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Abstract. Accelerating organizational decarbonization demands more than policy ambition, it requires
practical, scalable tools and the human expertise to deploy them. This paper presents a holistic framework
combining an energy transition methodology, decarbonization audit tools, and targeted training programmes
for energy professionals across multiple sectors. Drawing on results from a European-funded project
implementation, a replicable, evidence-based model for institutional capacity building is demonstrated,
addressing the persistent gap between EU climate targets and on-the-ground organisational capability. The
framework enables companies to independently design, execute and sustain decarbonization strategies,
shifting organizations from compliance-driven inaction to self-directed climate leadership. Results confirm
measurable improvements in energy efficiency outcomes and audit quality, offering a transferable blueprint

for accelerating the industrial energy transition at scale.

1. Introduction

The European Union has positioned itself at the
forefront of global decarbonization efforts through an
ambitious and increasingly binding legislative
architecture. European Green Deal established the
overarching political commitment to climate neutrality
by 2050 [1], while Fit for 55 package translated this
commitment into a comprehensive set of legislative
instruments targeting a minimum 55% net greenhouse
gas emissions reduction by 2030 compared to 1990
levels. This package represents the most far-reaching
regulatory overhaul of EU energy and climate policy to
date, affecting virtually every sector of the economy
and, critically, every category of economic actor
operating within the single market.

1.1. Policy context and regulatory framework

European regulatory landscape for organizational
energy management is currently defined by a synergistic
policy architecture, most notably through the recast of
Energy Efficiency Directive (EED) and Energy
Performance of Buildings Directive (EPBD). EED
significantly strengthens the "energy-efficiency-first"
principle by introducing binding energy efficiency
targets and more stringent annual energy savings
obligations for Member States, including a specific
mandate for public sector bodies to achieve an annual
energy consumption reduction of 1.9% and to renovate
at least 3% of the total floor area of publicly owned
buildings each year [2], [3]. Concurrently, 2024 recast
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of the EPBD targets a fully decarbonized building stock
by 2050, mandating zero-emission standards for all new
constructions by 2030 while setting a 2040 deadline for
the progressive phase-out of fossil fuel boilers [4].
These directives necessitate the development of national
renovation plans and passport schemes that integrate
financial and technical support to meet specific
indicative milestones and measurable progress
indicators [5]. Anchoring these sector-specific mandates
is the EU Taxonomy Regulation, which provides a
standardized classification system for sustainable
investments, setting technical benchmarks such as a
requirement for energy performance certificates to be
within the top 15% of national stocks. For entities
subject to the Corporate Sustainability Reporting
Directive (CSRD), aligning with these Taxonomy
thresholds is a mandatory disclosure requirement that
directly influences access to sustainable finance,
stakeholder  confidence, and overall market
competitiveness [6], [7].

Taken together, these instruments form a coherent
and mutually reinforcing policy framework for the
European energy transition. The Fit for 55 package sets
the decarbonization trajectory, the recast EED and
EPBD translate it into sectoral obligations, and the EU
Taxonomy directs investment towards compliant
activities. Yet despite this clear and binding framework,
a central question remains: do implementing
organisations have the capacity to deliver it effectively?
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1.2.ldentified market need

The structural challenge confronting the European
energy transition is not primarily legislative, but
operational. A growing body of evidence points to a
significant and widening gap between the ambition
embedded in the regulatory framework and the actual
organizational capacity of the entities expected to
implement it [8], [9], [10], [11]. This gap manifests most
acutely in three categories of actors: small and medium-
sized enterprises (SMEs), public sector organizations,
and local utilities and energy service providers. SMEs
constitute over 99% of all enterprises in the EU and
account for approximately two-thirds of total
employment and more than half of the value added
generated by the non-financial business economy [12].

SMEs remain disproportionately underserved by
existing energy transition support mechanisms despite
their significant contribution to aggregate energy
consumption and carbon emissions. Most lack dedicated
energy management personnel, have limited awareness
of regulatory obligations affecting their supply chains,
and face structural barriers to accessing qualified
advisory services. Public authorities face a dual
challenge: while the recast EED and EPBD impose
direct obligations regarding building renovation and
energy management, implementation is constrained by
limited technical capacity, fragmented responsibilities,
and competing budget priorities. Although EC impact
assessments recognise capacity building as essential to
meeting efficiency and renovation targets, dedicated
support instruments remain uneven across Member
States. Local and regional utilities, meanwhile, face a
transition that extends beyond their traditional
operational mandate, as decarbonising district heating,
deploying smart grids, and integrating energy systems
across electricity, heating, cooling, and transport
requires new planning and implementation capacities
not yet widely established.

A cross-cutting dimension of this capacity gap is the
shortage of professionals with integrated energy
transition skills. While conventional energy audits
remain valuable for baseline assessment, they rarely
address the strategic, financial, and regulatory
dimensions of organisational decarbonization, leaving a
critical need for practitioners capable of combining
technical analysis with EU Taxonomy alignment,
compliance assessment, investment planning, and
measurable decarbonization roadmaps. The absence of
standardised training, certification, and cross-border
recognition for these competencies remains a major
bottleneck in Europe's energy transition.

This paper addresses the identified gap by proposing
an integrated approach to strengthening organisational
capacity for the energy transition, examining how
regulatory convergence under the Fit for 55 framework
creates both the necessity and opportunity to develop
new competency models, training architectures, and
advisory service frameworks for SMEs, public sector
entities, and local utilities. The following sections
present the methodological framework, analyse the
competency landscape through primary and secondary

data, and propose a scalable capacity-building model
aligned with EU climate policy objectives.

2. Methodological design of the
research

The present study follows a structured, multi-stage
approach. Relevant EU policies were first analysed,
followed by a comprehensive literature review to
identify existing gaps and emerging market needs in
organisational capacity building. The research further
examines results generated within EnTRAINER
(Energy Transition Audits towards Decarbonization), a
LIFE Programme project funded under the Clean
Energy Transition sub-programme (Grant Agreement
No. 101076424, December 2022 — December 2025),
analysing how their practical validation supports
capacity building enhancement across organisations in
diverse sectors.

Thus, EU legislative framework proposed diverse
laws, directives and strategic plans to promote, strength
and enhance energy awareness through citizens,
companies, public authorities and other stakeholders, as
they are detailed more in the first chapter of the paper.

From a specialised literature perspective, EU energy
transition policies constitute a fundamental framework
underpinning most research contributions in this field
[13], [14], [15]. A recurring finding is that traditional
energy audits, focused primarily on efficiency and cost
reduction, do not systematically integrate long-term
decarbonization planning. Absence of sufficiently
concrete standards, noting that audits are frequently
reduced to one-off measures without a long-term
decarbonization plan, with conventional reports
remaining narrowly focused on kWh and cost savings
while neglecting strategies for transitioning to low-
emission sources [1]. Johnsson et al. further note that the
EED does not define specific reporting requirements for
energy audits but requires Member States to submit
audit information to national enforcement authorities,
with dedicated platforms encouraged to streamline data
collection [16]. In a complementary approach, it was
evaluated energy audits as a strategic tool for improving
energy efficiency across the EU, identifying
implementation disparities between Member States and
underscoring the need for standardised practices and
stronger policy coordination in pursuit of climate
neutrality [17].

Beyond the shortcomings identified in the literature,
the EnTRAINER project redefines traditional energy
auditing by shifting focus towards medium-term
investment planning and providing organisations with a
clear decarbonization roadmap [18], [19], while its
implementation confirmed additional barriers across the
European energy transition landscape. Despite strong
technical and economic potential, energy efficiency
remains chronically underutilised due to low awareness,
limited financing capacity, fragmented strategies,
inconsistent policy frameworks, and persistent
administrative barriers [20], compounded by a growing
shortage of professionals capable of translating audit
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findings into concrete decarbonization actions with
measurable emissions reductions [21].

3. The EnTRAINER toolbox: a holistic
capacity-building framework

A capacity building plan goes beyond conventional
improvement frameworks by integrating new
competencies, innovative methodological models, and
digital capabilities that render the energy transition self-
sustaining within an organisation. More broadly, it is
defined as the intentional and systematic enhancement
of an organisation's abilities across key dimensions,
including  knowledge acquisition, productivity,
management effectiveness, and skills development [3].
In practice, this is achieved through a combination of
resource acquisition, targeted incentive structures,
technology adoption, and structured staff training
programmes, as illustrated in Figure 1.
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Fig. 1. Main contributors to capacity building

Within this context, the EnTRAINER project,
proposes a structured approach to capacity building
through three mutually reinforcing components: (i) a
new energy transition methodology, (ii) a suite of
digital audit and monitoring tools, and (iii) trainings
and knowledge-sharing platforms [3]. Together, these
elements create a coherent capacity-building
ecosystem toolbox whose design and practical
validation demonstrate its replicability as a transferable
framework for organisations across Europe seeking to
become more sustainable, competitive, and resilient.
Developed by a collaborative consortium of academic
and industry partners from Greece, Italy, Romania, and
Spain, the proposed concept draws on over a decade of
joint expertise in energy transition research and
implementation.

The EnTRAINER Capacity-Building (ECB)
Toolbox was designed as an integrated, multi-
component framework in which each element
complements the others to address the full spectrum of
organisational needs for decarbonization strategy
implementation. Rather than isolated interventions, the
three components, methodology, digital tools, and
training programmes, function as a coherent whole,
ensuring that organisations are simultaneously equipped
with the analytical frameworks, practical instruments,
and human competencies required for a successful
energy transition.

The energy transition methodology constitutes the
foundational pillar of the Toolbox, shifting the paradigm
from conventional energy auditing towards a holistic

approach that delivers a quantified baseline
encompassing energy consumption, CO2 emissions, and
associated costs, alongside an opportunity register, a
staged decarbonization roadmap with defined KPIs, and
a structured monitoring plan (Figure 2) [19], [22]. It
further incorporates standardised templates, a
governance model, and replication guidance for
portfolio-level implementation. Its core outputs, the
Decarbonization Action Plan (DAP), the Multiple
Benefits (MB) concept, and the Decarbonization
Roadmap (DRM), position the methodology as a multi-
benefit instrument applicable to large companies and
SMEs, corporate sustainability and ESG teams, facility
and energy managers, ESCOs, independent consultants,
and public authorities [19], [22], [23], [24].
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Fig. 2. Energy transition methodology process [22]

An essential component of the proposed
methodology is the collective approach of the entire
process. A collective approach means involving all
relevant internal and external stakeholders in the process
so that the energy transition plan reflects not only
technical data, but also real operational needs,
behaviours, constraints or shared priorities. It is
developed through the active involvement of multiple
actors who influence energy use, investment decisions,
operations and organizational change.

To operationalise the methodology in practice, four
dedicated online tools were developed, providing
energy auditors, managers, and sustainability
practitioners with structured support for assessing
energy consumption, identifying efficiency
opportunities, and monitoring performance at
organisational level [25], [26]. These tools translate the
analytical outputs of the energy transition methodology
into actionable, data-driven decision-making
instruments accessible to professionals across diverse
sectors.

Completing the framework, two accredited
Educational and Training (E&T) programmes, one
for energy professionals and one for company-based
energy auditors, were developed in accordance with the
European Qualification Framework (EQF) and the
European Credit Transfer and Accumulation System
(ECTS) [21], [27], [28]. Organised into learning units
covering energy policy and legislation, decarbonization
measures and technologies, evaluation and monitoring
tools respectively financing mechanisms, the
programmes culminate in a practical unit based on real-
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data case studies [18], [21]. The EnTRAINER
Knowledge Hub further supports long-term knowledge
transfer by providing a centralised platform for training
resources, professional networking, and continuous
development [25].

4. ECB toolbox validation

Prior to the full implementation of the methodology in
energy-intensive companies, a strategic energy scan was
conducted across 80 companies from the four countries
involved in the project. The objective of this assessment
was to identify energy-intensive enterprises with both
the operational potential and the willingness to test and
implement the ECB Toolbox. [27].

Across two implementation rounds, a total of 40
companies were assessed in each partner country.
Around 80% of the participating organizations operate in
the manufacturing sector, reflecting the particularly high
decarbonization pressures and energy transition
requirements associated with this industry. [28].

The practical implementation followed a structured
approach applied consistently across the project
consortium, with site-specific adjustments reflecting the
characteristics of each industrial location, as illustrated
in Figure 3. The process was carried out in two
successive rounds: the first served to evaluate the
approach and identify strengths and areas for
improvement; the second applied the validated process
following confirmation of its effectiveness [28].

5.00% 5.00% 2.50%

2.50%
" \"

= Agriculture, forestry and fishing

= Manufacturing
Water Supply: Sewerage: Waste Management and Remediation Activities
Wholesale and retail trade; repair of motor vehicles and motorcycles

= Transportation and storage

= Other Service Activities
Fig. 3. Sectoral distribution of companies engaged in the
EnTRAINER methodology validation [16]

The methodology structures the emissions inventory
by scopes, considering Scope 1 and Scope 2 emissions
[30]. Analysis of the CO- baseline across 40 companies
reveals that 35% emit between 1,001 and 10,000 tCO-eq,
predominantly in Italy and Romania, while 45% emit
below 1,000 tCO:eq, mostly in Greece and Spain.
Regarding decarbonization targets, 31 companies set
2050 as their target year, several aims for earlier dates
ranging from 2026 to 2047, and three companies target
2058.

The central pillar of the energy transition
methodology is the design of a Decarbonization Action
Plan (DAP), a structured document outlining the
measures necessary to achieve decarbonization within a
defined timeframe, tailored to each company's needs, the
auditor's expertise, and the specific operational context.

Among the companies that participated as test sites,
national priorities varied significantly. In Greece,
proposed measures focused on energy efficiency
upgrades through the adoption of modern equipment;
Italian companies prioritised low-cost behavioural
interventions; Spanish sites concentrated on short-term
actions such as lighting retrofits; while Romanian
energy-intensive industries adopted a long-term
perspective, emphasising fuel switching, hydrogen
production, and energy storage as pathways to deep
decarbonization. This diversity underscores the
importance of developing decarbonization strategies
tailored to the specific circumstances of each
organisation rather than applying a one-size-fits-all
approach.

Another key component of the methodology is the
identification of additional quantifiable impacts that
extend beyond conventional energy and cost savings.
These Multiple Benefits (MB) were systematically
linked to the measures proposed in each DAP,
highlighting economic advantages through improved
profitability and faster investment payback, increased
resilience to CO: and energy price volatility, and
enhanced equipment performance through higher
operational efficiency and reduced downtime.

Analysing multiple benefits across sectors reveals
significant  variation in their distribution and
prioritisation, reflecting the distinct needs and strategic
goals of different industries. Considering the measures
outlined in each DAP and their associated MB,
companies can identify the most appropriate financial
support mechanisms available to them, subject to the
national instruments in force in their respective
countries. Across the four partner countries, financing
landscapes differ considerably: Greece relies primarily
on national grants targeting energy efficiency, storage,
and electrification, complemented by loan schemes for
photovoltaic investments; Italy favours fiscal incentives
such as tax credits and White Certificates focused on
energy savings; Romania draws heavily on EU structural
funds, particularly the Modernisation Fund and the
National Recovery and Resilience Plan, to support
renewables and industrial efficiency; while Spain
combines EU instruments with national programmes
administered through IDAE, implemented at regional
level and complemented by mobility-related incentives.

The final stage of the energy transition methodology
is the Decarbonization Roadmap (DRM), a strategic
planning instrument designed to provide clear direction
and tailored support for each company in accelerating the
implementation of its DAP. Experience from the
EnTRAINER project demonstrates that successful DRM
execution depends on six critical aspects: (i) clear
communication of the long-term vision and its
application, (ii) realistic milestone setting, (iii) robust
monitoring and verification (M&V) processes, (iv)
sector-specific adaptation, (v) well-established
financing mechanisms, and (vi) structured internal
coordination across departments.

In clear picture, the cumulative impact of
decarbonization measures implemented across all 40
energy-intensive sites throughout the project is presented
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in Figure 4. A significant difference in performance
among countries, largely driven by variations in
industrial profiles, company sizes, and the scope of
proposed measures were identified.

Implementation of the energy transition methodology
generated a total of approximately 204 GWh/year in final
energy savings and almost 236 GWh/year of renewable
energy generation, demonstrating a substantial shift
toward energy efficiency and clean energy integration.
Romania accounts for the largest share of impact across
all technical indicators, contributing 129.63 GWh/year of
energy savings, 181.9 GWh/year of renewable
generation, and almost 192,600 tCO.eq/year of avoided
emissions. Overall, the interventions resulted in a
cumulative reduction of more than 300,000 tCOzeq/year,
highlighting a significant decarbonization effect.

Final energy savings [GWh/year] Renewable energy generation [GWh/year]

6.67

505 597

GHG emissions [tCO2eq/year] Investments in sustainable energy [mEUR]
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115420 1915

3108

= Greece Italy = Romania = Spain

Fig. 4. Estimated impact of the energy transition methodology.

The growing complexity of energy transition
regulation demands a parallel expansion of human
capital capable of designing and implementing
decarbonization strategies at organisational level. To
address this, EnTRAINER developed accredited E&T
programmes targeting energy professionals and
company-based auditors, delivered through face-to-face
and distance learning and supported by purpose-built
online tools and the EnTRAINER Knowledge Hub.
Across the consortium, a total of 675 participants were
trained [29], as illustrated in Figure 5, with participation
patterns varying considerably across partner countries,
reflecting context-specific demand and differing levels
of institutional readiness. Notably, Romania recorded
strong engagement across both programme editions,
with nearly 50% of participants in the 20—40 age group,
a finding that, together with the overall uptake, confirms
that the capacity gap identified is not merely
institutional, but fundamentally human [18].
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Fig. 5. Distribution of E&T Programme participants across
partner countries

A key aspect of the training programs was the
collective approach to energy transition projects. The
content of the two programs allowed to level the level of
knowledge in the field of decarbonization of the main
stakeholders who have an impact on the implementation
of the measures proposed in the DAP and DRM. During
the E&T program, energy professionals became aware
of the importance of implementing such a process in a
collective manner that will produce effects on all
structures of an organization. Also, materials received
within these programs can constitute the basis for
dedicated trainings within each organization.

Practical implementation of ECB Toolbox and its
measurable impact at organization level demonstrate
significant exploitation potential across complementary
pathways. Commercially, the energy transition
methodology supports consulting services, energy
performance contracting and portfolio-level
decarbonization screening, while the training
programmes enable fee-based courses, corporate
academies and trainer licensing. Non-commercially, the
framework can be disseminated through open-access
tools, scientific publications, and integration into
educational curricula aligned with ISO 50001, with the
Knowledge Hub reinforcing skills and knowledge
transfer across academic and professional networks.
Beyond the consortium, the ECB Toolbox strengthens
institutional capacity building across a broader
ecosystem, equipping SMEs, municipalities, financial
institutions and policymakers with operational
instruments, monitoring platforms and structured
decarbonization roadmaps that improve decision-
making quality and reduce implementation risks (Table
1.) [30].

Table 1. External stakeholder capacity building impact

Stakeholder Mechanism Impact
Energy Transition Faster
SMEs & dedicated tools and | decarbonization and
Companies .. .
tramnings energy savings
Policy frameworks .
T . Improved climate
Municipalities and monitoring
governance
tools
Financial Risk tools and Growth of green
Sector ESG capacity investments
Technology Digital solutions Scalable innovation
& ESCOs and pilots uptake
Academia & . Cumc.ulum Long-term
. integration and s .
Policymakers . institutional capacity
policy tools
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