perspective, drawing
on literature and educational approaches to identify the knowledge and capabilities
required for workforce preparation in the solar PV sector. In contrast, IRENA and ILO
(2024) approach competencies from a sectoral and workforce-planning perspective. Rather
than focusing on individual learning outcomes, they examine where employment is
generated across the solar PV value chain and which functions are required to support
industry growth. The IEA (2025) introduces a more occupation-oriented perspective.
Instead of describing broad competency domains or value-chain functions, it identifies the

competencies associated with specific occupations emerging from the energy transition,



including solar PV installers, electrical engineers, battery technicians, and project
managers. This approach provides a more direct connection between competencies and

labour market demand.

Together, these perspectives illustrate how technical competencies can be understood at
different levels of analysis, from educational preparation to industry requirements, to
occupation-specific demands. For this reason, all three perspectives were considered in the

development of the technical competency dimension used in this study.

3.1.4 Digital and digital competencies

Digitalisation is understood in this study as a broader educational, social, and professional
transformation rather than simply as the adoption or use of digital technologies. Bagga-
Gupta (2025) frames digitalisation as part of broader transformations in knowledge,
learning, and participation, highlighting that digital mediated environments influence how
people access information, communicate, participate, and engage with knowledge. From
this perspective, technology refers to the tools and systems through which these
transformations may occur while digitalisation concerns the wider changes in practices,

relationships, and forms of participation associated with their use.

Digital competencies represent a more specific expression of the broader process. Brown
(2014) argues that, from a sustainability perspective, the challenge is “to understand the
ways that people can engage with digital space to help build rich discourses of
sustainability and to develop approaches that develop the understandings and skills needed
to do so” (p. 287). Digital competencies are therefore understood here not only as the
technical use of digital tools, but as the understandings and skills required to engage with

digital systems in ways that support sustainability-oriented work.

Digital competencies have also been examined from different analytical perspectives.
Cedefop and UNESCO-UNEVOC (2025) adopt a labour-market perspective, using online
job advertisements to identify the digital skills most frequently requested by employers in
renewable-energy occupations. In contrast, the IEA (2025) approaches digital
competencies through the broader transformation of energy systems. Rather than focusing
on specific skills, the report examines how digitalisation is reshaping occupational profiles
within the energy sector, leading to increasing demand for software engineers, data

scientists, automation specialists, and technicians responsible for digital monitoring and



control systems. Rietbergen (2026) complements these perspectives by organising digital
competencies into a broader competency area such as information management,

communication, digital work practices, and data-related capabilities.

Digital competencies capture specific capacities associated with digitalisation, but they do
not encompass the broader transformation that digitalisation represents. Digitalisation
refers to the broader transformation of educational and professional practices through
digital technologies, whereas digital competencies refer to capacities that enable
individuals to engage with these transformations. In this thesis, digital competencies are
used as an analytical means of identifying how selected aspects of digitalisation are

represented in educational programmes and labour-market demand in the solar PV sector.

Unlike sustainability and technical competencies, digital competencies remain a less
consolidated and more rapidly evolving category. However, this emerging character
strengthens their analytical relevance. The energy transition is increasingly intertwined
with digital transformation through automation, smart grids, data monitoring, Al-assisted

maintenance, and digitally mediated engineering workflows.

3.2 Solar PV competencies and the alignment challenge

The solar PV sector is being reshaped faster than education systems can respond. On the
educational side, Cook and Elliott (2025) describe green skills as a constantly shifting
target, since the competencies demanded by employers evolve faster than curricula can be
redesigned. Lucas et al. (2018) connect both sides by showing that the resulting shortage
of qualified human resources is particularly acute in developing countries, where skills-
anticipation systems are weakest. Reading the misalignment through competencies:
sustainability, technical and digital is therefore the analytical move that frames the rest of

this chapter.

Assembling these three dimensions into a coding instrument responds to a recognised need.
Research on green skills highlights that sectors such as renewable energy require a
workforce equipped with specialised skills, while also identifying a persistent gap between
educational outcomes and industry requirements (da Costa et al., 2025). For the solar PV
sector, this gap cannot be understood only as a shortage of technical training; it also
concerns how sustainability-oriented, technical, and digital competencies are combined in

education and translated into labour-market demand. Lucas et al. (2018) make this concrete



for renewable energy, arguing that training must be developed in close cooperation with
industry and adapted to incorporate digitalisation, which signals that technical and digital
preparation cannot be assessed in isolation from one another or from the sustainability

orientation the sector requires.

While the literature frequently discusses skills gaps, workforce shortages, and the need for
stronger links between education and industry, the concept of alignment is often described
rather than explicitly defined. In this study, alignment is therefore used as an analytical
concept referring to the degree of correspondence between the competency profiles
represented in educational programmes and those demanded in the labour market. This
correspondence does not imply a direct one-to-one match between education and
employment, nor does it assess whether graduates are fully prepared for specific jobs.
Rather, it examines how competencies are formally represented in educational documents
and job postings, and how these representations converge or diverge across countries and

competency dimensions.

Building on this understanding, the present study selects the competencies most relevant
to the solar PV workforce and brings them together into a single coding system. In doing
so, the study responds to the calls identified by Annelin and Bostrém (2023) and Maya

Ortiz (2025) for more integrated approaches to competency analysis.

3.3 Empirical context

This section presents the empirical context of the study by comparing Sweden and
Colombia in relation to their energy transitions, solar PV development, and educational

systems.

3.3.1 The energy transition

Sweden and Colombia occupy markedly different positions in their energy transitions.
Sweden already operates a near-zero-emissions electricity system built on hydropower,
nuclear, and wind, and pursues a legally binding net-zero target for 2045; with supply
largely decarbonized, its central task is now electrifying demand across industry and
transport (IEA, 2024a). Colombia stands at an earlier stage, where fossil fuels have
remained a significant part of the energy mix since 2000, despite the country’s

hydropower-dominated electricity matrix. In this context, the net-zero target for 2050 still



requires decarbonizing the energy matrix itself rather than electrifying an already clean
one (IEA, 2024b). The two contexts thus embody two versions of a shared challenge,
modernization in one and capacity-building in the other, while both must prepare a

workforce for a rapidly evolving solar sector.

3.3.2 Solar energy in Sweden and Colombia

The role of solar energy within each transition differs as sharply as the transitions
themselves. In Colombia, solar photovoltaics is emerging as a protagonist of
decarbonization: installed capacity is projected to rise from around 2.3 GW in 2024 to over
65 GW by 2050, when solar would account for close to 40% of total installed capacity,
driven by large-scale auctions and access programmes targeting low-income households
(IEA, 2024b). Recent policy analysis also shows that solar and wind have gained visibility
in Colombia’s electricity matrix, with solar growth becoming central to current renewable-

energy expansion and energy-community debates (Vega-Araujo et al., 2025).

In Sweden, by contrast, solar plays a complementary role within an already low-carbon
matrix dominated by hydropower, nuclear, and wind; it supplied only 2.4% of national
electricity generation in 2024 (IEA-PVPS, 2024), constrained by limited solar radiation,
particularly in the winter months when demand peaks (IEA, 2024a). Solar growth in
Sweden has been driven more by residential rooftop incentives than by utility-scale
deployment, while recent research shows that Swedish solar PV deployment is also shaped
by market formation, grid access, permitting, complementary technologies, and
coordination across actors (Bankel, 2026). The two cases therefore illustrate solar energy
at opposite functions: a central pillar of an emerging clean matrix in Colombia, and a

marginal complement to a consolidated one in Sweden.

3.3.3 The education system in Sweden and Colombia

The two education systems differ in how they structure the formation of the solar
workforce, but they can be compared because both organise their qualifications against the
International Standard Classification of Education- ISCED (UNESCO Institute for
Statistics, 2012). In both countries, basic education comprises nine compulsory grades.
Beyond this stage, educational pathways relevant to the solar PV sector span upper-
secondary education, post-secondary vocational education, undergraduate programmes,
postgraduate specialisations, master's degrees, and doctoral education. The organisation of

vocational and academic pathways can also shape how knowledge and future educational
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opportunities are distributed, as Nylund et al. (2017) show in the Swedish context. What
differs is how each system organises these pathways, the duration of qualifications, and

the relationship between vocational and higher education.

The Swedish education system is established through a set of national legal frameworks
that regulate different educational levels. Preschool, compulsory education, upper-
secondary education, and adult education are primarily governed by the Education Act
(2010:800), which defines the structure, objectives, and responsibilities of the education
system. At the post-secondary level, higher education is regulated by the Higher Education
Act (1992:1434) and the Higher Education Ordinance (1993:100), which establish the
organisation of universities and university colleges as well as the three-cycle degree
structure consisting of Bachelor’s, Master’s, and Doctoral degrees. In addition, higher
education institutions may award University Diplomas (Hogskoleexamen, ISCED 5),
which typically comprise two years of study. In parallel, Higher Vocational Education is
regulated by the Higher Vocational Education Act (2009:128) and the Higher Vocational
Education Ordinance (2009:130). This sector is specifically designed to respond to labour-

market needs through programmes developed in close collaboration with employers.

In Colombia, after the nine compulsory grades of basic education, vocational training is
structurally separated from upper-secondary education. Under the General Education Law
(Law 115 of 1994), basic education is followed by the non-compulsory upper-secondary
stage, which offers academic and technical modalities within the same secondary schools
and culminates in the award of the high-school diploma. Most vocational training,
however, is delivered outside this stage, primarily through the National Learning Service
(Servicio Nacional de Aprendizaje, SENA), which provides labour-technical and
technologist qualifications (SENA, 2024). Higher education, regulated by Law 30 of 1992,
is provided by higher education institutions and includes undergraduate and postgraduate
qualifications at the specialization, master’s, and doctoral levels (Ministerio de Educacion

Nacional [MEN], 2022).

The relationship between education and labour-market demand is also shaped by the
distinction between vocational, professional, and higher education pathways. The IEA
(2025) shows that many energy occupations depend on vocational, advanced vocational,
or tertiary education pathways, particularly for applied technical roles. Rietbergen (2026)

further highlights the need for energy curricula to respond to changing skill profiles in the
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energy transition, including operational, project-related, engineering, transversal, and
information-related skills. These perspectives support the comparison of educational levels
in this study, since solar PV-related competencies may be developed differently in upper-

secondary, vocational, bachelor, master’s, and doctoral pathways.

Access is another relevant dimension of educational comparison. From a capabilities
perspective, educational opportunity depends not only on the formal existence of
programmes, but also on whether people have real possibilities to access and benefit from
them (Nussbaum, 2003). This connects with distributive justice, since education systems
influence how opportunities, resources, and future advantages are distributed across
society (Sainz Lopez & Jacott, 2020). For this reason, programme cost, duration, modality,
and level equivalence are relevant for analysing competency alignment. A system may
formally offer solar PV-related competencies, but access to those competencies may differ
depending on whether they are located in free vocational routes, longer university

programmes, or costly postgraduate pathways.

In Colombia, the educational structure operates within a mixed education model in which
public provision coexists with a significant private sector. This is relevant for the present
study because access to educational opportunities is not distributed homogeneously across
regions or social groups. As Edwards Jr. et al. (2023) argue, inequalities in the Colombian
education system are shaped by long-standing socio-economic differences, territorial

fragmentation, and uneven state capacity.

These differences are relevant for the comparative design because the educational
pathways are not organised in identical ways across the two countries. However, ISCED
provides a common reference point for comparing qualification levels across systems. The
equivalences across qualifications and educational levels are summarized in the ISCED-

based comparison grid presented in Chapter 4.

The next chapter develops the methodological design, including the coding system used
to identify the three competency dimensions and the procedures used to make the Swedish

and Colombian materials comparable.
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4. Method
4.1 Research approach and design

This study adopts a qualitative document analysis approach to examine the alignment
between educational provision and labour-market demand in the solar PV sector.
Following Bowen (2009), document analysis is understood as a systematic procedure for
reviewing, evaluating, and interpreting documents to generate empirical knowledge and

understanding.

To strengthen the internal consistency of the document-based analysis, this study uses
multiple documentary sources. Following Bowen (2009), documents can provide
contextual information and complementary evidence for interpreting a research problem.
In this study, the comparison of educational programme documents and job postings serves
two purposes. First, it supports the development and refinement of the integrated
competency framework by allowing sustainability, technical, and digital competencies to
be identified across different types of documents. Second, it enables the comparison of
how these competencies are represented in educational provision and labour-market
demand in Sweden and Colombia. This form of triangulation is therefore understood as
documentary triangulation, not as validation of actual classroom practices, student learning

outcomes, or workplace performance.

The methodological procedure consisted of five sequential stages. First, a competency
framework was developed based on academic literature, institutional reports, and sector-
specific competency frameworks. Second, labour-market data were collected through
APIs, filtered to identify job postings related to the solar PV sector, and organised into a
structured database. Third, educational programmes were selected using the ISCED
classification system and compiled into an educational dataset. Fourth, the same
competency framework and coding scale described in section 4.4 were applied to both
datasets, resulting in two competency matrices: one for labour-market demand and one for
educational provision. Finally, a sample of the coding results from both datasets was
manually reviewed to verify consistency and accuracy, and the two matrices were
compared to analyse alignment between educational provision and labour-market demand

in the solar PV sector in Sweden and Colombia.

4.2 Competency framework

13



Competencies were selected based on their recurrence across the reviewed sources, their
relevance to workforce preparation in the solar PV sector, and their applicability to both
educational and labour-market documents. The resulting framework consists of 21
competencies organised into three dimensions: sustainability, technical, and digital
competencies. However, this study does not assess learning outcomes directly; it analyses
how competencies are represented in educational and labour-market documents. Each
competency was applied to the educational programme documents and to the job postings
using the coding scale described in Section 4.4. For readability, the framework is presented
here as a summary, but the complete framework is presented in three separate tables in

Appendices 1-3.

Table 1. Summary of the competency framework

Dimension Number (ff Competencies included Main sources
competencies
Systems thinking; futures thinking; values thinking; Wiek et al. (2011);
Sustainability 8 strategic thinking; interpersonal competency; intrapersonal Brundiers et al. (2021);
competency; implementation; integrated problem-solving Redman and Wiek (2021)
) PV dgsign and dimepsioning; PV installation; operation and Amalu et al. (2023); IRENA
Technical 7 maintenance; project development; energy storage and and ILO (2024): TEA (2025)
batteries; grid integration; electrical safety and standards ’
Communication and collaboration; information and data Cedefop and UNESCO-
Digital 6 handling; business ICT systems; project management; UNEVOC (2025); IEA
computer programming; monitoring and SCADA (2025); Rietbergen (2026)

Note. Author’s own adaptation based on the academic literature and sector-specific sources reviewed in this study.

4.3 Data collection and coding procedure

4.3.1 Job Posting Data Collection

Labour-market demand was examined through job postings collected from Sweden and
Colombia. Job posting data were retrieved on 14 May 2026 using the selected APIs. The
dataset therefore reflects the vacancies returned by the APIs at the time the searches were

conducted.

For Sweden, data were retrieved from the Swedish Public Employment Service
(Arbetsformedlingen) through the JobTech API. Duplicate postings were identified
through the API-assigned identifier and removed, resulting in 862 vacancies. For
Colombia, job postings were retrieved through the Jsearch API, which aggregates
vacancies from platforms such as LinkedIn, Indeed, and Glassdoor via Google for Jobs.

Duplicate records were removed using the job identifier, resulting in 161 unique vacancies.
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Data retrieval and preprocessing were implemented in Python. Custom scripts were used
to automate API queries, manage pagination, retrieve vacancy records, consolidate results
across multiple search terms, and perform data cleaning and deduplication procedures. The
resulting labour-market dataset provided the basis for identifying the sustainability,
technical, and digital competencies expressed in solar PV-related job postings in each

country.

4.3.2 Educational Programmes

The educational programmes were identified through purposive sampling, using the
International Standard Classification of Education (ISCED) as a common reference for
comparing qualification levels across Sweden and Colombia. Programmes were selected
according to their relevance to the solar PV sector, including renewable energy, solar
energy, energy systems, and energy engineering. The sample covered educational
pathways from upper-secondary education to doctoral studies, corresponding to ISCED

levels 3 to &.

The search was conducted in official repositories and institutional sources in each country.
In Colombia, programmes were identified through SNIES, SOFIA Plus, SENA, and
university websites. In Sweden, the search used Skolverket, the Swedish National Agency
for Higher Vocational Education (MYH), and institutional university websites. Three
inclusion criteria guided the selection: thematic relevance to solar energy, renewable
energy, or energy systems; public availability of curricular or programme-level
documentation; and representation of different qualification levels within the ISCED 3-8

range.

Where multiple programmes met the criteria within the same educational level, the
programme with the most complete and accessible documentation was selected. The final
educational dataset comprised 14 programmes and pathways across Sweden and
Colombia. Table 2 summarizes the 14 selected programmes, while Appendix 4 provides

the full programme-level information.

Table 2. Selected educational programmes related to the solar PV sector in Sweden

and Colombia.
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. Colombia .
ISCED Educational Educational Colombia Programme Sweden Educational Sweden Programme
Level Level
Level
Upper
ISCED Upper secondary (Technical Industrial Gymnasieskola, National E - och
3 Secondary / technical School) Vocational Programme energiprogrammet,
Vocational ¢ & Elteknik (REFIS / GY25)
education
1. Technology in
Post- Vocathlohnal Efficient Energy Higher Vocational l.SoIenergltfikmker
ISCED Technician / Management. . (Campus Nynédshamn)
secondary . . Education . .
5 Vocational Technologist 2. Maintenance and (Yrkeshdgskola) 2.Servicetekniker Elkraft
(SENA) Installation of Solar PV & (Asbro Kursgard)
Systems (SENA)
ISCED Bachelor No direct No direct counterpart Héeskoleinsenidrsexamen Energi- och miljteknik
6 College counterpart P & sen (Karlstads Universitet)
Energy Systems
ISCED Bachelor / U;rie;zzgsrs?grl::l;e Engineering No direct counterpart No direct counterpart
6 Professional (Universidad del P P
Degree .
Rosario)
Integrated Civilingenjorsprogrammet
ISCED Engineering No direct . A . genjorsprog
s No direct counterpart Civilingenjorsexamen i energisystem (Uppsala
7 Master’s counterpart : .
universitet / SLU)
Degree
Specialist in Solar
ISCED L Postgraduate Energy (Universidad . .
7 Specialization Specialization | Nacional de Colombia, No direct counterpart No direct counterpart
Manizales)
Master’s in Innovation
ISCED Master’s of Energy Systems Solar Energy Engineering
7 Master Degree (Universidad de los Masterprogram (Hogskolan Dalarna)
Andes)
Doctorate in
ISCED Engineering - Enf-:rgy Doctoral Education Resource.-Efﬁment Built
3 Doctoral Doctorate Systems (Universidad (Forskarniva) Environments
Nacional de Colombia, (Hogskolan Dalarna)
Medellin)

Note. Adapted from the International Standard Classification of Education (ISCED 2011) framework published by UNESCO Institute
for Statistics (2012).

Given the lack of uniformity in the availability and format of curricular documents across
institutions, information was compiled in a structured spreadsheet using publicly available
sources. The retrieval process was supported by Claude (Anthropic, 2026) and the Claude
in Chrome extension to access websites whose content was rendered through JavaScript
and was therefore not retrievable through conventional static text extraction. In these cases,
the model captured and structured the information visible on screen, while PDF and DOCX
documents were extracted directly from the original files. All retrieved information was

subsequently verified by the researcher before being incorporated into the dataset.

4.4 Competency coding and validation

Once the educational programme and job-posting datasets had been constructed, the
competency framework developed in section 4.2 was applied to both datasets through a
deductive coding procedure. The predefined sustainability, technical, and digital
competency categories were operationalized through the coding guide presented in Table

3. Following Bowen’s (2009) approach to document analysis, the documents were
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systematically reviewed and interpreted to identify evidence of the predefined competency

categories.

Table 3. Competency coding scale applied to educational programmes and job

postings.

Score | Category Definition

0 Absent The competency is not mentioned in the document.

1 Mentioned | The competency is briefly referenced or listed without further development.

2 Developed | The competency is explicitly required as a core learning outcome, taught course component, graduate
competency, or job requirement.

Note. Adapted from Bowen’s (2009) document analysis approach. Author’s own elaboration

The same 0-2 scale was applied to both datasets to enable comparison between educational
provision and labour-market demand. In the educational dataset, a competency was coded
as developed when it appeared as a core learning outcome, taught course component, or
graduate competency. In the labour-market dataset, a competency was coded as developed

when it appeared as an explicit job requirement or responsibility.

Google’s Gemini (Google, 2026) family of large language models was used to support the
codebook-driven coding process. The use of large language models for this type of analysis
is supported by Xiao et al. (2023), who show that LLMs can apply researcher-defined
categories across large document collections. To increase transparency, Gemini was
instructed to provide supporting textual evidence for each coding decision, following a

codebook-based prompting approach similar to that used by Tai et al. (2024).

Following the researcher—LLM-researcher workflow proposed by Than et al. (2025), the
coding framework was designed by the researcher, applied with LLM assistance, and
subsequently reviewed through manual verification. A stratified random sample from both
datasets was manually reviewed to assess coding consistency and verify the evidence
supporting the assigned scores. Any inconsistencies identified during this process were

corrected prior to analysis.

The coded datasets were then transformed into competency matrices: one representing the
competencies embedded within educational provision and another representing the
competencies expressed in labour-market demand. These matrices constitute the empirical
basis for the subsequent analysis of alignment between educational provision and labour-
market demand in the solar PV sector in Sweden and Colombia. Summary versions of the

coded competency matrices are provided in the appendices 5-6.
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4.5 Methodological limitations

This study has several limitations. First, the analysis is based on documents and therefore
reflects formally stated competencies rather than actual classroom practices, teaching
processes, student learning outcomes, or workplace performance. Second, the labour-
market datasets were obtained from different sources in Sweden and Colombia, which may
affect the comparability and coverage of job postings. Third, the keyword-based retrieval
strategy may not capture vacancies that refer to solar PV activities using indirect or broader
terminology. Fourth, the analysis represents a temporal snapshot of labour-market demand
and therefore does not capture changes over time. Fifth, the coding process relied on a
combination of manual and LLM-assisted coding. Although coding decisions were verified
through evidence extraction and manual review, a full inter-rater reliability assessment was
beyond the scope of this study. Finally, Al was not coded as a separate competency,
although Al-related elements may have been indirectly captured through data handling,

programming, and monitoring and SCADA.

4.6 Ethical considerations

This study follows the principles of good research practice outlined by the Swedish
Research Council (2024), including transparency, accountability, and responsible research
conduct. The analysis is based exclusively on publicly available documents, including
educational programme descriptions and publicly accessible job postings. The study does
not involve human participants, personal data, or sensitive information and therefore did

not require formal ethical approval.

4.7 The use of generative Al

Generative artificial intelligence (Al) was used as a methodological and editorial support
tool during data collection, coding, and language refinement. Claude (Anthropic) was used
to support the retrieval and structuring of educational programme information. Google’s
Gemini family (Google, 2026) of large language models was subsequently used to apply
the predefined competency framework. For each coding decision, Gemini was instructed
to provide textual evidence supporting the assigned competency scores. In addition,
generative Al tools were used to support language revision, including improvements to
clarity, grammar, academic tone, and coherence. All Al-supported outputs were reviewed

and edited by the researcher before being incorporated into the study.
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5. Results

This chapter presents the findings of the study and is organised around the first two
research questions. Section 5.1 addresses Research Question 1 by examining patterns of
alignment and misalignment between the competencies represented in educational
provision and those reflected in solar PV-related job postings in Sweden and Colombia.
Each competency dimension is presented in three steps: first, its representation in
educational programmes; second, its representation in job postings; and third, the resulting
alignment or misalignment between both datasets. Section 5.2 addresses Research
Question 2 by comparing the structural characteristics of the educational pathways
leading to solar PV occupations in the two countries, including qualification levels,
duration and access conditions. The interpretive discussion of these findings, which
addresses Research Question 3, is developed in Chapter 6. Detailed disaggregated matrices

supporting the analysis are provided in the appendices 7 to 12.

5.1 Competency alignment

5.1.1 Sustainability

Education programmes

Sustainability was the most visible competency dimension across the programmes
analysed. The main pattern is that sustainability is represented more strongly through
systems-thinking, integrated problem-solving, and implementation than through the full

set of sustainability competencies.

The country comparison shows both similarities and differences. Sweden showed higher
scores than Colombia in systems-thinking, interpersonal competency, and values-thinking,
although values-thinking was not among the strongest sustainability competencies in the
Swedish programmes. Colombia showed higher scores in implementation, strategic
thinking, and futures-thinking. In both datasets, intrapersonal competency was the weakest
sustainability competency. Futures-thinking was also relatively limited, especially in the
Swedish programmes, while in the Colombian programmes it appeared more visibly but

still not as one of the dominant competencies.
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Solar PV-related job postings

In the job-posting dataset, sustainability competencies were visible through interpersonal
competency, implementation, and integrated problem-solving. Sustainability-related
demand was stronger and more frequent in the Swedish job-posting dataset for most
competencies. This was especially visible in interpersonal competency and integrated
problem-solving. Colombia showed a slightly stronger presence of implementation, while
values-thinking was only marginally higher in Colombia and remained a relatively low
competency in both countries. The weaker competencies are also important for interpreting
the pattern. Futures-thinking, values thinking and intrapersonal competency were the least

visible sustainability competencies in labour-market demand.

Overall, the job-posting dataset suggests that sustainability-related demand is present but
limited in scope. Employers tend to express sustainability through practical and relational
workplace requirements, especially collaboration, implementation, and problem-solving,
rather than through reflective, future-oriented, or value-oriented competencies. This
pattern was stronger in Sweden overall, while Colombia showed a slightly greater

emphasis on implementation.

Sustainability alignment

The sustainability dimension showed partial alignment between educational provision and
labour-market demand. Across the comparison, implementation and integrated problem-
solving were the clearest points of correspondence between educational programmes and
job postings. This suggests that sustainability alignment was strongest around action-
oriented and problem-oriented competencies, where both datasets connected sustainability

with the capacity to translate knowledge into action and address practical problems.

However, this alignment did not extend across the full sustainability competency
framework. Intrapersonal competency, futures-thinking, and values-thinking remained
weak or less visible in the comparison, indicating that the reflective, anticipatory, and
value-oriented dimensions of sustainability were not strongly connected between

educational provision and labour-market demand.

The country-level comparison shows that the same partial alignment took different forms.
In Colombia, sustainability appeared more visibly in educational programmes than in job

postings. In Sweden, sustainability was present in both datasets, but with different
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emphases: educational programmes leaned more towards systems-oriented sustainability,

while job postings gave greater visibility to interpersonal and applied requirements.

5.1.2 Technical

Education programmes

Technical competencies were clearly present across the programmes analysed, but their
distribution varied according to programme type and national context. The strongest
pattern was the visibility of PV design and dimensioning, grid integration, and project
development. The lowest overall scores in the educational dataset were found in PV
installation, energy storage, and electrical safety and standards, each with a mean score of

0.64.

Swedish programmes had higher representation in most technical competencies. This was
especially visible in grid integration, and PV installation. Colombian programmes showed
a more selective technical profile, although project development appeared as a shared
competency between both countries. Operation and maintenance and PV design and
dimensioning were present in Colombia, but with smaller differences than the more design-

and system-oriented competencies.

Solar PV-related job postings

The technical dimension showed the strongest country contrast in the job-posting dataset,
but it also revealed one important common pattern: electrical safety and standards was the
most visible technical competency overall and the highest-scoring technical competency
in both countries. By contrast, the lowest technical scores were found in PV design and

dimensioning (0.16), energy storage (0.17), and PV installation (0.27).

Beyond this shared emphasis, the Colombian job-posting dataset was more explicitly
connected to direct solar PV technical tasks. PV installation, PV design and dimensioning,
project development, operation and maintenance, and electrical safety and standards were
more visible in Colombia than in Sweden. In Sweden, direct PV technical competencies
appeared with lower intensity overall, although technical demand was not absent.
Operation and maintenance, grid integration, electrical safety and standards, and energy
storage were still visible in the Swedish dataset, and energy storage was the only technical

competency with slightly higher representation than in Colombia.
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Technical alignment
The technical dimension showed partial and uneven alignment between educational

provision and labour-market demand. The clearest point of correspondence was project
development, which occupied a similar relative position in both educational programmes
and job postings. By contrast, electrical safety and standards showed the clearest
misalignment, since it was the only technical competency more visible in job postings than

in educational programmes.

This pattern appeared in both countries, although with some differences. In Colombia, job
postings gave greater visibility to electrical safety and standards and PV installation than
educational programmes. In Sweden, electrical safety and standards also appeared more
strongly in job postings than in educational programmes, while other technical
competencies, such as PV design and dimensioning and grid integration, were more visible
in education than in job postings. Energy storage also remained weak or less visible across

the comparison, despite being included in the technical competency framework.

5.1.3 Digital

Education programmes

Digital competencies were present across the programmes analysed, but they appeared
mainly through broad professional and transferable digital practices. The strongest pattern
was the visibility of data handling, communication and collaboration, and project
management. On the other hand, the weakest digital competencies in the educational
dataset were monitoring and SCADA (0.36), programming (0.43), and business ICT
systems (0.50).

The national comparison reveals a differentiated rather than a uniformly stronger digital
profile in either country. Colombian programmes showed higher representation in data
handling, business ICT, project management, and programming. Swedish programmes
showed higher representation in communication and collaboration, and a slightly higher
presence of monitoring and SCADA. However, monitoring and SCADA remained the
weakest digital competency overall, referenced across several qualification levels but
coded as developed in only one programme. Therefore, the results do not indicate a strong
integration of advanced digital-energy systems in either country, but rather an uneven

distribution of digital competencies across the two educational datasets.
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Solar PV-related job postings

Digital competencies were clearly visible in the job-posting dataset, but the strongest
demand was concentrated in broad professional digital practices rather than in highly
specialised energy-digital systems. Communication and collaboration, project
management, and data handling were the most visible digital competencies. The lowest

digital scores were found in monitoring and SCADA (0.27) and programming (0.41).

The results have a consistent pattern: Swedish job postings showed higher representation
across all digital competencies. This was particularly visible in communication and
collaboration, data handling, project management and business ICT. Colombian job
postings also included digital competencies, but with lower intensity across the digital
dimension. This indicates that digital labour-market demand is more pronounced in the

Swedish dataset.

Digital alignment
The digital dimension showed the strongest alignment between educational provision and

labour-market demand. In both datasets, the highest correspondence appeared around
broad digital and professional competencies, especially communication and collaboration,
data handling, and project management. The lowest-scoring area also followed the same
pattern, with monitoring and SCADA remaining weak or less visible across the

comparison.

This pattern was generally consistent in both Colombia and Sweden, although with some
differences in the relative strength of specific competencies. In Colombia, programming
was more visible in education than in job postings, while in Sweden it was more visible in
job postings than in education. However, this difference did not change the overall result:
digital alignment was strongest around general digital practices and weaker around

specialised solar PV digital competencies, such as monitoring, control, and automation.

Overall, the strongest pattern is that educational programmes tend to organise
competencies as broader formative capacities, while job postings translate them into more
immediate professional, relational, and operational requirements. In sustainability, this
appears as a difference between systems-oriented preparation and workplace-oriented
collaboration and implementation. In the technical dimension, it appears as a difference

between design, grid, and project-oriented preparation in education and safety, operation,
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and deployment-oriented demand in job postings. In the digital dimension, alignment is
strongest around broad professional digital practices, while advanced energy-digital

competencies remain less consolidated.

5.2 Structural alignment across qualification levels and pathway
structure

The comparison across qualification levels showed that educational provision and labour-
market demand were not only different in terms of competency dimensions, but also in
terms of the educational levels and pathways through which those competencies were
represented. For this reason, the analysis considered two related aspects: first, how
sustainability, technical, and digital competencies were distributed across qualification
levels; and second, how programme duration, cost, level equivalence, and type of
qualification shaped the structural conditions under which those competencies could be

accessed.

5.2.1 Competency distribution across qualification levels

The educational matrices showed that competencies were not distributed evenly across
qualification levels. Sustainability competencies were more visible in higher education
pathways, particularly at bachelor, master’s, integrated engineering master’s, and doctoral
levels. Systems-thinking and integrated problem-solving were the most consistently
represented sustainability competencies at these levels, suggesting that broader analytical
and systems-oriented approaches were more common in higher education programmes. By
contrast, upper-secondary and post-secondary vocational pathways showed a more
selective sustainability profile, with stronger attention to implementation than to futures-

thinking, values-thinking, or intrapersonal competency.

Technical competencies followed a different pattern. Design-oriented and system-oriented
competencies, such as PV design and dimensioning, grid integration, and project
development, were more visible in bachelor, master’s, and integrated engineering master’s
pathways. In contrast, operational competencies, such as PV installation, operation and
maintenance, and electrical safety and standards, appeared more clearly in vocational and
post-secondary vocational pathways. This indicates that technical competencies were
distributed according to programme purpose: higher education programmes tended to

emphasise design, planning, systems integration, and project development, while
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vocational pathways were more closely connected to applied and operational solar PV

work.

Digital competencies were present across qualification levels, but mainly through broad
professional practices rather than advanced energy-digital systems. Data handling,
communication and collaboration, and project management appeared more consistently
than programming or monitoring and SCADA. Higher education pathways showed
stronger representation of data-related and analytical digital competencies, while
vocational and post-secondary vocational pathways reflected digitalisation more through

practical tools, documentation and communication.

The job-posting data also showed that the solar PV sector does not require only one
educational profile. Operational roles were more closely associated with vocational and
applied pathways, particularly where job postings referred to installation, maintenance,
electrical safety, and project execution. Professional roles were more connected to bachelor
or professional-level preparation, especially where job postings referred to project
development, coordination, data handling, and technical support. More advanced or
specialised roles were linked to master-level or doctoral-level profiles, especially where
analytical, systems-oriented, research, or specialised technical competencies were

required.

5.2.2 Access, cost, duration and pathway structure

The comparison also showed that educational pathways were not structurally equivalent
across Sweden and Colombia. One of the clearest differences concerned how professional
and advanced preparation are sequenced. In Sweden, the integrated Civilingenjor
programme leads to a master's-level qualification (ISCED 7) within a single five-year
structure, involving one admission process and continuous enrolment. In Colombia, the
same level requires two separate qualifications: a four-year professional degree followed
by an 18-month master's programme, each with its own admission requirements and
tuition. The Swedish route is therefore both shorter in total (60 versus 66 months) and

structurally continuous, while the Colombian route is cumulative and segmented.

The two systems also differ at bachelor level: the Swedish Hogskoleingenjor is a three-
year programme, while the Colombian professional engineering degree extends over four

years and incorporates broader curricular components beyond technical specialisation.
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This suggests a shorter, more concentrated engineering route in Sweden and a longer, more
diversified formation in Colombia. The Colombian postgraduate specialization also
illustrates how structural differences affect alignment. Although it is a short programme at
ISCED level 7, it does not function as a direct equivalent to the Swedish master-level
pathways included in the sample. Rather, it operates as a focused professional deepening

route after the completion of an undergraduate degree.

Cost was another relevant structural difference. The matrices showed that several
Colombian higher education pathways, especially professional and master and doctoral-
level programmes, involved higher costs for students. In Sweden, by contrast, many
selected pathways were shorter and publicly funded or tuition-free for eligible students,
although tuition fees may apply to non-EU/EEA students. This affects how alignment
should be interpreted: even when Colombian education includes relevant solar PV-related
competencies, access to those competencies may depend on the cost and duration of the

programme.

It is important to clarify that the cost comparison reflects the selected sample and not the
full range of educational provision in each country. In Colombia, the technical and
technologist programmes included in the sample were public and tuition-free, particularly
through SENA. This sampling decision was made to prioritise official, state-supported
pathways with publicly available information. However, Colombian vocational, technical,
and higher education provision is diverse and includes private and mixed forms of
provision. Consequently, the apparent low cost of technical and technologist pathways in
the Colombian sample should not be interpreted as evidence that all comparable training

opportunities in Colombia are free or equally accessible.
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6. Discussion

The purpose of this thesis was to examine the alignment between sustainability, technical,
and digital competencies in educational provision and labour-market demand in the solar
PV sector in Sweden and Colombia, to compare the structural characteristics of the
educational pathways leading to solar PV occupations in the two countries, and to discuss
what the resulting patterns imply for solar PV education and workforce preparation. This
chapter interprets the findings related to RQ1 and RQ2 in order to address RQ3, examining
what the identified competency alignment patterns and structural differences imply for
solar PV education and workforce preparation in Sweden and Colombia. This perspective
also reflects the LeaDS pillars: learning, digitalisation, and sustainability intersect in how
competencies are organised in education, translated into labour demand, and connected to

the solar PV transition.

6.1 Alignment, context, and pathway structure

The findings show the alignment pattern between solar PV-related education and labour-
market demand cannot be understood as a simple match or mismatch. Rather, it varies
across competency dimensions and national contexts which is consistent with Lucas et al.
(2018), who identify persistent gaps between renewable energy education and industry
needs. Additionally, the results reinforce the distinction between learning and competence:
since the analysis identifies formally expressed competencies rather than actual learning
processes, alignment should not be interpreted as evidence that learners have developed
these capacities in practice. This is consistent with the view of learning as a broader process
of change and engagement that cannot be inferred solely from curriculum documents or

job requirements (Alexander et al., 2009; Andreotti & de Souza, 2008).

These differences are particularly visible when comparing Sweden and Colombia. In
Sweden, solar PV has played a complementary but growing role within an electricity
system historically dominated by low-carbon sources. This may explain why job postings
expressed solar PV demand more indirectly through wider energy-system, grid,
coordination, maintenance, and digitalised roles. This is consistent with Bankel’s (2026)
analysis of Swedish solar PV deployment as shaped by grid access, permits,
complementary technologies, and coordination across the energy system. In Colombia, by
contrast, solar and wind capacity increased from 1.5% of the electricity matrix in 2022 to

around 9% in 2024, mainly due to solar growth (Vega-Araujo et al., 2025). In this context,
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job postings gave stronger visibility to operational and technical requirements, which
resonates with Amalu et al.’s (2023) emphasis on applied solar PV skills for installation
and system deployment. Overall, the same competency framework reveals different forms
of alignment: more deployment-oriented in Colombia and more system-integrated in

Sweden.

Educational pathway structure also affects how alignment should be interpreted.
Vocational and post-secondary applied route are more closely connected to operational
profiles, where PV installation, operation and maintenance, electrical safety, technical
documentation, and basic digital tools are especially relevant. This emphasis is supported
by the IEA’s (2025) observation that applied technical workers represent a substantial
share of the energy workforce and face acute shortages. Rietbergen’s (2026) findings also
show that energy-sector demand combines operational, project-related, engineering,

transversal, and information-related skills.

Bachelor, master’s, and integrated engineering master’s programmes, by contrast, are
better positioned to develop more advanced engineering and project-related competencies.
This interpretation is supported by Amalu et al. (2023), who distinguish between the lower
skill levels expected from technicians and craftsmen and the more advanced skills expected
from engineers, including specialised technical skills and project management across
planning, design, construction, and commissioning. Doctoral education contributes less to
immediate operational demand and more to research, system transformation, and
knowledge development. This connects with Lucas et al. (2018) argument that closer links
between education, training centers, and industry are especially important in rapidly
changing renewable energy sectors and may be supported through practically oriented

curricula and sector-relevant doctoral research.

These differences matter because a competency may formally exist in the education system
without being equally accessible, equally integrated, or located at the level where the
labour market most needs it. Sweden appears to offer multiple and relatively structured
routes, from upper-secondary vocational education to higher vocational education, applied
engineering, integrated engineering, master’s, and doctoral studies. However, this should
not be read as an idealisation of the Swedish case. Nylund et al. (2017) show that the
organisation of vocational and academic pathways also shapes how knowledge, power,

and future opportunities are distributed in society. Colombia also offers relevant routes
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through education institutions, but some pathways are longer, less homogeneous, or more

costly, especially at postgraduate and doctoral levels.

The Colombian case makes the access dimension particularly visible. The more expensive
university or postgraduate programmes suggest that access to solar PV-related
competencies may also be shaped by class position and economic capacity. This connects
with Sainz Lopez and Jacott’s (2020) discussion of distributive justice as it shapes the
distribution of opportunities, wealth, and social advantages. In this sense, programme cost
is not only an individual financial issue, but a structural factor that can reinforce unequal
access to advanced competencies and, consequently, to higher-value positions within the
solar PV workforce. From a capabilities perspective, educational opportunity depends not
only on the formal existence of programmes, but also on people’s real possibilities to
access and benefit from them (Nussbaum, 2003). Therefore, alignment is not only
curricular. It is also structural: it depends on how pathways are organised, how long
qualifications take, how much they cost, and how clearly they connect to labour-market

functions and national energy-development needs.

6.2 Competency patterns across education and labour-market
demand

6.2.1 Sustainability

The clearest area of alignment was not the full sustainability competency framework, but
a narrower group of action-oriented and collaborative competencies. In labour-market
terms, sustainability became visible when it was connected to practical responsibilities,
coordination with others, project execution, and responses to concrete workplace
challenges. This helps explain the relevance of implementation, which Redman and Wiek
(2021) define not simply as “doing”, but as the capacity to put sustainability strategies into
practice, adapt them to specific contexts, transfer them across settings, and scale them
effectively. In the solar PV sector, this competency connects education and market demand
because projects require workers who can translate sustainability into installation, grid
connection, maintenance, customer interaction, and adaptation to local technical and

organisational conditions.

Closely related to implementation, integrated problem-solving also helps explain the
connection between education and labour-market demand. Brundiers et al. (2021) describe

it as a meta-competency that brings together sustainability competencies. For solar PV,
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this means that professionals need more than technical expertise. They must also
understand energy needs, regulatory conditions, project costs, user expectations, territorial
implications, and long-term effects. This broader capacity is especially relevant in a sector
where technical decisions are closely connected to social, environmental, and

infrastructural conditions.

At the same time, the weaker visibility of intrapersonal competency, futures-thinking, and
values-thinking reveals an important limitation in both countries, particularly in the job
postings. The similar pattern in Sweden and Colombia suggests that labour-market demand
emphasises immediate action and coordination more than reflective, anticipatory, and
value-oriented capacities. This matters because sustainability education also requires
future-oriented, values-oriented, and self-awareness capacities, not only technical or
implementation skills (Boone et al., 2023). The stronger emphasis on implementation and
immediate problem-solving indicates that social, reflective, and longer-term
transformative dimensions may receive less explicit attention, which resonates with Wolff
and Ehrstrom’s (2020) emphasis on the social and transformative dimensions of

sustainability in education.

Furthermore, futures-thinking refers to the ability to anticipate future states, dynamics, and
possible effects of sustainability action plans (Redman & Wiek, 2021). In the solar PV
sector, this helps professionals consider how present energy decisions may shape future
communities, landscapes, consumption patterns, and transition pathways. Values-thinking
refers to the ability to identify, negotiate, and apply sustainability values, principles, and
goals when assessing current and future interventions (Redman & Wiek, 2021). This is
relevant because solar projects can involve questions of energy justice, access,
environmental impacts, and the distribution of costs and benefits. On the other hand,
intrapersonal competency refers to the capacity to manage one’s own role, assumptions,
limitations, and self-regulation when engaging with sustainability transformations
(Redman & Wiek, 2021). More broadly, the limited presence of these reflective
competencies suggests a need to complement action-oriented training with
transformational skills such as cognitive flexibility, openness to change, and lifelong

learning (Wals & Benavot, 2017).

This partial alignment also took different country-specific forms. In Colombia,

sustainability was more visible in educational programmes than in job postings, suggesting
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a distance between the broader sustainability profile articulated in education and the more
limited sustainability requirements expressed in labour-market demand. In Sweden,
sustainability appeared in both datasets, but educational programmes were more systems-
oriented, while job postings gave greater visibility to interpersonal, applied, and problem-

solving requirements.

Overall, the sustainability alignment identified in this study is meaningful but incomplete.
Education and labour-market demand align most clearly around implementation,
collaboration, and problem-solving, which are crucial for translating solar PV into real
projects and practices. However, if sustainability competencies are expected to support
workforce preparation for the energy transition, they need to be developed more
transversally across educational pathways. This does not mean that all levels should
address sustainability in the same way, but that vocational, upper-secondary, bachelor-
level, master’s, and doctoral programmes can integrate sustainability according to their

purpose, depth, and labour-market function.

6.2.2 Technical

The technical dimension shows a partial and uneven but labour-market-driven alignment
pattern. Project development was the clearest point of correspondence between educational
provision and labour-market demand, suggesting that both programmes and employers
recognise the importance of planning, coordinating, and developing solar PV projects.
However, technical competencies were visible in educational programmes, but they
appeared more explicitly in job postings, particularly in Colombia. Colombian job postings
expressed technical demand through solar-specific tasks such as installation, operation and
maintenance, electrical safety, and PV system design and dimensioning. This suggests that,
in the Colombian case, technical alignment is strongly connected to project execution and

operational workforce needs.

The clearest mismatch concerns electrical safety and standards. One possible explanation
is that educational documents tend to describe technical preparation through broader
learning outcomes, such as PV design, grid integration, and project development, while
employers translate technical competence into immediate workplace responsibilities,
including safe installation, regulatory compliance, quality assurance, and risk reduction.
This interpretation resonates with Rietbergen’s (2026) finding that one of the most visible

skill areas in energy-sector job demand relates to assisting, service, support, and ensuring
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compliance with rules, standards, guidelines, or laws. In solar PV, electrical safety and
standards are directly connected to workplace accountability and reliable project delivery.
Their weaker visibility in education may indicate that these aspects are either treated
implicitly within broader technical courses or not sufficiently foregrounded as explicit
learning outcomes. From this perspective, electrical safety should not be treated as a

secondary technical detail, but as a core condition for reliable solar PV deployment.

Energy storage also deserves attention, even though it appeared with low visibility in both
datasets. Its limited presence may indicate that storage is not yet a widespread requirement
in current programmes or job postings. However, this contrasts with its strategic role in
future solar PV development. In Colombia, the IEA (2024b) projects a rapid expansion of
battery storage as part of the country’s net-zero pathway, with batteries supporting grid
flexibility, energy shifting, ancillary services, frequency regulation, voltage support, and
firm capacity. In Sweden, the IEA (2024a) identifies the need to expand flexibility
resources, including batteries, hydrogen storage, thermal storage, and demand-side
response, as electricity demand grows towards 2045. Although not all these technologies
are specific to solar PV, they show that future electricity systems will require stronger

competencies in flexibility, storage, and grid integration.

The Colombian pattern can also be understood in relation to the country’s broader energy-
transition planning. Colombia’s long-term energy planning includes diversifying the
electricity mix through sources such as solar PV, wind, and geothermal energy (IEA,
2024b). This may help explain why Colombian job postings show a stronger technical
orientation: employers appear to require applied and solar-specific competencies
associated with installation, operation, system reliability, and project delivery. This
interpretation connects with Amalu et al. (2023), who argue that educational providers
have a critical role in supplying the skills required by the solar energy technology sector,

particularly across manufacturing-related and deployment-related areas.

The Swedish pattern should be interpreted more cautiously. The lower visibility of direct
technical competencies in Swedish job postings does not necessarily mean that technical
knowledge is less important. Rather, technical work may be expressed through broader
roles in electricity, energy, maintenance, engineering, construction, customer service, or
project coordination. Bankel (2026) helps contextualise this pattern by showing that solar

PV deployment in Sweden depends not only on panels themselves, but also on grid
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connection, permit processes, complementary technologies such as batteries or electric-
vehicle chargers, and coordination with customers and other actors in the energy system.
Thus, Colombia expresses technical demand more directly as solar-specific deployment
work, while Sweden may express it more indirectly through broader energy-system and

coordination roles.

Overall, the technical alignment identified in this study is partial and uneven. Education
appears to prepare learners more strongly for design, project development, and grid-related
understanding, while the labour market gives greater weight to operational reliability,
safety, and compliance. This suggests that solar PV education should not only prepare
learners to design systems, but also to install, operate, connect, and maintain them safely.
At the same time, it should anticipate future technical needs related to storage and grid
integration. Technical preparation for the solar PV sector therefore needs to combine
current deployment skills with broader system-oriented competencies for the energy

transition.

6.2.3 Digital

The digital dimension suggests that alignment is strong and mainly concentrated around
broad professional digital practices. Rather than showing a strong match around
specialised energy-digital competencies, the findings indicate that digitalisation is being
incorporated primarily through information management, communication and
collaboration, and project-related work. This pattern resonates with Rietbergen’s (2026)
analysis of energy-sector job advertisements, where transversal digital-related demands
were closely linked to planning, communication, collaboration, documentation, data
analysis, interpretation of technical information, and testing activities. Therefore, digital
alignment appears less as a specialised field of solar PV digitalisation and more as a set of

general professional practices that support technical and organisational work in the sector.

The comparison between Sweden and Colombia adds an important nuance to this pattern.
In Sweden, digital competencies were more visible in labour-market demand, while in
Colombia they were more strongly represented in some educational programmes than in
job postings. This suggests that digitalisation is not entering education and labour-market
demand at the same pace in both countries. The IEA (2025) highlights the increasing
importance of data, automation, software-related skills, and digital monitoring in energy-

sector occupations. From this perspective, the weaker visibility of monitoring and
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SCADA, business ICT, and programming suggests that both educational providers and
employers may need to move beyond generic digital practices towards more sector-specific

digital preparation for solar PV work.

At the same time, this interpretation should not reduce digitalisation to a purely technical
upgrade. Bagga-Gupta (2025) reminds us that digitalisation is part of broader
transformations in knowledge, learning, and participation. From this perspective, the
limited visibility of specialised digital competencies is not only a technical curriculum gap,
but also a question of how learners are prepared to participate critically and effectively in
changing energy systems. Future curriculum development may therefore need to
strengthen digital competencies linked to data handling, monitoring and SCADA, business
ICT, project management, and programming, while also keeping a critical understanding

of how digitalisation reshapes work, learning, and sustainability transitions.

Viewed across the three competency dimensions, the alignment analysis shows that
education and labour-market demand are connected, but not through a one-to-one
correspondence. Educational programmes tend to organise competencies as broader
formative capacities, while job postings translate them into more immediate professional,
technical, digital, and operational requirements. This confirms that alignment should be
understood as a contextual relationship shaped by competency dimension, national energy

context, educational pathway, and labour-market function.
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7. Conclusions

This thesis examined how sustainability, technical, and digital competencies align between
educational provision and labour-market demand in the solar PV sector in Sweden and
Colombia. It also compared the structural characteristics of the educational pathways
leading to solar PV occupations in both countries and discussed what these patterns imply

for solar PV education and workforce preparation.

The alignment should not be understood as a direct one-to-one correspondence between
education and employment. Educational programmes and job postings express
competencies through different logics. Educational documents tend to organise
competencies as broader formative capacities, while job postings translate them into
immediate professional, technical, digital, and operational requirements. Alignment is
therefore a contextual relationship shaped by competency dimension, national energy

context, educational pathway, and labour-market function.

For solar PV education and workforce preparation, this means that improving alignment
requires more than adding isolated competencies to curricula. Sustainability education
should not be reduced to implementation alone, but should also strengthen reflective,
anticipatory, and value-oriented competencies across different educational levels.
Technical preparation should combine design, project development, and grid-related
knowledge with stronger attention to installation, operation and maintenance, electrical
safety, standards, and storage. Digital preparation should move beyond general ICT and
communication practices towards more sector-specific capacities. At the same time, digital
education should support critical thinking and informed participation, so that learners are
not only users of digital tools, but are also able to interpret, question, and use digital

information responsibly in technical and organisational decision-making.

Educational pathways should be designed according to their own purpose and qualification
level, but they should also remain responsive to changing regulatory demands,
technological development, and national energy-transition priorities. In this sense,
vocational, technical, professional, master’s, and doctoral pathways should not operate as
disconnected routes. They should be continuously updated and developed through stronger
coordination between educational institutions, regulatory bodies, employers, industry

actors, and public-policy agendas. This is particularly relevant in a sector such as solar PV,
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where workforce needs change rapidly as technologies, regulations, grid conditions, and

national development goals evolve.

These findings also reinforce the conceptual distinction between competencies and the
broader processes of learning, sustainability, and digitalisation developed in this thesis.
The presence of competencies in educational programmes should not be interpreted as
evidence that learning has occurred, since learning involves broader processes of change,
engagement, and reflection. Similarly, sustainability cannot be reduced to the presence of
selected sustainability competencies, and digitalisation cannot be understood only through
the use of digital tools or specific digital skills. The competency framework used in this
study therefore captures selected expressions of these broader processes, rather than the

processes themselves.

The study also shows that alignment is not only a curricular issue, but also a structural one.
Programme duration, cost, qualification level, modality, and progression routes shape who
can access solar PV-related competencies and at what point in their educational trajectory.
In Colombia, the presence of free technical and technologist routes through SENA is
important, but access to advanced competencies may depend on longer and more costly
university and postgraduate pathways. In Sweden, publicly funded and more clearly
sequenced pathways may facilitate progression, although the Swedish case should not be
idealised, since vocational and academic pathways also distribute opportunities differently.
In both countries, workforce preparation depends not only on what competencies are

included, but also on where they are located and how accessible they are.

The challenge is not simply to expand educational provision or create more programmes,
but to ensure that solar PV-related education does not reproduce existing inequalities in
access, class position, regional opportunity, and professional advancement. If the energy
transition requires a skilled workforce, educational pathways should not reinforce
disparities in who can access higher-value roles within that transition. From this
perspective, workforce preparation should also be understood as a question of distributive
justice: who can enter, progress, specialize, and benefit from the opportunities created by

the solar PV sector.

The main contribution of this thesis is the development and application of an integrated

competency framework that responds to the need for more comprehensive and comparable
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approaches to analysing competency demands across education and labour markets that
brings together sustainability, technical, and digital competencies for analysing solar PV
workforce preparation. This is relevant because many discussions of renewable energy
skills focus primarily on technical competencies, while this study shows that sustainability
and digital competencies are also central to understanding the relationship between
education and labour-market demand. The study also contributes empirically by comparing
two national contexts with different energy systems, educational structures, and labour-

market expressions of solar PV demand.

A second contribution is methodological. By combining educational programme
documents and job postings, this thesis shows how competencies can be studied across
both educational and labour-market texts. This approach makes visible not only whether
competencies are present or absent, but also how they are formulated differently across
contexts and document types. The use of LLM-assisted coding, supported by a predefined
codebook and manual validation, also demonstrates a possible methodological approach
for analysing large and heterogeneous text-based datasets in education and labour-market

research.

The study has several limitations. It is based on documents and job postings, not on
classroom practices, student experiences, employer decisions, or workplace performance.
Therefore, the findings show how competencies are formally represented in educational
and labour-market texts, but not how they are taught, learned, assessed, or applied in
practice. The educational sample was limited to selected programmes, and the job-posting
data represent a specific period and depend on the coverage of the data sources used. In
addition, although LLM-assisted coding made it possible to analyse a larger dataset,
interpretation was still required, especially when competencies appeared implicitly or

overlapped across categories.

Future research could address these limitations by including interviews with educators,
students, employers, policymakers, and solar PV workers. This would help examine
whether the alignments and misalignments identified in this study are also visible in
educational practice and workplace experience. Longitudinal studies could also analyse
how demand for sustainability, technical, and digital competencies changes as solar PV
markets mature, energy storage expands, and digital monitoring becomes more important.

Further research could also examine access, cost, duration, and progression across
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educational pathways in greater depth, since this thesis suggests that workforce preparation
depends not only on curriculum content, but also on the real possibility of accessing and

benefiting from relevant educational opportunities.

In conclusion, preparing the solar PV workforce requires educational and labour-market
actors to understand alignment as a dynamic and contextual relationship. Sustainability,
technical, and digital competencies need to be combined in ways that respond to current
labour-market needs while also anticipating future energy-transition challenges. Stronger
alignment between educational provision and labour-market demand can support not only
the growth of the solar PV sector, but also a more effective, inclusive, and context-sensitive

energy transition in Sweden and Colombia.
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Appendices

Appendix 1: Sustainability competency table for the solar

industry.

Wiek (2021)

Dimension Theoretical Competency Description
source
Ability to apply modelling and complex analytical approaches to
analyse complex systems and sustainability problems across
Sustainability Redman and Systems-thinking different domains and scales, including cascading effects, inertia,

feedback loops and other system dynamics, and to analyse the

impacts of sustainability action plans.

Redman and

Wiek (2021)

Futures-thinking

Ability to carry out or construct simulations, forecasts, scenarios
and visions to anticipate future states and dynamics of complex
systems and sustainability problems, and to anticipate how

sustainability action plans might play out in the future.

Redman and

Wiek (2021)

Values-thinking

Ability to identify, map, specify, negotiate and apply sustainability
values, principles and goals to assess the sustainability of current
and future states of complex systems, construct sustainability
visions, and assess the sustainability of action plans and

interventions.

Redman and

Wiek (2021)

Strategic thinking

Ability to construct and test viable strategies (action plans) for
interventions, transitions and transformations toward

sustainability.

Redman and

Wiek (2021)

Inter-personal

Ability to collaborate successfully in inter-disciplinary and inter-
professional teams, and to involve diverse stakeholders in
meaningful and effective ways in advancing sustainability

transformations.

Redman and

Wiek (2021)

Intra-personal

Ability to avoid personal health challenges and burnout in
advancing sustainability transformations through resilience-

oriented self-care, awareness and self-regulation.

Redman and

Wiek (2021)

Implementation

Ability to put sustainability strategies into action, including

adaptation, transfer and scaling, in effective and efficient ways.

Brundiers et al.

(2021)

Integrated

problem-solving

Meta-competency to combine and apply the other seven
competencies through collective problem-solving procedures,
developing viable sustainability strategies and successfully

implementing them in collaborative and self-caring ways.

Note. Sustainability competencies were adapted from Wiek et al. (2011), Brundiers et al. (2021), and Redman and Wiek (2021).




Appendix 2: Technical competency table for the solar industry

Dimension Theoretical Competency Description
source
Technical Amalu et al. PV system design and Sizing, designing and specifying photovoltaic systems,
(2023); IRENA dimensioning including resource assessment and component selection.
and ILO (2024)
Amalu et al. PV installation Physical installation of PV systems, including mechanical
(2023); IEA mounting and electrical connection.
(2025)
Amalu et al. Operation and Operating, monitoring and maintaining PV systems,
(2023); IRENA maintenance (O&M) including diagnostics and corrective actions.
and ILO (2024)
Amalu et al. Project development Developing renewable energy projects: site evaluation,
(2023); IRENA permitting, financial structuring and stakeholder
and ILO (2024) engagement.
Amalu et al. Energy storage and Integrating, dimensioning and maintaining energy storage
(2023); IEA batteries systems coupled with PV.
(2025)
Amalu et al. Grid integration Integrating PV systems into electrical grids, including power
(2023); IEA quality, protections and grid codes.
(2025)
Amalu et al. Electrical safety and Knowledge of electrical regulations, safety procedures and
(2023) standards quality standards applicable to PV installations.

Note. Technical competencies were adapted from Amalu et al. (2023), IRENA and ILO (2024), and IEA (2025).




Appendix 3: Digital competency table for the solar industry

SCADA

Dimension Theoretical Competency Description
source
Digital Rietbergen Communication and Communicating, collaborating, liaising and negotiating with
(2026); Cedefop collaboration other people, including with renewable energy clients and
and UNESCO- stakeholders.
UNEVOC
(2025)
Rietbergen Information and data Collecting, processing, analysing and monitoring information
(2026); IEA handling and data, including real-time monitoring of energy systems.
(2025)

Cedefop and Business ICT Using general-purpose digital tools (MS Office, business ICT
UNESCO- systems systems) in professional settings, including renewable energy
UNEVOC roles.

(2025);
Rietbergen
(2026)
IRENA and ILO | Project management Planning, coordinating and monitoring projects using project-
(2024) management tools and methodologies, as a semi-technical
transferable skill across the solar PV value chain.

Cedefop and Computer Computer programming as a digital skill demanded from
UNESCO- programming renewable energy professionals and energy-sector software
UNEVOC engineers and data scientists.

(2025); IEA

(2025)
IEA (2025) Monitoring and System monitoring, equipment testing and maintaining digital

control systems such as SCADA, supporting engineering

functions in the energy sector.

Note. Digital competencies were adapted from Cedefop and UNESCO-UNEVOC (2025), IRENA and ILO (2024), IEA (2025), and

Rietbergen (2026).




Appendix 4: Educational levels analysed in the study and their corresponding ISCED classifications.

Country Institution Programme name ISCED | Duration Credits Modality Tuition fees
Source URL / document
level (months)
Colombia | Universidad Doctorate in Engineering — 8 48 135 credits Daytime / | COP 88,065,920
Nacional de Energy Systems in-person https://minas.medellin.unal.edu.co/doctorado-energeticos
Colombia
Sweden | Hogskolan Dalarna Doctoral Programme in 8 48 240 hp In-person | Free
https://www.du.se/en/medarbetarwebb/utbilda-och-
Resource-Efficient Built
) forska/forskarutbildning/resource-efficient-built-environments/
Environments
Sweden | Hogskolan Dalarna Master's Programme in Solar 7 24 120 ECTS In-person | Free for EU/EEA
Energy Engineering (hp) citizens; fees SE-019_syllabys.pdf | https://www.du.se/en/study/programmes-
apply for non- and-courses/programme/?code=TMSSA
EU students
Colombia | Universidad de los Master's in Innovation of 7 18 32 credits Online COP 46,496,000
https://ingenieria.uniandes.edu.co/mise/plan-de-estudios/
Andes Energy Systems (MISE)
Colombia | Universidad Specialization in Solar Energy 7 12 28 credits In-person | Regulated tuition
Nacional de (public ) )
https://fcen.unal.edu.co/index.php?id=545
Colombia — university);
Manizales
Sweden | Uppsala Universitet Master of Science in 7 60 300 ECTS In-person | Free for EU/EEA
/ Sveriges Engineering — Energy Systems (hp) citizens; SEK https://www.uu.se/utbildning/program/civilingenjorsprogrammet-
Lantbruksuniversitet | (Civilingenjorsprogrammet i 82,500 per energisystem
(SLU) energisystem)



https://fcen.unal.edu.co/index.php?id=545
https://www.uu.se/utbildning/program/civilingenjorsprogrammet-energisystem
https://www.uu.se/utbildning/program/civilingenjorsprogrammet-energisystem

semester for non-

EU students
Colombia | Universidad del Energy Systems Engineering 48 136 credits In-person | COP 14,812,000 https://gsb-flipbooks.hflip.co/acfaa2506¢.html
Rosario https://urosario.edu.co/ingenieria-de-sistemas-energeticos
Sweden | Karlstads Universitet | Bachelor of Science in 36 180 ECTS In-person | Free for EU/EEA
Engineering — Energy and hp) citizens; fees
£ £ & tp SE-029_syllabus.pdf|
Environmental Engineering apply for non-
https://www .kau.se/utbildningar/program/TGHEM
(Hogskoleingenjorsprogrammet EU students
i energi- och miljoteknik)
Colombia | SENA Technology in Efficient Energy 27 3,984 hours | Online / Free
) https://oferta.senasofiaplus.edu.co
Management in-person
Colombia | SENA Maintenance and Installation of 14 2,200 hours | In-person | Free
) . CO_028 PLAN.docx | https://oferta.senasofiaplus.edu.co
Photovoltaic Solar Systems / online
Sweden | Campus Nyndshamn | Solar Energy Technician 22 425 YH- Distance Free
(Solenergitekniker) poing (85 https://campusnynashamn.se/utbildningar-
weeks x 5 kurser/yrkeshogskola/solenergitekniker.printable
YHP/week)
Sweden | YH Asbro Kursgdrd | Electrical Power Service 24 335 YH- In-person | Free
Technician (Servicetekniker podng SE-048_PLAN.pdf | https://www.asbro.se
Elkraft)
Colombia | Instituto Técnico Industrial Technical 24 N/A In-person | Free

Industrial Pascual

Bravo (Medellin)

Baccalaureate — Electricity and

Electronics

CO_33.pdf | www.tecnicopascualbravo.edu.co



https://oferta.senasofiaplus.edu.co/

Sweden | Gymnasieskola
(Swedish national
programme,

Skolverket)

Electricity and Energy
Programme, Electrical
Engineering specialisation (El-
och energiprogrammet,

inriktning Elteknik, GY25)

36

2,800 podng

In-person

Free

SE 54 _PLAN.pdf| https://www.refis.se

Note. programmes classified using the international standard classification of education (ISCED 2011) framework (UNESCO institute for statistics, 2012)




Appendix 5: Python workflow for educational programs
collection and preprocessing

Competency Scorer with Evidence — Education Programmes (Solar / Energy)
Mirrors the job-posting scorer, but scores EDUCATION PROGRAMMES.
Codebook: Redman & Wiek 2021; Amalu et al. 2023; Rietbergen 2026.

Adds 21 competency scores + 21 evidence columns + ISCED/educational-level

classification (3 columns) to the programmes dataset.

SECURITY NOTE: the API key is read from the GEMINI_API_KEY environment variable.
Never hardcode keys in this file. Set it before running, e.g.:
export GEMINI_API KEY="your-new-key" (macOS/Linux)

setx GEMINI_API KEY "your-new-key" (Windows, new shell after)

nin

import os

import json

import time

import pandas as pd

from google import genai

#— EDIT THESE LINES

data

INPUT_FILE = "programmes_dataset_final v3.xIsx"
INPUT_SHEET = "Programmes"

OUTPUT_FILE = "programmes_scored.csv"

# Columns whose text is sent to the model (in this order). Trailing spaces are
# stripped from all headers on load, so use clean names here.
TEXT_COLUMNS = [

"Programme name",

"Programme Description",

"Graduate profile",



"Core Courses",

"Course Descriptions",

#— CONFIG

API KEY = os.environ.get("GEMINI_API KEY","")
MODEL = "gemini-3.1-flash-lite"

DELAY =1

# — CODEBOOK (same framework as the job scorer)
CODEBOOK ="""
SUSTAINABILITY COMPETENCIES — Redman & Wiek (2021); Brundiers et al. (2021):

- ksc_systems: Systems-thinking. Apply modeling and complex analytical approaches to analyze complex systems and sustainability
problems across different domains and scales, including cascading effects, inertia, feedback loops and other system dynamics, and to
analyze the impacts of sustainability action plans.

- ksc_futures: Futures-thinking. Carry out or construct simulations, forecasts, scenarios and visions to anticipate future states and
dynamics of complex systems and sustainability problems, and to anticipate how sustainability action plans might play out in the
future.

- ksc_values: Values-thinking. Identify, map, specify, negotiate and apply sustainability values, principles and goals to assess the
sustainability of current and future states of complex systems, construct sustainability visions, and assess the sustainability of action
plans and interventions.

- ksc_strategic: Strategies-thinking. Construct and test viable strategies (action plans) for interventions, transitions and
transformations toward sustainability.

- ksc_interpersonal: Inter-personal. Collaborate successfully in inter-disciplinary and inter-professional teams, and involve diverse
stakeholders in meaningful and effective ways in advancing sustainability transformations.

- ksc_intrapersonal: Intra-personal. Avoid personal health challenges and burnout in advancing sustainability transformations through
resilience-oriented self-care, awareness and self-regulation.

- ksc_implementation: Implementation. Put sustainability strategies into action, including implementation, adaptation, transfer and
scaling, in effective and efficient ways.

- ksc_problemsolving: Integrated problem-solving. Meta-competency to combine and apply the other seven competencies through
collective problem-solving procedures, developing viable sustainability strategies and successfully implementing them in
collaborative and self-caring ways.

TECHNICAL COMPETENCIES — Amalu et al. (2023); IRENA & ILO (2024); IEA (2025):

- tec_pv_design: PV system design and dimensioning. Sizing, designing and specifying photovoltaic systems, including resource
assessment and component selection.

- tec_pv_install: PV installation. Physical installation of PV systems, including mechanical mounting and electrical connection.

- tec_om: Operation and maintenance (O&M). Operating, monitoring and maintaining PV systems, including diagnostics and
corrective actions.

- tec_project_dev: Project development. Developing renewable energy projects: site evaluation, permitting, financial structuring and
stakeholder engagement.



- tec_storage: Energy storage and batteries. Integrating, dimensioning and maintaining energy storage systems coupled with PV.
- tec_grid: Grid integration. Integrating PV systems into electrical grids, including power quality, protections and grid codes.

- tec_safety: Electrical safety and standards. Knowledge of electrical regulations, safety procedures and quality standards applicable to
PV installations.

DIGITAL COMPETENCIES — Rietbergen (2026); Cedefop & UNESCO-UNEVOC (2025); IEA (2025); IRENA & ILO (2024):

- dig_communication: Communication and collaboration. Communicating, collaborating, liaising and negotiating with other people,
including with renewable energy clients and stakeholders.

- dig_data: Information and data handling. Collecting, processing, analysing and monitoring information and data, including real-time
monitoring of energy systems.

- dig_ict: Business ICT systems. Using general-purpose digital tools (MS Office, business ICT systems) in professional settings,
including renewable energy roles.

- dig_project_mgmt: Project management. Planning, coordinating and monitoring projects using project-management tools and
methodologies, as a semi-technical transferable skill across the solar PV value chain.

- dig_programming: Computer programming. Computer programming as a digital skill demanded from renewable energy
professionals and energy-sector software engineers and data scientists.

- dig_scada: Monitoring and SCADA. System monitoring, equipment testing and maintaining digital control systems such as SCADA,
supporting engineering functions in the energy sector.

nin

CODE_KEYS =[
"ksc_systems", "ksc_futures", "ksc_values", "ksc_strategic",
"ksc_interpersonal”, "ksc_intrapersonal”, "ksc_implementation", "ksc_problemsolving",
_Interp _Intrap _1mp P g
"tec_pv_design", "tec_pv_install", "tec_om", "tec_project_dev",
"tec_storage", "tec_grid", "tec_safety",
"dig_communication", "dig_data", "dig_ict", "dig_project mgmt",
g g_ g g_project_mg

"dig_programming", "dig_scada",

#— EDUCATIONAL LEVEL TAXONOMY (ISCED 2011, mapped to Colombia/Sweden)
LEVEL TAXONOMY ="""
EDUCATIONAL LEVEL (ISCED 2011) — UNESCO UIS, mapped to Colombia/Sweden programmes:

- ISCED 3 — Upper Secondary / Vocational. Colombia: Upper secondary technical education (escuela técnica industrial). Sweden:
Gymnasieskola, national vocational programme (e.g. El- och energiprogrammet).

- ISCED 5 — Post-secondary Vocational. Colombia: SENA Técnico/Tecnélogo. Sweden: Yrkeshogskola (higher vocational
education, YH).

- ISCED 6 — Bachelor. Two variants: (a) Bachelor College — Sweden's Hogskoleingenjorsexamen (3-year engineering bachelor);
(b) Bachelor / Professional — Colombia's undergraduate professional degree (pregrado profesional, 4-5 years).



- ISCED 7 — Master-level. Three variants: (a) Integrated Engineering Master's — Sweden's Civilingenjorsexamen (5-year
integrated); (b) Specialization — Colombia's Especializacion (postgraduate specialization, typically 1 year, between bachelor and
master); (c) Master — Masterprogram / Maestria (2-year research or professional master).

- ISCED 8 — Doctoral. PhD / Doctorate / Forskarniva.

nin

EDUCATIONAL LEVELS =[
"Upper Secondary / Vocational",
"Post-secondary Vocational",
"Bachelor College",
"Bachelor / Professional",
"Integrated Engineering Master's Degree",
"Specialization",
"Master",

"Doctoral",

SYSTEM_PROMPT = {"""You are an expert coder applying a competency framework to higher-education and vocational
PROGRAMMES in the solar/energy field (programme descriptions, graduate profiles and course catalogues).

TASK A — COMPETENCY SCORING.

Score each of the 21 competencies below on a 3-level intensity scale (Annelin & Bostrém, 2023):
0 = absent (not mentioned)
1 = mentioned (briefly referenced, listed without development)

2 = developed (explicitly required as a core learning outcome, taught course, or graduate competency)

For every competency, also return the raw phrases from the programme text that justify the score.

- "evidence" must be a list of exact phrases copied verbatim from the input (do not paraphrase, do not translate). The text may be in
Spanish, Swedish or English — copy phrases in their original language.

- If score is 0, return an empty list [].

- Multiple short phrases are preferred over one long quote.

{CODEBOOK}

TASK B — EDUCATIONAL LEVEL CLASSIFICATION.



Classify the programme into one ISCED level (3, 5, 6, 7 or 8) AND one educational level label from the closed list below. Use the
taxonomy:

{LEVEL_TAXONOMY}

Closed list of educational level labels (use EXACT spelling, one only):

{EDUCATIONAL_LEVELS}

Provide "level evidence" as a list of verbatim phrases from the programme text that justify the ISCED/level assignment (e.g. degree
name, credit value, qualification framework references, duration in years/semesters, awarding-body type). If the text is insufficient to
decide, return isced_level = null, educational level = "" and an empty evidence list.

Return ONLY valid JSON, no markdown, no explanation, with exactly these 22 keys, each mapping to an object as shown:
{
"ksc_systems": {{"score": 0, "evidence": []}},

"ksc_futures": {{"score": 0, "evidence": []}},

"dig_scada": {{"score": 0, "evidence": []}},

"level": {{"isced_level": 0, "educational level": "", "level evidence": []}}

nin

-
—

def build_text(row) -> str:
"""Concatenate the chosen programme text columns into one labelled block."""
parts =[]
for col in TEXT _COLUMNS:
val = row.get(col, "")
if pd.notna(val) and str(val).strip():
parts.append(f" {col}:\n{str(val).strip()}")

return "\n\n".join(parts)

def empty_level fields(flat: dict) -> None:
flat["isced_level"] = None

flat["educational level"]=""



—

flat["level evidence"]

def score_programme(client, prog_id: str, text: str) -> dict:
if not text.strip():
# No content to score — return all zeros (e.g. placeholder rows).
flat = {}
for k in CODE_KEYS:
flat[k] =0
flat[f"{k} evidence"]=""
_empty_level fields(flat)

return flat

user_text = f"Programme ID: {prog_id}\n\n{text}"
try:
response = client.models.generate _content(
model=MODEL,

contents=f" {SYSTEM_PROMPT }\n\n---\n{user_text}",

raw = response.text.strip()
if raw.startswith(""**"):
raw = raw.split("""*")[1]
if raw.startswith("json"):
raw = raw[4:]

parsed = json.loads(raw.strip())

flat = {}
for k in CODE_KEYS:
entry = parsed.get(k, {}) or {}
score = entry.get("score", 0)
evidence = entry.get("evidence", []) or []
flat[k] = int(score) if score is not None else None

flat[f"{k} evidence"]="|".join(str(e) for e in evidence) if isinstance(evidence, list) else str(evidence)



# Educational level classification
level = parsed.get("level", {}) or {}
isced = level.get("isced_level", None)
edu_lvl = level.get("educational level", "") or ""
Ivl_evidence = level.get("level evidence", []) or []
flat["isced_level"] = int(isced) if isced is not None else None
flat["educational level"] = edu_Ivl if edu_lvl in EDUCATIONAL LEVELS else ""
flat["level_evidence"] =" |"join(str(e) for e in Ivl evidence) if isinstance(lvl_evidence, list) else str(lvl_evidence)
return flat
except Exception as e:
print(f* ! error: {e}")
flat = {}
for k in CODE_KEYS:
flat[k] = None
flat[f"{k} evidence"]=""
_empty_level fields(flat)

return flat

def main():
if not API KEY:
raise SystemEXxit(
"GEMINI_API KEY is not set. Run e.g. ‘export GEMINI_API KEY=...""

"(use a freshly rotated key — the old hardcoded one is compromised)."

df = pd.read_excel(INPUT_FILE, sheet name=INPUT SHEET)
df.columns = [c.strip() for ¢ in df.columns] # strip trailing spaces in headers

print(f"Loaded {len(df)} programmes from {INPUT_FILE} [{INPUT_SHEET}]")

client = genai.Client(api_key=API KEY)



results = []
for i, row in df.iterrows():
prog_id = str(row.get("Programme ID", f"row {i}"))
name = str(row.get("Programme name", ""))
print(f" [{i+ 1}/{len(df)}] {prog_id} — {name[:55]}")
results.append(score_programme(client, prog_id, build_text(row)))

time.sleep(DELAY)

scores_df = pd.DataFrame(results)
out_df = pd.concat([df.reset_index(drop=True), scores_df], axis=1)
out_df.ito_csv(OUTPUT_FILE, index=False, encoding="utf-8-sig")

print(f"\nSaved: {OUTPUT_FILE} ({len(out_df)} rows, {len(out_df.columns)} columns)")

print("\n— Score distribution per competency —")

print(scores_dff CODE_KEY S].apply(lambda c: c.value_counts(dropna=False)).fillna(0).astype(int))

print("\n— Educational level distribution —")

print(scores_df[["isced_level", "educational_level"]].value_counts(dropna=False))

if name ==" main_":

main()



Appendix 6: Python workflow for job-posting data collection and
preprocessing

Competency Scorer with Evidence — Education Programmes (Solar / Energy)
Mirrors the job-posting scorer, but scores EDUCATION PROGRAMMES.
Codebook: Redman & Wiek 2021; Amalu et al. 2023; Rietbergen 2026.

Adds 21 competency scores + 21 evidence columns to the programmes dataset.

SECURITY NOTE: the API key is read from the GEMINI_API _KEY environment variable.
Never hardcode keys in this file. Set it before running, e.g.:
export GEMINI_API KEY="your-new-key" (macOS/Linux)

setx GEMINI_API KEY "your-new-key" (Windows, new shell after)

nin

import os

import json

import time

import pandas as pd

from google import genai

#— EDIT THESE LINES
INPUT_FILE = "programmes_dataset_final v3.xIsx"
INPUT_SHEET = "Programmes"

OUTPUT_FILE = "programmes_scored.csv"

# Columns whose text is sent to the model (in this order). Trailing spaces are
# stripped from all headers on load, so use clean names here.
TEXT_COLUMNS = [

"Programme name",

"Programme Description",

"Graduate profile",

"Core Courses",

"Course Descriptions",



#— CONFIG

API KEY ="API" # <- never hardcode
MODEL = "gemini-3.1-flash-lite"

DELAY =1

# — CODEBOOK (same framework as the job scorer)

CODEBOOK ="""
SUSTAINABILITY COMPETENCIES — Redman & Wiek (2021); Brundiers et al. (2021):

- ksc_systems: Systems-thinking. Apply modeling and complex analytical approaches to analyze complex systems and sustainability
problems across different domains and scales, including cascading effects, inertia, feedback loops and other system dynamics, and to
analyze the impacts of sustainability action plans.

- ksc_futures: Futures-thinking. Carry out or construct simulations, forecasts, scenarios and visions to anticipate future states and
dynamics of complex systems and sustainability problems, and to anticipate how sustainability action plans might play out in the
future.

- ksc_values: Values-thinking. Identify, map, specify, negotiate and apply sustainability values, principles and goals to assess the
sustainability of current and future states of complex systems, construct sustainability visions, and assess the sustainability of action
plans and interventions.

- ksc_strategic: Strategies-thinking. Construct and test viable strategies (action plans) for interventions, transitions and
transformations toward sustainability.

- ksc_interpersonal: Inter-personal. Collaborate successfully in inter-disciplinary and inter-professional teams, and involve diverse
stakeholders in meaningful and effective ways in advancing sustainability transformations.

- ksc_intrapersonal: Intra-personal. Avoid personal health challenges and burnout in advancing sustainability transformations through
resilience-oriented self-care, awareness and self-regulation.

- ksc_implementation: Implementation. Put sustainability strategies into action, including implementation, adaptation, transfer and
scaling, in effective and efficient ways.

- ksc_problemsolving: Integrated problem-solving. Meta-competency to combine and apply the other seven competencies through
collective problem-solving procedures, developing viable sustainability strategies and successfully implementing them in
collaborative and self-caring ways.

TECHNICAL COMPETENCIES — Amalu et al. (2023); IRENA & ILO (2024); IEA (2025):

- tec_pv_design: PV system design and dimensioning. Sizing, designing and specifying photovoltaic systems, including resource
assessment and component selection.

- tec_pv_install: PV installation. Physical installation of PV systems, including mechanical mounting and electrical connection.

- tec_om: Operation and maintenance (O&M). Operating, monitoring and maintaining PV systems, including diagnostics and
corrective actions.

- tec_project_dev: Project development. Developing renewable energy projects: site evaluation, permitting, financial structuring and
stakeholder engagement.

- tec_storage: Energy storage and batteries. Integrating, dimensioning and maintaining energy storage systems coupled with PV.

- tec_grid: Grid integration. Integrating PV systems into electrical grids, including power quality, protections and grid codes.



- tec_safety: Electrical safety and standards. Knowledge of electrical regulations, safety procedures and quality standards applicable to
PV installations.

DIGITAL COMPETENCIES — Rietbergen (2026); Cedefop & UNESCO-UNEVOC (2025); IEA (2025); IRENA & ILO (2024):

- dig_communication: Communication and collaboration. Communicating, collaborating, liaising and negotiating with other people,
including with renewable energy clients and stakeholders.

- dig_data: Information and data handling. Collecting, processing, analysing and monitoring information and data, including real-time
monitoring of energy systems.

- dig_ict: Business ICT systems. Using general-purpose digital tools (MS Office, business ICT systems) in professional settings,
including renewable energy roles.

- dig_project_mgmt: Project management. Planning, coordinating and monitoring projects using project-management tools and
methodologies, as a semi-technical transferable skill across the solar PV value chain.

- dig_programming: Computer programming. Computer programming as a digital skill demanded from renewable energy
professionals and energy-sector software engineers and data scientists.

- dig_scada: Monitoring and SCADA. System monitoring, equipment testing and maintaining digital control systems such as SCADA,
supporting engineering functions in the energy sector.

nin

CODE_KEYS =[
"ksc_systems", "ksc_futures", "ksc_values", "ksc_strategic",
"ksc_interpersonal”, "ksc_intrapersonal”, "ksc_implementation", "ksc_problemsolving",
_Interp _Intrap _1mp P g
"tec_pv_design", "tec_pv_install", "tec_om", "tec_project_dev",
"tec_storage", "tec_grid", "tec_safety",
"dig_communication", "dig_data", "dig_ict", "dig_project mgmt",
g g_ g g_project_mg

"dig_programming", "dig_scada",

SYSTEM_PROMPT = {"""You are an expert coder applying a competency framework to higher-education and vocational
PROGRAMMES in the solar/energy field (programme descriptions, graduate profiles and course catalogues).

Score each of the 21 competencies below on a 3-level intensity scale (Annelin & Bostrém, 2023):
0 = absent (not mentioned)
1 = mentioned (briefly referenced, listed without development)

2 = developed (explicitly required as a core learning outcome, taught course, or graduate competency)

For every competency, also return the raw phrases from the programme text that justify the score.

- "evidence" must be a list of exact phrases copied verbatim from the input (do not paraphrase, do not translate). The text may be in
Spanish, Swedish or English — copy phrases in their original language.



- If score is 0, return an empty list [].

- Multiple short phrases are preferred over one long quote.

{CODEBOOK}

Return ONLY valid JSON, no markdown, no explanation, with exactly these 21 keys, each mapping to an object with "score" (0/1/2)
and "evidence" (list of strings):

{
"ksc_systems": {{"score": 0, "evidence": []}},

"ksc_futures": {{"score": 0, "evidence": []}},

"dig_scada": {{"score": 0, "evidence": []}}

nin

-
—

def build_text(row) -> str:
"""Concatenate the chosen programme text columns into one labelled block."""
parts =[]
for col in TEXT _COLUMNS:
val = row.get(col, "")
if pd.notna(val) and str(val).strip():
parts.append(f" {col}:\n{str(val).strip()}")

return "\n\n".join(parts)

def score_programme(client, prog_id: str, text: str) -> dict:
if not text.strip():
# No content to score — return all zeros (e.g. placeholder rows).
flat = {}
for k in CODE_KEYS:
flat[k] =0
flat[f"{k} evidence"]=""

return flat



user_text = f"Programme ID: {prog_id}\n\n{text}"
try:
response = client.models.generate_content(
model=MODEL,

contents=f" {SYSTEM_PROMPT }\n\n---\n{user_text}",

raw = response.text.strip()
if raw.startswith(""**"):
raw = raw.split("""*")[1]
if raw.startswith("json"):
raw = raw[4:]

parsed = json.loads(raw.strip())

flat = {}
for k in CODE_KEYS:
entry = parsed.get(k, {}) or {}
score = entry.get("score", 0)
evidence = entry.get("evidence", []) or []
flat[k] = int(score) if score is not None else None
flat[f"{k} evidence"]="|".join(str(e) for e in evidence) if isinstance(evidence, list) else str(evidence)
return flat
except Exception as e:
print(f* ! error: {e}")
flat = {}
for k in CODE_KEYS:
flat[k] = None
flat[f"{k} evidence"]=""

return flat

def main():
if not API KEY:

raise SystemEXxit(



"GEMINI_API KEY is not set. Run e.g. ‘export GEMINI_API KEY=...""

"(use a freshly rotated key — the old hardcoded one is compromised)."

df = pd.read_excel(INPUT_FILE, sheet name=INPUT SHEET)
df.columns = [c.strip() for ¢ in df.columns] # strip trailing spaces in headers

print(f"Loaded {len(df)} programmes from {INPUT_FILE} [{INPUT_SHEET}]")

client = genai.Client(api_key=API KEY)

results = []
for i, row in df.iterrows():
prog_id = str(row.get("Programme ID", f"row {i}"))
name = str(row.get("Programme name", ""))
print(f" [{i+ 1}/{len(df)}] {prog_id} — {name[:55]}")
results.append(score_programme(client, prog_id, build_text(row)))

time.sleep(DELAY)

scores_df = pd.DataFrame(results)
out_df = pd.concat([df.reset_index(drop=True), scores_df], axis=1)
out_dfito_csv(OUTPUT_FILE, index=False, encoding="utf-8-sig")

print(f"\nSaved: {OUTPUT_FILE} ({len(out_df)} rows, {len(out_df.columns)} columns)")

print("\n— Score distribution per competency —")

print(scores_dff CODE_KEY S].apply(lambda c: c.value_counts(dropna=False)).fillna(0).astype(int))

if name ==" main_":

main()



Appendix 7: Distribution of technical, digital and sustainability

competencies across educational programmes

Block Code Competency Mean
Technical (PV) tec_pv_design PV design & dimensioning 0.93
Technical (PV) tec_grid Grid integration 0.93
Technical (PV) tec_project dev Project development 0.86
Technical (PV) tec_om Operation & maintenance 0.79
Technical (PV) tec_pv_install PV installation 0.64
Technical (PV) tec_storage Energy storage 0.64
Technical (PV) tec_safety Electrical safety & standards 0.64
Sustainability (KSC) | ksc_systems Systems-thinking 1.43
Sustainability (KSC) | ksc_problemsolving | Integrated problem-solving 1.29
Sustainability (KSC) | ksc_implementation | Implementation 1.07
Sustainability (KSC) | ksc_strategic Strategies-thinking 0.93
Sustainability (KSC) | ksc_interpersonal Inter-personal 0.93
Sustainability (KSC) | ksc_values Values-thinking 0.79
Sustainability (KSC) | ksc_futures Futures-thinking 0.57
Sustainability (KSC) | ksc_intrapersonal Intra-personal 0.07
Digital dig_data Data handling 1.21
Digital dig_communication | Communication & collaboration 1.14
Digital dig_project mgmt | Project management 0.79
Digital dig_ict Business ICT 0.50
Digital dig_programming Programming 0.43
Digital dig_scada Monitoring & SCADA 0.36




Appendix 8: Distribution of sustainability, technical, and digital

competencies across educational programmes and in Colombia

and Sweden

Block Code Competency Colombia Sweden
Technical (PV) tec_grid Grid integration 0.57 1.29
Technical (PV) tec_pv_design PV design & dimensioning 0.71 1.14
Technical (PV) tec_project dev Project development 0.86 0.86
Technical (PV) tec_om Operation & maintenance 0.71 0.86
Technical (PV) tec_pv_install PV installation 0.43 0.86
Technical (PV) tec_storage Energy storage 0.43 0.86
Technical (PV) tec_safety Electrical safety & standards 0.57 0.71

Sustainability ksc_systems Systems-thinking 1.29 1.57

(KSC)

Sustainability ksc_problemsolving Integrated problem-solving 1.29 1.29

(KSC)

Sustainability ksc_implementation Implementation 1.14 1.00

(KSC)

Sustainability ksc_strategic Strategies-thinking 1.00 0.86

(KSC)

Sustainability ksc_interpersonal Inter-personal 0.86 1.00

(KSC)

Sustainability ksc_futures Futures-thinking 0.71 0.43

(KSC)

Sustainability ksc_values Values-thinking 0.71 0.86

(KSC)

Sustainability ksc_intrapersonal Intra-personal 0.14 0.00

(KSC)

Digital dig_communication Communication & collaboration 1.00 1.29

Digital dig_data Data handling 1.29 1.14

Digital dig_project mgmt Project management 0.86 0.71

Digital dig_scada Monitoring & SCADA 0.29 0.43

Digital dig_ict Business ICT 0.71 0.29




Digital

dig_programming

Programming

0.71

0.14




Appendix 9: Distribution of sustainability, technical, and digital

competencies across educational levels in Colombia and Sweden

Integr U
e
Bac ated Post- pp
Bachel r
helo Engine | Ma | secon
or/ Doct Speciali | Secon
Block Code Competency r ering ste dary
Profes oral zation dary /
Coll Maste r Vocat
sional Vocat
ege r's ional
ional
Degree
Sustainabilit | ksc_system 2.0
Systems-thinking 2.00 2.00 | 2.00 2.00 1.00 1.00 0.50
y (KSC) s 0
Sustainabilit 1.5
ksc_futures Futures-thinking 1.00 0.00 1.50 1.00 0.00 0.00 0.00
y (KSC) 0
Sustainabilit 2.0
ksc_values Values-thinking 1.00 2.00 1.00 1.00 0.25 0.00 0.00
y (KSC) 0
Sustainabilit | ksc_strategi 1.5
Strategies-thinking 2.00 1.00 1.00 2.00 0.75 0.00 0.00
y (KSC) ¢ 0
Sustainabilit | ksc_interper 2.0
Inter-personal 2.00 0.00 | 0.50 1.00 1.00 0.00 0.50
y (KSC) sonal 0
Sustainabilit | ksc_intraper 0.0
Intra-personal 0.00 0.00 | 0.00 0.00 0.25 0.00 0.00
y (KSC) sonal 0
Sustainabilit | ksc_implem 1.5
Implementation 2.00 1.00 | 0.50 1.00 1.50 0.00 0.50
y (KSC) entation 0
Sustainabilit | ksc_proble Integrated problem- 2.0
2.00 2.00 | 1.50 2.00 0.75 1.00 0.50
y (KSC) msolving solving 0
Technical tec_pv_desi PV design & 1.5
1.00 1.00 | 0.50 2.00 1.00 1.00 0.00
(PV) gn dimensioning 0
Technical tec_pv_inst 1.0
- PV installation 0.00 1.00 | 0.00 0.00 1.25 0.00 0.50
(PV) all 0
Technical Operation & 1.0
tec_om 1.00 0.00 | 0.00 1.00 1.50 0.00 0.50
(PV) maintenance 0
Technical tec_project ) 1.5
Project development 2.00 0.00 1.00 2.00 0.75 0.00 0.00
(PV) dev 0
Technical 2.0
V) tec_storage Energy storage 1.00 0.00 | 0.50 1.00 0 0.50 0.00 0.00




Technical 2.0
tec_grid Grid integration 2.00 1.00 | 0.50 2.00 0.75 0.00 0.00
(PV) 0
Technical Electrical safety & 0.5
tec_safety 0.00 0.00 | 0.00 0.00 1.75 0.00 0.50
(PV) standards 0
dig_commu Communication & 2.0
Digital 2.00 0.00 | 1.00 1.00 1.25 0.00 1.00
nication collaboration 0
2.0
Digital dig_data Data handling 2.00 1.00 1.50 2.00 0 0.75 1.00 0.50
1.0
Digital dig_ict Business ICT 1.00 0.00 | 0.00 0.00 0 0.75 0.00 0.50
dig_project 1.5
Digital Project management 2.00 0.00 | 0.00 1.00 1.00 0.00 0.50
_mgmt 0
o dig_progra ) 0.5
Digital Programming 2.00 0.00 1.00 1.00 0.00 0.00 0.00
mming 0
o . Monitoring & 1.0
Digital dig_scada 1.00 0.00 | 0.00 0.00 0.25 0.00 0.50
SCADA 0




Appendix 10: Distribution of sustainability, technical and digital

competencies across job postings

Block Code Competency Mean
Technical (PV) tec_safety Electrical safety & standards 0.91
Technical (PV) tec_om Operation & maintenance 0.48
Technical (PV) tec_project dev Project development 0.37
Technical (PV) tec_grid Grid integration 0.32
Technical (PV) tec_pv_install PV installation 0.27
Technical (PV) tec_storage Energy storage 0.17
Technical (PV) tec_pv_design PV design & dimensioning 0.16

Sustainability (KSC) ksc_interpersonal Inter-personal 1.43
Sustainability (KSC) ksc_implementation Implementation 0.97
Sustainability (KSC) ksc problemsolving Integrated problem-solving 0.95
Sustainability (KSC) ksc systems Systems-thinking 0.63
Sustainability (KSC) ksc_strategic Strategies-thinking 0.49
Sustainability (KSC) ksc values Values-thinking 0.35
Sustainability (KSC) ksc_intrapersonal Intra-personal 0.32
Sustainability (KSC) ksc_futures Futures-thinking 0.20

Digital dig_communication | Communication & collaboration 1.47

Digital dig_project mgmt Project management 1.05

Digital dig_data Data handling 0.88

Digital dig_ict Business ICT 0.62

Digital dig_programming Programming 0.41

Digital dig scada Monitoring & SCADA 0.27




Appendix 11: Distribution of sustainability, technical, and digital

competencies across job postings in Colombia and Sweden

Block Code Competency Colombia | Sweden
Sustainability (KSC) | ksc_interpersonal Inter-personal 0.86 1.54
Sustainability (KSC) | ksc_problemsolving Integrated problem-solving 0.45 1.05
Sustainability (KSC) | ksc_implementation Implementation 1.01 0.97
Sustainability (KSC) ksc_systems Systems-thinking 0.14 0.72
Sustainability (KSC) ksc_strategic Strategies-thinking 0.34 0.51
Sustainability (KSC) | ksc_intrapersonal Intra-personal 0.07 0.37
Sustainability (KSC) ksc_values Values-thinking 0.36 0.34
Sustainability (KSC) ksc_futures Futures-thinking 0.04 0.23

Technical (PV) tec_safety Electrical safety & standards 1.24 0.85
Technical (PV) tec_pv_install PV installation 1.05 0.12
Technical (PV) tec_project dev Project development 0.81 0.29
Technical (PV) tec_om Operation & maintenance 0.66 0.45
Technical (PV) tec_pv_design PV design & dimensioning 0.64 0.07
Technical (PV) tec_grid Grid integration 0.43 0.30
Technical (PV) tec_storage Energy storage 0.09 0.19

Digital dig_communication | Communication & collaboration 0.80 1.60

Digital dig project mgmt Project management 0.94 1.07

Digital dig_data Data handling 0.56 0.94

Digital dig_ict Business ICT 0.50 0.65

Digital dig_programming Programming 0.02 0.49

Digital dig_scada Monitoring & SCADA 0.12 0.30




Appendix 12: Distribution of job postings across educational
pathways

Block Code Competency Upper | Post- | Bach | Bachel | Speciali | Ma Integr | Doct
Secon | secon elor or/ zation ster ated oral
dary dary Colle | Profes Engine
Vocat | Vocat ge sional ering
ional ional Master
n (postings) 230 89 403 92 10 | 122 48 29
Sustainabili | ksc_system | Systems-thinking 0.05 0.12 0.86 0.30 040 | 1.11 1.19 1.66
ty (KSC) s
Sustainabili | ksc futures | Futures-thinking 0.02 0.02 0.23 0.08 0.20 | 0.40 0.46 0.86
ty (KSC)
Sustainabili | ksc_values Values-thinking 0.24 0.27 0.36 0.37 0.60 | 0.45 0.40 0.55
ty (KSC)
Sustainabili | ksc_strategi | Strategies-thinking 0.05 0.07 0.67 0.50 1.40 | 0.74 0.81 0.79
ty (KSC) c
Sustainabili | ksc_interpe | Inter-personal 1.05 0.71 1.71 1.18 1.70 | 1.73 1.79 1.76

ty (KSC) rsonal

Sustainabili | ksc_intrape | Intra-personal 0.21 0.09 0.43 0.10 0.00 | 0.50 0.56 0.24
ty (KSC) rsonal

Sustainabili | ksc_imple Implementation 0.28 0.73 1.23 1.24 1.80 | 1.24 1.27 0.93

ty (KSC) mentation

Sustainabili | ksc_proble Integrated 0.40 0.60 1.22 0.63 1.10 | 1.32 1.44 1.31

ty (KSC) msolving problem-solving

Technical tec_pv_desi | PV design & 0.11 0.25 0.02 0.87 0.90 | 0.05 0.04 0.17

(PV) gn dimensioning

Technical tec_pv_inst | PV installation 0.43 1.26 0.02 0.50 0.50 | 0.02 0.00 0.00

(PV) all

Technical tec_om Operation & 0.55 1.03 0.40 0.45 0.50 | 0.40 0.23 0.14

(PV) maintenance

Technical tec_project | Project 0.15 0.15 0.33 1.18 1.60 | 0.36 0.50 0.24

(PV) _dev development

Technical tec_storage | Energy storage 0.40 0.07 0.07 0.13 0.40 | 0.19 0.08 0.24

(PV)

Technical tec_grid Grid integration 0.06 0.19 0.31 0.52 0.70 | 0.70 0.58 0.17

(PV)

Technical tec_safety Electrical safety & 0.79 1.40 0.88 0.96 0.80 | 0.98 0.92 0.24

(PV) standards

Digital dig_commu | Communication & 1.29 0.76 1.72 1.14 1.60 | 1.61 1.69 1.59
nication collaboration

Digital dig_data Data handling 0.36 0.62 1.15 0.76 1.00 | 1.06 0.96 1.38

Digital dig_ict Business ICT 0.34 0.45 0.88 0.73 1.00 | 0.48 0.54 0.07




Digital dig_project | Project 0.32 0.57 1.36 1.36 1.70 | 1.34 1.44 0.76
_mgmt management

Digital dig_progra | Programming 0.05 0.15 0.57 0.16 0.00 | 0.78 0.69 0.90
mming

Digital dig_scada Monitoring & 0.08 0.27 0.35 0.16 0.20 | 0.48 0.29 0.10

SCADA




