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ABSTRACT

Energy efficiency is crucial for sustainable energy transitions, supporting global climate and energy goals.
This paper presents a standardized framework for top-down assessment of future energy efficiency policies using
the ODEX methodology, addressing critical gaps in evaluating and comparing policy impacts across Europe. By
harmonizing key data on energy consumption, policy measures, and target alignment, the framework ensures
consistency, reliability, and comparability, fostering more effective strategies.

A key innovation is integrating ex-ante (forecasting) and ex-post (retrospective) evaluations into a single
framework. This dual approach illuminates both past performance and future impacts, providing insights into
drivers of energy savings and the alignment of national efforts with broader objectives. It also underscores how
policy choices and market factors interrelate, informing strategic decisions and refining policy design across the
European Union. The paper outlines the methodology’s core components, including recent advancements in the
ODEX approach, primary data sources, and practical applications in selected EU countries, such as Croatia and
Slovenia. These case studies illustrate the framework’s capacity to detect inefficiencies, identify emerging trends,
and offer actionable recommendations for policy improvement. In addition, the research highlights the
framework’s scalability and potential replication across diverse national contexts and at the EU level.

By bridging the gap between historical performance and future planning, this robust, scalable
methodology addresses the urgent need for reliable tools to evaluate and monitor energy efficiency policies.
Ultimately, it supports the development of harmonized, evidence-based approaches, bolstering national
capacities to meet ambitious energy efficiency targets and advancing broader climate and sustainability
objectives.
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Introduction
Background and Importance of Energy Efficiency (EE)

Building upon a diverse body of empirical and theoretical literature, this study advances the hypothesis
that future progress in energy efficiency is best achieved through a systemic and integrated approach that
combines technological innovation, targeted policy design, and behavioural change mechanisms. This hypothesis
reflects growing recognition in the academic and policy domains that isolated interventions are insufficient to
close the persistent efficiency gap observed across sectors and Member States.

Energy efficiency continues to play a central role in sustainable energy transitions, supporting global
climate and energy objectives. It has long been regarded as a cornerstone of climate mitigation, energy security,
and sustainable economic progress as highlighted in (Filippini et al., 2014), (Horowitz & Bertoldi, 2015). Within
the European Union (EU), policymakers have enacted a series of legislative measures, including the Energy
Efficiency Directive (EED), to accelerate efficiency improvements across multiple sectors (Economidou et al.,
2022); (Malinauskaite et al., 2019). According to (Horowitz & Bertoldi, 2015), these measures are grounded in
the principle that efficient technologies, building standards, and industrial processes can substantially curb
energy use and lower greenhouse gas (GHG) emissions. Yet, despite the demonstrable benefits of energy
efficiency, an efficiency gap persists in nearly all Member States signifying the difference between the availability
of cost-effective solutions and the relatively modest degree to which they are actually adopted (Bukarica & Robic,
2013); (Pusnik et al., 2017).

Multiple factors contribute to this gap. Authors (Bukarica & Tomsi¢, 2017), for instance, highlight how
incomplete or asymmetric information can dampen stakeholders’ motivation to invest in more efficient
solutions. Filippini et al.,, 2014, further argue that, even when solutions are demonstrably cost-effective,
incentives often remain insufficient to trigger behavioural change. In certain industrial subsectors, heterogeneity
in energy intensities and production timelines complicates the application of uniform efficiency policies (Pusnik
et al., 2017). Moreover, research papers (Malinauskaite et al., 2019) and (Malinauskaite et al., 2020) highlight
the energy efficiency in industrial sector and note that mandated energy audits and performance standards,
though beneficial, require adaptation to local contexts in order to avoid patchy or superficial implementation.

A growing body of research underscores that policy innovations must be agile enough to navigate diverse
socioeconomic and regulatory contexts. For instance, (Reuter et al., 2020) find that behavioural biases, such as
risk aversion or habitual consumption, may inhibit the uptake of otherwise cost-competitive energy investments.
Authors (Brugger et al., 2021) emphasize the importance of leveraging digitalization and evolving consumer
patterns, like telework or shared mobility, to further scale energy savings. From a governance perspective,
(Mandel & Patd, 2024) highlight how demand-side measures and implementation of the energy efficiency first
principle can compete effectively with large-scale supply-side investments. Zhou et al., 2024, similarly show that
large public buildings often remain inefficient, illustrating how high upfront costs and fragmented policy
implementation hamper long-term improvements in energy efficiency and savings in building sector.

Research also reveals that energy efficiency initiatives can intersect with broader energy-sector trends
and market forces. Guarascio et al., 2025, note that Europe’s energy vulnerability and high import dependency
underscore the cost-effectiveness of reducing demand, while (Li et al., 2024) stress that ambitious climate actions
can spill over into domains such as energy poverty and affordability. In another study, (Karakaya et al., 2024)
caution that efficiency gains can induce rebound effects, where improved efficiency prompts heightened overall
consumption, partially undermining intended savings. Azizi et al., 2024, further report that, while efficiency can
reduce CO, emissions in the power sector, it must be paired with supportive policies such as renewable
promotion and carbon pricing. In parallel, (Chu et al., 2024) examines macroeconomic factors like shadow
economies and economic sophistication, showing how they shape energy intensity outcomes.

Despite these complexities, the core rationale for energy efficiency remains strong. Bashmakov et al.,
2024, suggest that compact meta-models can successfully estimate the multi-faceted impacts of efficiency
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policies, offering valuable guidance to policymakers. Author (von Malmborg, 2023a) similarly explores policy-
learning dynamics, emphasizing that iterative feedback from governments and stakeholders can refine strategies
to close the gap. Papantonis et al., 2022, underscore that fragmented regulatory landscapes can hinder cross-
border collaboration, thereby slowing the broader uptake of efficiency measures. Addressing these hurdles may
entail better integration of efficiency policies with other decarbonization pathways, most notably, renewables
deployment (Gonzalez-Torres et al., 2023).

Filippini et al., 2014, (Cahill et al., 2010), (Horowitz & Bertoldi, 2015) and (Boonekamp, 2006) emphasize
the critical role of monitoring and evaluation methods ranging from economy-wide indicators (e.g., ODEX) to
bottom-up analyses (e.g., stochastic frontier approaches) in discerning whether observed efficiency gains result
from genuine improvements or broader structural shifts. Furthermore, there is also the need to distinguish
policy-induced energy efficiency improvements from those arising through market-driven mechanisms or
broader structural shifts.

Moreover, a more nuanced understanding of residential energy demand, as proposed by (Filippini &
Hunt, 2012), highlights how frontiers of efficiency can be identified through stochastic analysis, offering deeper
insights into the true potential for reducing consumption. Similarly, (Reuter et al., 2021) demonstrate the value
of combining top-down indicators with bottom-up policy evaluations to capture the complexity of space heating
demands in residential buildings. From a policy perspective, recent studies by (von Malmborg, 2023a, 2023b)
illustrate the ways in which advocacy coalitions and learning processes can shape pivotal legislative decisions,
such as adopting the ‘energy efficiency first’ principle across various economic sectors. By aligning robust
technical and socioeconomic frameworks, EU policymakers and stakeholders can better match ambitious climate
goals with the realities of national energy systems. This approach not only supports energy and environmental
objectives but also fosters economic resilience and social welfare across the European continent.

A novel contribution of this study lies in the application of the ODEX methodology to both ex-post
(historical) and ex-ante (projected) assessments of energy efficiency. While ODEX has been widely used for
retrospective policy evaluation, its extension to forward-looking scenarios represents a methodological
innovation. This dual application enables a consistent framework for comparing past performance with
anticipated future impacts, thereby enhancing the analytical basis for long-term policy planning.

Research Objectives and Scope

The overarching objective of this research is to develop and apply a robust, standardized framework for
assessing energy efficiency (EE) policy impacts using the ODEX methodology, focusing on both ex-ante
(forecasted) and ex-post (historical) evaluations. By bridging the gap between observed performance data and
prospective scenarios, tThe study aims to offer a comprehensive tool for policymakers, analysts, and other
stakeholders to better understand how EE measures contribute to national and EU-level climate and energy
targets. Furthermore, this research explores how integrating technical and gross indicators can more accurately
capture the influence of technology-driven improvements, structural shifts, and behavioural changes on overall
energy consumption trends.

The scope of this study extends across the major final energy consumption sectors, namely industry,
transport, households, and services, covering diverse regional and national contexts within the European Union.
Sectoral disaggregation serves two purposes: it helps identify which areas offer the greatest potential for further
EE improvements and clarifies how policy interventions can be tailored to achieve maximum impact. In doing so,
the research addresses existing data and methodological disparities among Member States, illustrating how a
harmonized, flexible approach can accommodate differences in data availability and granularity.

Ultimately, the framework and findings presented here are intended to guide evidence-based policy
design and evaluation, highlighting best practices in data harmonization, projection modelling, and cross-country
benchmarking. By providing actionable insights, the study contributes to ongoing efforts to scale up energy
savings, meet the ambitious targets set out in the European Energy Efficiency Directive, and support broader
climate objectives, including decarbonization and sustainable economic growth.




The remainder of this paper is structured as follows. The following section outlines the purpose of the
study and the motivation for applying the ODEX methodology in both ex-ante and ex-post evaluations. The
subsequent section, Methodology, details the analytical framework, data sources, and calculation procedures
employed to assess energy efficiency trends. The section Results and Discussion presents empirical findings from
the case studies of Slovenia and Croatia, focusing on sectoral dynamics, policy impacts, and comparative insights.
Finally, the paper concludes with the section Conclusion, which summarizes the main findings and outlines
recommendations for future research and policy development.

Significance of ODEX Methodology in EE Policy Assessment

The ODEX (ODYSSEE Energy Efficiency Index as presented in (Lapillonne, 2020)) methodology serves as
a standardized, top-down framework for monitoring and evaluating energy efficiency (EE) policies within the
European Union. In Energy Efficiency Directive (EU) 2018/2002 (European Parliament and the Council, 2018) and
Directive (EU) 2023/1791 (European Parliament and the Council, 2023) stipulates binding energy-saving
obligations for Member States, noting the necessity of reliable evaluation methods to ensure that efficiency
measures deliver tangible benefits. The subsequent European Green Deal (European Commission, 2019) further
emphasizes energy efficiency as an essential strategy in the drive toward climate neutrality by 2050. By providing
harmonized data and transparent benchmarks, the ODEX is recognized within these initiatives for its utility in
verifying whether actual efficiency gains align with policy objectives.

In addition, the ODYSSEE-MURE Project established the ODEX as an integral component of a broader EU-
wide system for policy evaluation and cross-country comparisons. Through this platform, policymakers and
stakeholders gain access to in-depth analyses and methodological guidance, ensuring that energy-saving
achievements can be tracked. As a result, the ODEX serves not only as a diagnostic measure of progress, but also
as an instrument for informed decision-making, contributing to the EU’s overall endeavour to reduce energy
consumption and greenhouse gas emissions.

By isolating technology-driven efficiency gains from structural or behavioural shifts, ODEX offers a robust
measure of genuine improvements across industry, transport, residential, and service sectors. ODEX cannot
separate policy induced savings from autonomous progress, but provides information on total aggregated
savings. Unlike conventional energy intensity indicators (e.g., energy consumption per unit of GDP), ODEX
focuses on changes in specific energy consumption expressed in physical units, thus providing a more accurate
assessment of energy efficiency advancements (Lapillonne, 2020).

A key strength of ODEX lies in its disaggregation capability, enabling detailed examinations of sub sectoral

trends (e.g., residential heating vs. industrial processes). Additionally, the methodology distinguishes between
gross (apparent) and technical efficiency gains, allowing analysts to account for non-technical influences on
energy use. This distinction underpins a more nuanced interpretation of observed changes and the identification
of genuine technological improvements (Lapillonne, 2020).
ODEX also enhances cross-country comparability by harmonizing data and methodologies, thereby facilitating
benchmarking of EE measures among EU member states. Through its mathematical framework, the index can be
converted into aggregated energy savings, supporting monitoring obligations under directives such as the Energy
Efficiency Directive (EED). As a result, ODEX provides policymakers with a reliable tool for ex-post evaluation,
strategic planning, and ensuring alignment with broader EU decarbonization objectives (Lapillonne, 2020).

Methodology

Overview of the ODEX Methodology

The ODEX (ODYSSEE Energy Efficiency Index) as described in (Lapillonne, 2020) is a sectoral composite
indicator designed to quantitatively evaluate the progress of energy efficiency across major final energy
consumption sectors namely, industry, transport, households, and services, within the European Union.
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Developed as part of the ODYSSEE-MURE initiative, the ODEX facilitates top-down policy monitoring by
integrating a harmonized framework for measuring sectoral performance in terms of energy efficiency
improvements.

Methodologically, ODEX is constructed as a weighted aggregate of sub-sectoral indices, each
representing variations in specific energy consumption over time. These specific consumption indicators are
expressed in physical units (e.g., kWh/year per appliance, toe/m? for heating, litres per 100 km for transport
modes) and are selected to serve as proxies for energy efficiency changes, independent of macroeconomic
distortions. The weighting structure is based on the relative share of each sub-sector in the total final energy
consumption of the corresponding sector, ensuring representativeness and comparability across different
energy uses.

To mitigate short-term volatility due to exogenous factors such as climatic variability, economic
downturns, or statistical inconsistencies, ODEX is calculated using a three-year moving average. This approach
enhances the stability of the indicator and better captures underlying trends driven by technological and
behavioural transformations.

ODEX exists in two principal forms: the gross (or regular) ODEX and the technical ODEX. The gross ODEX
reflects observed trends in specific consumption, including variations resulting from operational inefficiencies,
user behaviour, and structural shifts. In contrast, the technical ODEX isolates pure technological advancements
by neutralizing instances of increased specific consumption that are not attributed to efficiency improvement
(e.g., under-utilization of industrial equipment during economic recessions or increased appliance size in
households). This distinction is essential for disentangling apparent efficiency regressions from genuine
technological stagnation or decline. Quantitatively, an ODEX value of 90 implies a 10% improvement in energy
efficiency relative to the base year, conventionally set to 100. Energy savings attributable to efficiency gains can
be derived from the ODEX using the expression (Lapillone, 2020):

ODEX;_4
ESe = Ee x [( ODEX, )_ ]

(equation 1)

where ES; denotes energy savings and E; is the observed energy consumption in year t. This formulation
permits the translation of index variations into absolute energy saving metrics, aligning with top-down evaluation
methodologies. In line with ODYSSEE methodology the calculation is based on a sliding base year, which means
that energy efficiency gains are measured in relation to the previous (projected) year.

Compared to conventional energy intensity indicators (e.g., energy per unit GDP or value added), the
ODEX offers a more accurate and policy-relevant representation of energy efficiency, as it excludes structural
and economic effects not directly associated with technical efficiency improvements. As such, ODEX represents
one of the analytical tools for evidence-based policymaking, enabling the assessment of historical trends,
benchmarking across member states, and informing future energy efficiency strategies in support of EU climate
and energy objectives.

The primary aim of this research is to evaluate the applicability of the ODEX methodology a widely
recognized tool for assessing the impacts of energy efficiency policies and measures on historical energy
consumption trends for the forward-looking assessment of future policy impacts on energy use trajectories. By
applying this methodology, we expect to gain valuable insight into how energy efficiency strategies might
influence long-term energy trajectories, underscoring the importance of implementing new policies and
measures. The analysis presents ex-ante estimates of energy savings, which are subsequently compared with ex-
post savings data drawn from the ODYSSEE-MURE project, thereby illuminating the level of ambition anticipated
for the 2022-2030 period.

For this study, also average yearly energy savings in the industry, transport, household, and services
sectors for the period 2015-2022 were obtained from the ODYSSEE database for both Slovenia and Croatia,
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fostering the ex-post component of the proposed approach. Since the database reports cumulative annual
savings relative to the base year 2000, the total savings for the 2015-2022 period were calculated by subtracting
the cumulative value from 2014 from that of 2022. This method offers a more accurate view of how energy
efficiency policies implemented in the past have contributed to actual savings and serves as a foundation for
evaluating the potential impact of future measures.

Key Data Sources

Estimating the effects of energy efficiency policies demands access to comprehensive and granular
datasets. In particular, the ODEX index calculation relies on detailed energy consumption data that differentiate
consumption by industrial subsectors, transport modes, specific end uses within the residential sector (e.g.,
space heating, water heating, and appliances), and various subsectors within the services sector. Alongside these
energy consumption data, robust sectoral activity indicators are needed to calculate specific energy consumption
and, ultimately, estimate the influence of efficiency measures on energy use trends.

For the industrial sector, production indices or value-added metrics can serve as viable proxies for
activity. In transport, disaggregated data on passenger and freight activity per mode (e.g., road, rail, air, and
maritime) are necessary to delineate energy consumption patterns. Residential energy consumption is typically
correlated with building characteristics (e.g., floor area, number of buildings, and occupancy profiles), while in
services, indicators such as total floor area or employee counts are commonly used to capture variations in
energy demand.

These requirements pose significant data collection and harmonization challenges, particularly when
different countries employ a range of modeling approaches with varying levels of disaggregation and
computational complexity. Within this context, the streamSAVE+ project aims to improve the granularity and
reliability of data used for national energy savings estimates. Slovenia and Croatia provided detailed data in
support of this initiative, drawn in part from the modeling work conducted during the preparation of their
National Energy and Climate Plans (NECPs). By adopting the ODEX methodology which permits flexibility in the
selection of specific energy and activity indicators researchers can accommodate the heterogeneity in data
availability across countries while preserving methodological consistency. Although variations in national
datasets inevitably influence the results, the application of a harmonized methodology enables these effects to
be more clearly identified and interpreted through the analysis of intermediate ODEX components.

Slovenia and Croatia were selected as case studies due to the availability and quality of the necessary
input data. In addition, these countries provide a compelling comparative context given their shared historical
background. This common starting point allows for a meaningful examination of their divergent energy efficiency
trajectories and future policy plans within the framework of EU climate and energy targets.

To construct bottom-up estimates of energy savings, models must derive consumption levels from
activity data in conjunction with assumptions about the effectiveness and coverage of various policies and
measures. This bottom-up approach enables a fine-grained analysis of how sector-specific interventions (e.g.,
industrial process optimizations, building refurbishments, or modal shifts in transport) contribute to aggregate
energy consumption trends.

In this study, the research team employed a standardized data template based on the ODYSSEE
framework, specifying the necessary disaggregated consumption and activity data. This template also outlined
various options for populating specific energy consumption indicators, granting countries flexibility to
incorporate whichever indicators best reflected their available data.

The estimation of energy savings involved combining actual 2022 data with forward-looking projections
for 2030, 2040, and 2050. Actual data for 2022 were extracted from the ODYSSEE database, while the projections
stemmed from national modeling exercises (The Ministry of the Environment, 2024) and official planning
documents. Detailed data on projected energy consumption and associated activity indicators were collected
within the framework of the streamSAVE+ project by national partners the Energy Institute Hrvoje Pozar (EIHP)
in Croatia and the JoZef Stefan Institute — Centre for Energy Efficiency (1JS-CEU) in Slovenia. The primary data
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sources consist of national energy projections developed for the preparation of the most recent National Energy
and Climate Plans (NECPs), submitted in 2024/2025. Merging these datasets can give rise to discrepancies, as
baseline assumptions, data collection methods, and modeling conventions may differ between ex-post
observations and ex-ante forecasts. To mitigate these inconsistencies and avoid erratic outcomes, the research
team aligned the baseline data by comparing the base-year values in the projections with the empirical 2022
data. Where necessary, adjustments were made to the actual data, or to the projection baseline, to achieve
greater consistency. This meticulous calibration process is critical for ensuring that subsequent estimates of
policy impacts credibly reflect real-world trends and realistic forecasts of future energy use.

Analytical Framework and Metrics for Policy Assessment

The ODEX methodology enables the isolation of structural effects from energy savings calculations, thus
providing more precise estimates of the impacts of energy efficiency policies and measures. The calculation
procedure used in this study is outlined below:

1. Calculation of Specific Energy Use: for each sector, specific energy use indicators were determined based
on the available datasets. Table 1 presents examples of the specific energy use definitions employed
across industry, transport, households, and services.

2. Derivation of Unit Consumption Indices: unit consumption indices UC; ; were computed by normalizing
specific energy use data to a base year 2022. Each index thus reflects the relative change in energy
intensity for subsector i compared to the base year.

3. Sectoral ODEX Computation: the ODEX index for a given sector (/) is calculated by weighting the unit
consumption indices by the respective shares of subsector energy consumption (EC;;) in the total

. . N P
sectoral energy consumption. Specifically, the ratio % is given by:
t

Iy—q UCi¢—
Rt E EC;, X (—%
I i ( UC;: )

(equation 2)

Where UC;; is the unit consumption index for subsector i at time t, and UC; ;_, is the corresponding
index from the previous year. By inverting this ratio, it is possible to derive value at year t.

4. Normalization and Future ODEX Values: the ODEX for 2022 is set to 100, and values of ODEX for
subsequent years are obtained by multiplying the previous year’s ODEX by I;/I;_; calculated from
projection values. Year t is representing 2025, 2030, 2040 and 2050 so index improvement is calculated
comparing two subsequent years. This iterative approach yields a time series of ODEX values across the
projection horizon.

5. Estimation of Energy Savings: energy savings ES; are derived by combining the sectoral ODEX index
values with the observed (or projected) sectoral energy consumption E;:

ODEX;_4
ESe =B x [( ODEX, )_ ]

(equation 3)

In this expression, ES; represents the estimated energy savings achieved between years t-1 and t, and
E; denotes the total sectoral energy consumption at year t.




Table 1. Sectoral activity data used in the calculation of specific energy use.

Sector Specific energy use definition

- Energy consumption of each branch per production index of the branch

Industry [ktoe/prod. index]

- Passenger cars: energy consumption per passenger-kilometer [ktoe/Mpkm] or vehicle
kilometer [ktoe/Mvkm]

- Buses: energy consumption per passenger-kilometer [ktoe/Mpkm] or vehicle
kilometer [ktoe/Mvkm]

Transport - Motorcycles: energy consumption per number of vehicles [toe/vehicles] or vehicle
kilometer [ktoe/Mvkm]

- Trucks: energy consumption per road-freight tone-kilometer [ktoe/Mtkm]

- Rail: energy consumption per combined passenger and freight rail activity
[ktoe/Mtkbr], with passenger-km and tone-km weighted appropriately®

- Heating: energy consumption per building surface area [ktoe/Mm?]

Households - Other end uses (e.g., water heating, cooking, cooling, major appliances, and lighting):
energy consumption per dwelling [toe/dwelling]
Services - Energy consumption per building surface area [ktoe/Mm?]

Data from Slovenia and Croatia were gathered to illustrate the application of the ODEX-based analytical
framework under real-world conditions. Specifically, country-specific energy consumption and activity data were
extracted and harmonized to enable both cross-country comparison and sectoral analysis.

The activity data used in this analysis were originally developed to support the preparation of the
National Energy and Climate Plans (NECPs), based on national energy modelling frameworks. For Slovenia, the
energy projections for NECP were produced by the Jozef Stefan Institute using the MESAP REES-SLO2 model,
while for Croatia, the projections were developed by the Energy Institute Hrvoje PoZar (EIHP) employing the LEAP
(Long-range Energy Alternatives Planning) model.

Table 2 provides detailed activity input data for Slovenia, encompassing multiple economic sectors such
as industry, transport, households, and services. The values, expressed in metrics like million euros (2015
constant prices) and floor area in square meters, serve as essential indicators for modelling and forecasting
energy demand. Notably, certain industrial subsectors (e.g., food, beverage and tobacco) show missing figures,
reflecting the ongoing challenges in gathering comprehensive and standardized data. Meanwhile, subsectors like
paper, pulp and printing products or non-metallic minerals present clear upward trajectories, suggesting steady
growth in production activities over the coming decades.

Beyond industry, Table 2 illustrates a dynamic transport landscape, evidenced by the projected changes
in the number of vehicles and vehicle-kilometres travelled. Similarly, the data point to moderate but consistent
increases in housing surface area and the number of dwellings highlighting the pace of new construction and the
potential need for energy efficiency upgrades.

In services, expanding floor areas may indicate broader economic shifts and a growing demand for
commercial or public-sector facilities. These trends collectively inform national policy directions, highlighting
areas where targeted efficiency measures or technological innovations can yield the greatest impact on energy
consumption and emissions reduction.

1 tkbr is combined passenger and freight rail activity — tkm are multiplied by 2.5 and pkm are multiplied by 1.7.




Table 2. Activity input data for Slovenia.

‘ 2022 2030 2040 2050
Industry
Food, beverage and tobacco [M EUR 2015] NA NA NA NA
Textile [M EUR 2015] NA NA NA NA
Wood [M EUR 2015] NA NA NA NA
Paper, pulp and printing products [M EUR 2015] 100 105 108 111
Chemicals [M EUR 2015] 100 112 117 121
Non-metallic minerals [M EUR 2015] 100 114 120 126
Primary metals [M EUR 2015] 100 91 108 109
Machinery & metal products [M EUR 2015] NA NA NA NA
Transport vehicles [M EUR 2015] NA NA NA NA
Other manufacturing industries [M EUR 2015] 100 130 149 165
Mining and construction [M EUR 2015] 100 137 161 179
Mining [M EUR 2015] NA NA NA NA
Construction [M EUR 2015] NA NA NA NA
Total industry [M EUR 2015] 100 115 127 135
Transport
Cars [Mvkm] 23.4 25.4 24.7 23.9
Buses [Mckm] 3.15 5.99 6.89 7.78
Motorcycles [1000 veh] 155.1 172.4 166.6 167.6
Trucks [Mvkm] 10.1 11.3 12.2 13.0
Rail [Mtkbr] 134 204 22.8 25.3
Households
Surface area [Mm2] 67.6 71.6 74.5 77.4
Number of dwellings [000 units] 792 820 831 842
Services
Floor area [ (Mm2] | 2474 | 2899 | 3534 43.07

Table 3 shows the activity input data for various sectors in Croatia. These figures reflect base year
(statistical data for 2022) and projected values (2030, 2040 and 2050), thereby enabling analysts and
policymakers to model energy consumption trends over time.

The data in Table 3 also underscore the importance of tailoring policies to sectoral needs, highlighting,
for instance, the distinct activity patterns in industry, or the contrasting transport modes of cars, buses, and
motorcycles. Such insights are particularly valuable when integrating top-down approaches (e.g.,
macroeconomic analyses) with bottom-up data (e.g., energy audits at the facility level). By combining these
perspectives, decision-makers gain a nuanced view of how each sector’s structure and growth trajectory can
influence overall energy demand.

This, in turn, assists in designing targeted interventions such as fiscal incentives, regulatory mandates,
and information campaigns to stimulate greater uptake of efficiency solutions. Moreover, these projections
inform national and EU-level planning, ensuring that energy and climate policies remain both responsive to
evolving circumstances and aligned with long-term decarbonization goals.




Table 3. Activity input data for Croatia.

2022 2030 2040 2050
Industry
Food, beverage and tobacco [M EUR 2015] 1476 1987 2290 2854
Textile [M EUR 2015] 372 456 477 533
Wood [M EUR 2015] 316 392 452 564
Paper, pulp and printing products [M EUR 2015] 519 451 519 647
Chemicals [M EUR 2015] 394 530 489 457
Non-metallic minerals [M EUR 2015] 626 479 529 629
Primary metals [M EUR 2015] 74 64 67 76
Machinery & metal products [M EUR 2015] 1974 1909 2445 3351
Transport vehicles [M EUR 2015] 332 318 428 609
Other manufacturing industries [M EUR 2015] 596 764 776 837
Mining and construction [M EUR 2015] 2868 3254 3751 4675
Mining [M EUR 2015] 95 210 242 301
Construction [M EUR 2015] 2773 3045 3509 4374
Total industry [M EUR 2015] 9545 10604 12223 15233
Transport
Cars [Mvkm] 22.6 22.5 22.2 23.3
Buses [Mckm] 0.3 0.2 0.2 0.2
Motorcycles [1000 veh] 155.7 158.5 162.5 163.1
Trucks [Mvkm] 5.0 4.7 4.8 4.9
Rail [Mtkbr] 10.2 10.2 10.2 10.2
Households
Surface area [Mm2] 146.2 130.0 134.3 138.9
Number of dwellings [000 units] 1650 1436 1465 1498
Services
Floor area | [Mm2] | 767 84.8 93.9 101.8

Table 4 lists the energy input data for Slovenia’s industrial, transport, household, and services sectors,
thereby offering an overview of current and projected energy consumption through 2050. The table is organized
by subsector, illustrating both the diversity of energy requirements and the potential gaps in data availability
(denoted as “NA”). For instance, while subsectors like paper, pulp and printing products and chemicals have
clearly defined trajectories, other subsectors, such as textiles or machinery & metal products, show missing
values for the near and long term. Such data gaps highlight the challenge of gathering sector-specific energy
usage information, often due to methodological or reporting inconsistencies. In the Slovenian case, energy
intensive industrial branches are modelled separately while other branches are modelled in an aggregate way,
hence the lack of data for those industries. Beyond the individual figures, table 4 also underlines several
important trends. In the transport sector, for example, the transition away from traditional fuel use is visible in
the declining total energy consumption for cars, from 1.26 Mtoe in 2022 down to just 0.24 Mtoe by 2050,
suggesting widespread adoption of alternative mobility solutions. Meanwhile, the household sector
demonstrates a noticeable shift in heating demands when climate corrections are taken into account, indicating
potential efficiency improvements or a switch toward less energy-intensive heating technologies. For the services
sector, although the total remains fairly constant, the data imply an ongoing need to optimize energy use as the
economy evolves.
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Table 4. Energy input data for Slovenia.

‘ 2022 2030 2040 2050
Industry
Food, beverage and tobacco [Mtoe] 0,07 NA NA NA
Textile [Mtoe] 0,01 NA NA NA
Wood [Mtoe] 0,05 NA NA NA
Paper, pulp and printing products [Mtoe] 0.13 0.18 0.15 0.15
Chemicals [Mtoe] 0.16 0.11 0.11 0.11
Non-metallic minerals [Mtoe] 0.19 0.19 0.20 0.20
Primary metals [Mtoe] 0.24 0.23 0.23 0.23
Machinery & metal products [Mtoe] 0,17 NA NA NA
Transport vehicles [Mtoe] 0,03 NA NA NA
Other manufacturing industries [Mtoe] 0.39 0.57 0.60 0.61
Mining and construction [Mtoe] 0.06 0.07 0.07 0.07
Mining [Mtoe] 0,02 NA NA NA
Construction [Mtoe] 0,04 NA NA NA
Total industry [Mtoe] 1.18 1.34 1.36 1.37
Transport
Cars [Mtoe] 1.26 1.01 0.50 0.24
Buses [Mtoe] 0.03 0.06 0.06 0.07
Motorcycles [Mtoe] 0.01 0.01 0.01 0.01
Trucks [Mtoe] 0.64 0.55 0.48 0.50
Rail [Mtoe] 0.03 0.04 0.05 0.06
Total transport [Mtoe] 1.96 1.67 1.10 0.88
Households
Heating (with climatic corrections), excluding ambient heat [Mtoe] 0.67 0.45 0.31 0.26
Water heating [Mtoe] 0.17 0.16 0.15 0.15
Cooking [Mtoe] 0.05 0.03 0.03 0.03
Elec. appliances & lighting [Mtoe] 0.18 0.17 0.17 0.17
Air cooling [Mtoe] 0.01 0.01 0.01 0.01
Total households [Mtoe] 1.07 0.83 0.68 0.63
Services
Total services | Mtoe] | 043 | o046 | 044 | o044

Table 5 presents Croatia’s sectoral energy consumption and projections through 2050. Industry shows
reduced demand in several subsectors, like non-metallic minerals and primary metals, implying efficiency gains
or structural changes.

In transport, cars drop from 1.46 Mtoe in 2022 to 0.50 Mtoe by 2050, a consequence of a shift toward
cleaner mobility.

Household heating significantly decreases, due to more efficient technologies, while rising appliance and
cooling needs could offset these savings. The services sector remains relatively stable, reflecting retrofits and
updated building standards.
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Table 5. Energy input data for Croatia.

‘ 2022 2030 2040 2050
Industry
Food, beverage and tobacco [Mtoe] 0.20 0.16 0.15 0.15
Textile [Mtoe] 0.02 0.02 0.02 0.01
Wood [Mtoe] 0.10 0.10 0.09 0.09
Paper, pulp and printing products [Mtoe] 0.07 0.08 0.07 0.07
Chemicals [Mtoe] 0.06 0.10 0.07 0.05
Non-metallic minerals [Mtoe] 0.37 0.36 0.31 0.27
Primary metals [Mtoe] 0.05 0.02 0.02 0.02
Machinery & metal products [Mtoe] 0.07 0.06 0.07 0.07
Transport vehicles [Mtoe] 0.01 0.01 0.01 0.01
Other manufacturing industries [Mtoe] 0.05 0.05 0.05 0.04
Mining and construction [Mtoe] 0.14 0.14 0.14 0.14
Mining [Mtoe] 0.01 0.01 0.01 0.01
Construction [Mtoe] 0.13 0.13 0.13 0.14
Total industry [Mtoe] 1.13 1.10 1.01 0.93
Transport
Cars [Mtoe] 1.46 1.21 0.77 0.50
Buses [Mtoe] 0.05 0.05 0.05 0.04
Motorcycles [Mtoe] 0.03 0.01 0.01 0.00
Trucks [Mtoe] 0.60 0.58 0.53 0.48
Rail [Mtoe] 0.04 0.03 0.03 0.03
Total transport [Mtoe] 2.18 1.88 1.39 1.06
Households
Heating (with climatic corrections), excluding ambient heat [Mtoe] 1.54 0.96 0.46 0.17
Water heating [Mtoe] 0.23 0.23 0.18 0.14
Cooking [Mtoe] 0.15 0.15 0.12 0.11
Elec. appliances & lighting [Mtoe] 0.32 0.32 0.35 0.39
Air cooling [Mtoe] 0.05 0.05 0.09 0.10
Total households [Mtoe] 2.29 1.72 1.20 0.91
Services
Total services | Mtoe] | 083 | 079 | o071 | o068

To reduce inconsistencies between historical (ex-post) data and future (ex-ante) projections, a technical
ODEX was adopted. Although attempts were made to reconcile and adjust the 2022 actual data with the baseline
assumptions in the projections, discrepancies could not be fully eliminated. In particular, negative energy savings
could arise if an increase in specific consumption was recorded for a given subsector.

The technical ODEX addresses this by holding the unit consumption constant in cases where an increase
is observed between consecutive years, thereby avoiding unrealistic negative savings values and providing a
more stable estimate of technical energy efficiency gains.
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Results and Discussion

In order to illustrate the practical application of the proposed methodology, detailed analyses were
conducted for Slovenia and Croatia, two EU Member States with distinct economic and policy contexts. Both
countries provided comprehensive datasets encompassing industry, transport, households, and service sectors,
enabling the generation of sector-specific ODEX indices and corresponding energy savings estimates. These
results, presented in the subsequent sections, demonstrate how the methodology effectively captures the
impact of efficiency gains, while also highlighting any discrepancies arising from data availability and modeling
assumptions.

Identified Trends in Energy Consumption and Efficiency

Projections for Slovenia and Croatia (Figure 1) indicate an overall decrease in total final energy
consumption, with Slovenia exhibiting a marginal increase in 2025 relative to 2022. A more granular analysis of
individual sectors reveals notable differences between the two countries. In Slovenia, industrial energy
consumption steadily rises throughout the projection horizon, whereas transport consumption increases until
2025 and subsequently declines. By contrast, households and services both show continuous reductions. In
Croatia, transport and household energy consumption decrease persistently across the full timeline, while the
service and industrial sectors experience a modest increase between 2022 and 2025 before entering a downward
trend.

Taking into account the Article 4 of the Energy Efficiency Directive, Slovenia and Croatia have set their
respective 2030 final energy consumption targets at 4320 ktoe (The Ministry of the Environment Climate and
Energy, 2025) and 5880 ktoe (The Ministry for the Economy, 2025), as outlined in their National Energy and
Climate Plans (NECPs). These projections suggest that both countries will meet these targets, a conclusion further
illustrated by the sectoral energy consumption trajectories shown in the figures below. By highlighting the
interplay of consumption patterns among industry, transport, households, and services, these findings
underscore the importance of sustained policy measures to drive energy efficiency improvements in diverse
economic contexts.
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Figure 1. Total final energy consumption per sector for Slovenia (left) and Croatia (right) compared to targets under EED
article 4. Source: Energy institute HRVOJE POZAR, Jozef Stefan Institute, ODYSSEE, 2025.

In accordance with the Energy Efficiency Directive (EED), the final energy consumption target under
Article 4 encompasses all energy delivered to industry, transport (including international aviation), households,
public and private services, agriculture, forestry, fishing, and other final users. By contrast, it excludes
consumption associated with international maritime bunkers, ambient energy, deliveries to the transformation
and energy sectors, and losses from transmission and distribution, as specified in Annex A of Regulation (EC) No
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1099/2008. Consequently, ambient heat was excluded in the calculations for Slovenia, whereas for Croatia,
consumption related to ambient heat is included in the results. This was done because no separate data on
ambient heat was available for Croatia, so results for Croatia on energy savings are mildly underestimated. Total
and sector-specific energy savings for Slovenia and Croatia are presented in Figure 2, revealing notable
differences across the projection horizon.

In Slovenia, by 2050, the industry sector achieves the smallest total savings, followed by the services
sector. Inindustry, savings increase gradually throughout the entire period, suggesting sustained implementation
of energy efficiency measures over time. Conversely, the majority of savings in services occur after 2030,
indicating a later surge in efficiency-related interventions or technological improvements in that sector. In the
residential sector, over half of the total 2050 savings are achieved by 2030, reflecting early and aggressive
measures such as building renovations and appliance upgrades. However, the rate of additional savings between
2040 and 2050 is comparatively small, largely because most buildings are already renovated by 2040, leaving
limited potential for further efficiency gains. Meanwhile, the transport sector exhibits the largest absolute
savings by 2050, with the majority of those gains concentrated between 2030 and 2040, due to widespread
adoption of more efficient vehicles and shifts toward low-carbon transport modes during that interval. These
findings underscore the importance of tailoring policies and measures to the specific dynamics and technological
readiness of each sector.

In Croatia, the household sector is projected to achieve the highest overall energy savings by 2050,
followed by transport, industry, and services. Notably, most household sector savings occur between 2030 and
2040, indicating a later onset or slower initial uptake of efficiency measures compared to Slovenia.

In the transport sector, although Croatia exhibits higher overall energy consumption, it achieves lower
absolute energy savings compared to Slovenia. This discrepancy may indicate that Croatia’s policy measures or
implementation strategies are either less ambitious or encounter more substantial barriers. These differences
are further reflected in the underlying activity data. In Slovenia, the projected activity of public transport
modes—particularly buses and rail—shows a marked increase over time, suggesting a shift toward more efficient
mobility solutions. In contrast, public transport activity in Croatia remains largely constant throughout the
projection period. Additionally, while Slovenia projects a decline in car usage after 2025, car activity in Croatia
remains relatively stable, highlighting divergent approaches to modal shift and transport demand management.
A comparison of savings as a percentage of sectoral consumption further emphasizes these differences. By 2050,
the transport sector in Croatia realizes approximately 105% savings relative to its consumption in 2050, whereas
Slovenia reaches 135%, underscoring Slovenia’s wide-ranging policy initiatives. Croatia mainly relies on
technological solutions as no structural change is visible in transport activity, while Slovenia envisages
implementation of measures changing modal split, reducing need for transport and also technological measures.

Conversely, Croatia’s industrial sector exhibits substantially higher projected energy savings, amounting
to approximately 61% of its sectoral consumption by 2050, compared to Slovenia’s 16%. This notable divergence
may, at least in part, be attributed to differences in the choice of activity indicators used in the ODEX calculation.
For Croatia, value added is used as a proxy for industrial activity, whereas Slovenia employs a production index.
Since value added typically grows faster than production indices—particularly in economies undergoing
structural transformation—this methodological choice can significantly influence the magnitude of calculated
energy savings. Selection of activity indicators can affect the interpretation of efficiency trends, as higher growth
in the denominator (activity) leads to more pronounced reductions in specific energy consumption, and thus
greater apparent efficiency gains. In addition to methodological factors, actual energy consumption trajectories
also differ between the two countries. In Slovenia, industrial energy use is projected to increase by 16% between
2022 and 2050, whereas in Croatia it is expected to decline by approximately 18% over the same period. This
reinforces the importance of considering both modelling inputs and real consumption patterns when
interpreting cross-country comparisons of energy efficiency outcomes.

In the services sector, both countries exhibit similar savings levels when measured against overall
consumption, indicating a comparable degree of policy penetration and effectiveness in that domain.
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The following figure (Figure 2) illustrates cumulative energy savings over time, benchmarked against the
reference base year 2022, to highlight the aggregated impact of energy efficiency measures across sectors.
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Figure 2. Cumulative sector-specific and total energy savings in Slovenia (left) and Croatia (right) by 2050 relative to the 2022
baseline. Source: Jozef Stefan Institute, 2025.

Important insight can also be gained by comparing historical savings (ex-post) with projected ones (ex-
ante). The figure bellow provides a comparison between historical (ex-post) and projected (ex-ante) energy
savings in Slovenia and Croatia. For the period 2015-2022, savings data were derived from the ODYSSEE database
by subtracting the cumulative energy savings of 2014 from those of 2022. Due to the varying lengths of time
periods shown, average yearly savings were calculated by dividing the total savings of each period by the number
of years it spans.

Average annual energy savings were calculated by dividing the total savings over each period by the
number of years within that period. For the historical period 2015-2022, savings were derived from the ODYSSEE
database by subtracting the cumulative energy savings recorded in 2014 from those reported in 2022.

The results, presented in the figures below, indicate that both Slovenia and Croatia will need to
significantly increase their annual energy savings in the coming decades relative to the 2015-2022 baseline. This
suggests a corresponding need for a substantial scale-up in the ambition and implementation of energy efficiency
policies and measures. An exception to this trend is observed in Slovenia during the 2041-2050 period, where
the rate of annual savings declines, likely reflecting the saturation of cost-effective energy efficiency potential in
most sectors.

In both countries, the transport sector is projected to contribute significantly to future savings,
contrasting sharply with the minimal savings achieved in this sector during the historical reference period.

In Slovenia, average annual savings in the household sector gradually decline over time, primarily due to
the near-completion of building renovation efforts. In contrast, savings in the services sector remain relatively
stable, with the exception of the 2023-2025 interval, which reflects inconsistencies between projected values
and actual 2022 data.

For Croatia, the household sector emerges as the dominant contributor to average annual savings
throughout the forecast period, apart from a slight anomaly in 2023-2025, which is also attributed to data
inconsistencies between observed and projected baseline values.
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Figure 3. Average yearly sector-specific energy savings and total energy savings in Slovenia (left) and Croatia (right); ex post
for period 2015-2022 and ex ante for the period 2023-2050. Source: Jozef Stefan Institute, 2025.

Evaluation of Policy Effectiveness and Impact

The ODEX-based assessment of future energy efficiency policies and measures offers a comprehensive
view of potential energy consumption trajectories in the absence of these interventions. By comparing projected
energy use with and without savings (policy and non-policy induced, e.g. autonomous technical progress, market
induced progress), one can quantify how significantly policy actions influence energy demand. In Slovenia, for
instance, failing to implement the planned measures would elevate energy consumption by approximately 19%
in 2030, 48% in 2040, and 67% in 2050 as shown in Figure 3. For Croatia, the corresponding increases would be
around 17%, 50%, and 88% in the respective years.

These findings highlight both the pivotal role and the substantial impact of energy efficiency strategies
in meeting national targets under Article 4 of the Energy Efficiency Directive (EED). Notably, 2030 consumption
projections for both countries closely track established target values, underscoring the necessity of effective and
timely policy execution. Any delay or underperformance in implementing energy efficiency measures could
jeopardize compliance with those targets and diminish the broader contributions to EU climate objectives.

Moreover, these results illustrate the scale of potential missed opportunities, both in terms of energy
savings and emissions reductions, if policy ambitions are not fully realized. Ensuring robust financing
mechanisms, enhancing stakeholder engagement, and aligning measures across multiple sectors will be critical
to achieving, and possibly exceeding, the modelled outcomes. As such, sustained commitment to ongoing
monitoring, data refinement, and iterative policy development remains essential to maximize the effectiveness
of energy efficiency policies and to maintain alignment with the National Energy and Climate Plans (NECPs).
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Figure 3. Projected Energy Consumption and Associated Savings in Slovenia (left) and Croatia (right) With and Without Policy
Measures for the period from 2022 up to 2050. Source: Jozef Stefan Institute, 2025.
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As shown in Figure 4, the projected energy consumption in the industrial sector for Slovenia (left) and
Croatia (right) from 2022 to 2050 is contrasted under scenarios with and without policy measures. The results
suggest that targeted efficiency improvements, such as process optimizations and technology upgrades can yield
substantial savings, though the extent of these reductions varies between the two countries.

Figure 5 highlights the transport sector, where projections point to significant energy-saving
opportunities through more efficient vehicles, electrification, and modal shifts. Particularly notable gains are
observed by the mid-2030s, underscoring the value of continued policy support and technological advancement
in this sector.

Figure 6 focuses on the household sector, illustrating how building renovations, higher appliance
efficiency, and awareness campaigns collectively drive considerable savings. While Slovenia demonstrates earlier
gains, Croatia exhibits a sharper decline in consumption between 2030 and 2040, suggesting differences in policy
timing or market uptake across the two countries.

Whereas, Figure 7 depicts energy consumption in other sectors, such as services, comparing scenarios
both with and without policy measures. Although absolute savings here are smaller than those in the transport
or household sectors, the gradual yet substantive reductions emphasize the importance of sustained, sector-
specific interventions in conjunction with broader efficiency policies.
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Figure 4. Projected Energy Consumption and Associated Savings in industrial sector for Slovenia (left) and Croatia (right)
With and Without Policy Measures for the period from 2022 up to 2050. Source: JoZef Stefan Institute, 2025.
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Figure 5. Projected Energy Consumption and Associated Savings in transport sector for Slovenia (left) and Croatia (right)
With and Without Policy Measures for the period from 2022 up to 2050. Source: JozZef Stefan Institute, 2025.
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Figure 6. Projected Energy Consumption and Associated Savings in households for Slovenia (left) and Croatia (right) With
and Without Policy Measures for the period from 2022 up to 2050. Source: Jozef Stefan Institute, 2025.
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Figure 7. Projected Energy Consumption and Associated Savings in other sectors for Slovenia (left) and Croatia (right) With
and Without Policy Measures for the period from 2022 up to 2050. Source: Jozef Stefan Institute, 2025.

Insights from Case Studies: Successes and Challenges

The Slovenian and Croatian case studies provide valuable insights into both the strengths and limitations
of implementing energy efficiency (EE) measures under real-world conditions. On the one hand, the results
highlight that strong policy commitments, such as those embedded in National Energy and Climate Plans, can
drive meaningful gains in multiple sectors. For instance, the gradual yet consistent improvements in Slovenia’s
industrial sector and Croatia’s pronounced savings in industry demonstrate how targeted interventions (e.g.,
process optimizations, technology upgrades, and financial incentives) can yield substantial efficiency dividends.
Similarly, the robust implementation of residential EE measures anticipated in both countries underscores the
effectiveness of building renovation programs, appliance standards, and awareness campaigns.

On the other hand, several challenges emerge from these case studies, emphasizing the nuanced and
context-dependent nature of EE policies. Chief among these are data availability and consistency issues, which
can impede accurate ODEX calculations and generate discrepancies between ex-post and ex-ante estimates. In
Croatia, for example, the delayed realization of household-sector savings relative to Slovenia suggests that local
market barriers, institutional capacity, and consumer preferences may slow policy uptake. Meanwhile, Slovenia’s
comparatively modest industry savings may point to gaps in its industrial policy framework or implementation
effectiveness, notable divergence could also be attributed to differences in the approach to the national energy
projections, where the use of value added as a leading model parameter for industrial energy projections can
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yield significantly higher energy savings. These differences underscore the importance of tailoring EE strategies
to sector-specific realities, strengthening policy coordination, and improving data granularity. By addressing
these challenges, policymakers and stakeholders can enhance the accuracy of ODEX-based evaluations and
ultimately foster more ambitious, evidence-based energy efficiency interventions.

Comparability and Scalability Across European Contexts

One of the key advantages of the ODEX-based methodology lies in its adaptability and relevance to a
broad range of European countries, each characterized by distinct economic structures, policy priorities, and
data-reporting practices. By employing standardized metrics for specific energy consumption, the method
ensures that observed or anticipated efficiency improvements can be meaningfully compared, even when
differences in climate, industrial composition, and transport patterns exist. This comparability facilitates both
cross-country benchmarking and the possibility of aggregating national results into broader regional or EU-wide
analyses, thus supporting the formulation and evaluation of coherent, pan-European strategies.

Nevertheless, the successful application of the approach across diverse national settings hinges on the
availability of sufficiently granular and high-quality data. Many EU Member States face challenges in collecting,
harmonizing, and maintaining comprehensive energy and activity datasets, particularly at the subsector level
(e.g., detailed transport modes or specific manufacturing branches). Data gaps can lead to incomplete ODEX
indicators and may undermine the reliability of resulting energy savings estimates. In addition, variations in
modelling approaches, reporting conventions, and institutional capacities introduce further complexity,
necessitating careful reconciliation of input assumptions and methodological choices.

Addressing these issues requires improved data-sharing platforms, standardized reporting guidelines,
and enhanced technical assistance to countries with less extensive data infrastructures. As the EU intensifies its
efforts under the Energy Efficiency Directive and the European Green Deal, ongoing collaboration and capacity-
building among national statistical agencies, research institutions, and policy stakeholders will be crucial. By
continually refining data collection processes and aligning analytical methods, the ODEX-based framework stands
to offer a scalable, consistent tool for monitoring progress and informing evidence-based policies across diverse
European contexts.

Conclusion

In this research work, the ODEX methodology provides a usable, top-down framework for assessing
energy efficiency (EE) gains from policy implementation, market and autonomous progress, as evidenced by
analyses of Slovenia and Croatia. Both countries were projected to decrease total energy consumption, although
sector-specific trends differed markedly over the 2030-2050 period. Households and transport emerged as
pivotal contributors to efficiency gains, but each country demonstrated unique implementation pathways and
levels of ambition. The results have shed light on the importance of meticulous data collection, careful baseline
calibration, and sustained policy measures, especially in light of targets set under Article 4 of the Energy Efficiency
Directive.

By using ODEX on ex-ante projections, this work illustrates how the ODEX approach can reliably estimate
efficiency gains from broader structural changes. The method’s adaptability enables cross-country comparability
while retaining sufficient granularity to capture sectoral or sub sectoral dynamics. In both Slovenia and Croatia,
targeted measures, such as industrial process optimizations, building renovations, and transport-sector
initiatives, were shown to translate into significant energy savings, highlighting the practical utility of ODEX for
evidence-based policymaking.

The case studies also reveal that improving data infrastructure remains a priority; more granular,
harmonized, and frequently updated datasets are needed to enhance the reliability of ODEX-derived insights.
Countries must align data protocols, expand monitoring frameworks, and refine the reconciliation of ex-post and
ex-ante estimates to reduce discrepancies. Moreover, marked differences in savings patterns across industry,
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households, transport, and services attest to the necessity of adopting sector-specific strategies that balance
early, high-impact interventions with consistent, long-term efforts. Future research could explore advanced
modelling techniques, such as integrating bottom-up or agent-based approaches, to capture technology-specific
dynamics and behavioural shifts more accurately, reducing uncertainties in ex-ante scenarios.

At the national level, the alignment of ODEX-based findings with National Energy and Climate Plans
(NECPs) has critical implications for meeting final energy consumption targets and driving sustained
decarbonization. At the broader EU level, the consistent application of ODEX methodology supports cross-
country benchmarking, fosters collective progress tracking under directives like the Energy Efficiency Directive,
and advances deeper harmonization of policy efforts. By offering quantifiable indicators of efficiency gains per
sector or country, ODEX index remains an interesting tool for evaluating countries strategies aimed at achieving
ambitious energy and climate objectives.

While energy efficiency assessments can be conducted at the level of individual unit consumption (UC)
indicators for specific activities, the use of the aggregated, consumption-weighted ODEX index offers distinct
analytical advantages. As a standardized and rigorously developed framework embedded within the ODYSSEE-
MURE initiative, ODEX ensures methodological consistency with EU monitoring requirements and facilitates
robust cross-country comparisons. Functioning as a normalization tool, ODEX eliminates the physical or
economic dimensions of underlying data to yield a dimensionless index that reflects relative energy efficiency
progress over time. Through consumption-based weighting of UC indicators, it accounts for the structural
composition of each sector, enabling the aggregation of sectoral results into total national energy savings.
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