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Abstract: The European Commission has recently announced two guiding principles for EU product
policy: First, product policy shall ensure that the performance of front-runner products in terms of
sustainability becomes the norm, and second, the effectiveness of the current Ecodesign legislative
framework is going to be significantly improved. Within this paper, already existing front-runner
approaches and recent and ongoing product policy-making processes were reviewed. Based on the
results, an EU front-runner approach is outlined. The presented approach (i) refers to performance
levels of the best products already available on the market, (ii) aggregates information in existing
databases, and (iii) works semi-automated. Together, all three attributes have a high potential to
facilitate and accelerate the specification of appropriate minimum requirements for products at the
EU level. This way, EU policymakers can deliver on the core objectives of the Ecodesign legislative
framework much better. The basic mechanism and its legal entrenchment of the approach are illus-
trated for the energy efficiency of energy-related products. In addition, the Front-Runner Approach
can be applied to any product group in the scope of the upcoming Ecodesign for Sustainable Prod-
ucts Regulation and to a wide range of product-related minimum requirements, such as durability,
reparability, or recycled content. The study’s objective is to suggest a tailor-made and dynamic
approach to keep the EU product legislation up to date using innovative technology based on the
investigation of current regulations and identify the gap. Experiences from three international case
studies suggest that a front-runner approach to setting energy-performance standards can drive
innovation and reduce energy consumption via promoting energy-efficient products; transparency
about available products is one of the key factors and can be established by a database. The EU
front-runner approach comprises extending the existing energy label database (or making use of the
digital product passport) and introducing a legislative procedure that triggers changes in the energy
efficiency requirements in the specific EU regulations if the database shows that a certain threshold
value is reached. Challenges such as limited EU staff capacities and opportunities such as increased
dynamic are discussed.

Keywords: ecodesign; ESPR; energy efficiency; energy labeling; EPREL; front-runner; policy making;
database; resource efficiency; material efficiency

1. Introduction

Improving energy efficiency has been identified by the European Commission as a key
dimension to moderate the energy demand and to cut greenhouse gas (GHG) emissions to
achieve a reduction in energy consumption by at least 32.5% by 2030 [1]. Following the
principles of the Green Deal, the EU Commission is seeking to reduce the energy consump-
tion of the EU even further by setting binding targets at the EU level, namely, primary
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energy consumption by 39% and final energy consumption by 36% by 2030 [2]. Towards
achieving these targets, the EU Commission [1] classifies increasing energy efficiency as the
easiest way of mitigating GHG emissions while also reducing consumer expenditures. On
top of climate change threats, recent geopolitical events, such as the recent energy crisis in
the course of the war in Ukraine jeopardizing energy security in Europe, have elevated the
importance of energy efficiency measures.

Since 2005, the EU Commission has been equipped with the Ecodesign Directive
2009/125/EC [3] (formerly 2005/32/EC) to define Ecodesign requirements that improve
the environmental performance of energy-related products. Energy-related products either
consume energy or affect the energy consumption of other products or systems. The focus
is to set energy efficiency-related minimum requirements for different product groups such
as information and communications technology (ICT), home appliances, and investment
goods [4–8]. The Directive aims to reduce energy consumption and thus contribute to the
energy and climate goals of the EU; new requirements are currently being extended to
resource efficiency. Today, 31 regulations with energy efficiency requirements are already
implemented. Energy-related savings are regularly modeled and quantified within the
framework of the “Ecodesign Impact Accounting” [9]. The savings achieved in relation
to the total EU electricity consumption resulting from these minimum requirements for
energy efficiency in 2020 were determined as 334 TWh [10]. This is roughly equivalent to
the total European hydro (375 TWh) or wind (398 TWh) energy production in the same
year [11]. However, the experience gathered so far from the implementation of product
requirements and labeling has also shown that the existing saving potentials have not been
effectively and efficiently exploited for many of the Ecodesign product groups [12].

Corresponding legislation needs years and preparatory and retards revision studies.
As an example, the review process of the Ecodesign regulation on displays took 96 months
compared to the theoretical minimum of 42 months [12]. Hinchliffe and Akkerman [13]
analyzed the limitations of the resources that are available for conducting review studies. In
some cases, the next level of the minimum requirements of a product group was achieved or
even significantly exceeded by the products available on the market long before the require-
ments took effect. Therefore, dynamic updates of product requirements are fundamental
to ensure that these requirements are efficient themselves and fulfill the intention of the
legal framework. For example, the savings potential of >70% of the measures announced
in the 3rd Ecodesign Working Plan 2016–2019 [14] had not been realized by the end of
2021 [15]. Possible reasons are the increasing number of regulated product groups, more
types of product efficiency requirements (energy-, material-, and resource efficiency), and
the complexity of products (digitalization, IoT, etc.).

The study’s objective is to suggest a tailor-made and dynamic approach to keep the EU
product legislation up to date using innovative technology based on the investigation of
current regulations and identify the gap. An initial outline has already been presented [16]
and is further described and discussed.

This study starts with a description of the type of delays in the legislative process
for setting Ecodesign requirements in the EU. In addition, existing dynamic front-runner
approaches established in Japan, South Korea, and China are analyzed and summarized.
Finally, an approach tailored to the EU context is proposed, which intends to be more
dynamic and to keep EU product legislation up to date considering product innovation
and recent market developments. This approach is then called the “EU front-runner”.

2. Methods

Two methodological approaches were combined in this study: First, preparatory
studies and reviews in the wake of the revision of the Ecodesign legislative framework,
as well as product-specific energy-efficiency requirements, were analyzed (Section 3.1).
This step focused on market analysis and the criteria based on which minimum efficiency
requirements are currently derived. Second, case studies of already existing front-runner
policy approaches designed to stimulate the continuous improvement in energy efficiency of
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energy-related products were identified and analyzed in depth for their opportunities and
obstacles (Section 3.2). The findings from the first two steps were then used as input for in-
depth discussions among experts from the authors’ institutions with the aim of developing
an EU front-runner approach. The results of this step are outlined in Section 3.3. Within
this study, conceptual work is presented that may have to be refined for implementation.
Therefore, opportunities and threats of the EU front-runner approach are discussed but
need to be outlined in-depth in further studies.

3. Results
3.1. Missed Energy Saving Potentials in EU Product Policy

Until 2022, existing Ecodesign regulations in the EU have led to an annual 10% energy
consumption reduction (170 Mt CO2eq) for the energy-related products in scope [17]. By
2030, these savings could reach 18% (266 Mt CO2eq) [9]. However, evidence from the
implementation and review process of the Ecodesign Directive [3] and the Energy Labeling
Regulation [18] has shown that for a significant number of covered product groups, the
existing saving potentials have not always been effectively and efficiently tapped. This
results primarily from unambitious requirements, delayed implementation and updating
of requirements, and product non-compliance [3].

Concerning unambitious requirements, Siderius and Nakagami [19] argue that the
benefits of a more ambitious Ecodesign scheme are large. Elevating energy savings by just
a few percent could result in additional energy savings of 5–10 TWh. Letschert et al. [20]
claim that an additional 2700 Mt CO2 could be saved between 2015 and 2030 if a selection
of energy-intensive products in Europe, including, e.g., boilers, dryers, washing machines,
and heat pumps, had to meet the level of Best-Available Techniques. Schlegel et al. and
Scott et al. [21,22] argue that widening the scope of Ecodesign regulations from energy
efficiency to including material efficiency has great emission reduction potential. Scott
et al. [22] found that over 40% of production emissions (2061 Mt CO2eq) are embodied in
material-intensive products consumed in the EU. Furthermore, product developments are
not sufficiently taken into account in the process of developing minimum requirements,
leading to products reaching the minimum requirement well in advance of the target
year [12,19,23].

Delays in setting and reviewing minimum product requirements result in missed
potential from products remaining exempt from the legislation, as well as products with low
environmental performance that stay on the market. Consequently, the savings potential of
more than 70% of the measures announced in the 3rd Ecodesign Working Plan 2016–2019
had not been realized by the end of 2021 [15]. Furthermore, the 4th Ecodesign and Energy
Labeling Working Plan, which was expected to cover a period starting from 2020, was
delayed by two years. In March 2022, it was finally published [24]. Schweitzer et al. [15]
estimate that these delays equal up to 10 Mt CO2eq annually.

Non-compliant products still available on the market after passing the target year
result in further missed energy efficiency potential. The EU Commission [25] estimates that
in 2019, 10–25% of the products on the market were non-compliant. This would correspond
to missed energy savings of 10% or 174.8 TWh/year by 2020 [12].

Many factors limit the exploitation of energy-saving potentials and contribute to these
delays. The main reasons addressed by literature are time-consuming market analyses
for new product groups and lengthy review processes [12,23,26,27], lack of complete or
up-to-date information [13,19], workload and resource constraints [3,28], increased product
complexity [13,16], conflicting stakeholder interests [23,27], a consolidated publication
procedure instead of individual publication of measures once developed [12,26], and a lack
of quick internal procedures within the EU Commission [28].

3.2. Existing Approaches

In the following sub-sections, existing approaches in different countries, including
Japan, South Korea, and China, are briefly described.
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3.2.1. The Japanese Top-Runner Program

Introduced in 1999, Japan’s Top-Runner Program is a regulatory scheme designed to
stimulate the continuous improvement in energy efficiency of energy-consuming products
in the use phase. It defines minimum energy efficiency targets for electronic consumer
goods based on the energy efficiency level of the best-performing product available on the
market. Starting with 11 product groups, it was expanded to 31 by 2013 [29]. The Japanese
Top-Runner Program goes along with a labeling program, rewarding the best performers.

The program assesses product energy efficiency performance based on a weighted
average approach, factoring in all products released to the market per producer [19].
Accordingly, underperforming products may be allowed onto the market as long as the
average efficiency of the producer’s products surpasses the minimum requirement. In
terms of non-compliance, the program administers a “name and shame” approach. Those
producers not meeting the standards risk public denunciation. The Japanese culture and
market structure, which are controlled by a few large domestic producers, likely contribute
to the effectiveness of this measure [30].

Overall, the Top-Runner Program in Japan has contributed to accelerating energy
efficiency improvement for all included electronic products. One specific success story is
the case of air conditioners, for which a motor-efficiency increase of 95% was achieved.
By 2004, around 70 models, equaling 2 million units, were taken out of production [29].
Kiruna [30] states that the program was successful in establishing uncontested and trans-
parent efficiency targets, which has contributed to reducing investment risk primarily for
first movers. However, Kiruna [30] also states that it is difficult to isolate the impacts of the
program from already existing market trends. These include technological developments
as a result of market competition and the increasing environmental awareness of con-
sumers [31]. Additionally, rebound effects in the form of an increasing number of products
per household, larger products, and intensified product usage seem to have increased
overall energy use per household [31].

3.2.2. The South Korean Front-Runner Program

The South Korean Front-Runner Program dates back to 1992. The program is com-
posed of various elements, including minimum energy standards, a certification program
for high-efficiency products, and the e-Standby program.

Minimum energy standards are mandatory for 37 product groups and primarily target
the worst performers. Performance is classified into five categories. The lowest category
constitutes the minimum standard. Those not meeting the minimum standard risk penalties
of up to EUR 15,000 or being excluded from the market. The certification for high-efficiency
products targets the best performers of 45 product groups with a voluntary label. The
e-Standby program applies to 22 product groups and issues a mandatory label to those
products not meeting energy requirements while in the stand-by modus [32].

Jeong and Kim [33] argue that the South Korean Front-Runner Program is a good
example of the effectiveness of consumer information as a policy measure motivating
energy efficiency. For over two decades, various energy efficiency labels have guided
and influenced consumer behavior. Consumers show an increased willingness to pay for
products labeled with either a high-efficiency or voluntary stand-by label.

3.2.3. China’s Leading Energy Efficiency Program

In 2014, the Leading Energy Efficiency Program (LEP) was introduced in China. It
complements the “TOP 10,000” Program, including mandatory efficiency targets for the
most energy-intensive companies in 19 energy-intensive industries (e.g., steel, ethylene,
synthesis ammonia, cement, plate glass, and electrolytic aluminum) [34]. The program aims
to motivate technological developments using subsidies (direct subsidies and tax subsidies),
which are awarded to the best performers in the market [26]. The selection of the best-
performing products is initiated via a voluntary nomination by manufacturers. Selection
criteria include energy efficiency as well as aspects related to the product technology and



Energies 2024, 17, 504 5 of 11

the manufacturer’s competence [35]. The LEP administrates subordinate, sector-specific
programs and is combined with a labeling scheme [36].

Nie et al. [37] reason that the subsidies overall enhance the market focus for innovation
and contribute to accelerating energy efficiency improvements. This is largely the result of
the enhanced competition amongst the best performers. However, focusing on advancing
the best performers in the market, this instrument has an adverse effect on the products with
lower performance, contributing to a widened gap between the best and least performers.
The authors also reason that in case of imperfect market information, the program is bound
to fail. This could be the case, for example, when companies prioritize the confidentiality of
information over the possibility to receive subsidies. In this context, the size and certainty
of the granted subsidy affect the willingness of companies to cooperate.

3.2.4. Summary

The experiences from the three international case studies suggest that a front-runner
approach to setting energy-performance standards can drive innovation and reduce energy
consumption by promoting energy-efficient products. Several factors are key to the success
of such systems. Among these factors is the need for transparency regarding the availability
of products on the market. Publicly available databases can be one means to provide
more transparency. Current policy developments on digital product passports can further
support a sound data basis to support a front-runner approach. Furthermore, to address
potential rebound effects, the process of setting minimum requirements needs to be quick
and ambitious. The latter could be achieved using a semi- or fully-automated procedure.
In the following, we propose such an approach.

3.3. Drafting an EU Front-Runner Approach
3.3.1. Data Sources

For establishing a front-runner approach, constantly updated databases on the effi-
ciencies of products placed on the market are fundamental. Updated databases are needed
to find the front-runners of the product group, i.e., the products with the best available
performance. Starting from the products’ efficiencies, the new minimum requirement for
the entire product group can be derived.

The EPREL (European Product Registry for Energy Labeling, https://eprel.ec.eur
opa.eu/screen/home, accessed on 23 August 2023) database represents an efficient basis
for this approach. The database is mandatory for 15 product groups for which an EU
energy labeling obligation is in force. In addition, it includes a significant number of
products with Ecodesign requirements. Finally, EPREL gives a comprehensive overview
of the products on the EU market. A process to verify the database entries was recently
discussed and implemented by the EU Commission, contributing to the validity of the
data available via the platform. Therefore, it would be reasonable and expedient to use
this already established infrastructure to provide the efficiencies of all product groups for
which requirements under the Ecodesign legislative framework are set.

In addition to EPREL, further legislative developments might create data sources. One
example is the digital product passport and the obligation to inform the EU Commission
about the quantities of products placed on the market as part of the EU Commission’s
proposal for sustainable product regulation [3]. For the time being, the focus could be
on the aspect of energy efficiency for which methodologies in policy making are furthest
developed. In the future, the principle could be applied to other environmental performance
criteria as well.

3.3.2. Legislative Procedure

Up to now, the revision of minimum energy efficiency requirements requires a revision
of the whole respective implementing regulation. This leads to the entire comitology
procedure, including preparatory work/studies, which is finally very time-consuming and
an additional burden according to personnel resources by the EU Commission, the member

https://eprel.ec.europa.eu/screen/home
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states, and all stakeholders involved in the process. It, therefore, seems to be adequate and
appropriate to adapt the energy efficiency-related minimum requirements separately from
the regular full revisions. As a consequence, the minimum energy efficiency requirements
can be updated or continued at shorter intervals or even by using an annual omnibus
regulation) Basic changes, such as the introduction of new measurement or calculation
methods, would remain the subject of comprehensive revisions, which may then occur in
longer intervals as is currently established. The dynamic approach can also be revised, e.g.,
if the development of the market occurs to be slower than expected.

3.3.3. Key Elements

Legislation should be able to react to product innovations and market developments in
a reasonable time. In the context of energy-efficiency-related Ecodesign requirements, this
could be achieved by a procedure that regularly updates the energy efficiency requirements
of the implementing regulation of the specific product group, either via updating individual
implementing regulations or an omnibus regulation for multiple product groups.

In a first step, the front-runner approach should be enabled by the framework regula-
tion, i.e., the proposed future European Sustainable Product Regulation [3]. This comprises,
for example, introducing a dynamic front-runner procedure in addition to the current static
scheme to set performance requirements.

In the second step, the front-runner principle needs to be specified: The EU Commis-
sion needs to be assigned to annually assess the energy efficiency of product groups based
on information from databases. Then, the EU Commission needs to be empowered to adapt
the performance requirements according to the identified efficiency improvements in a
simplified written procedure.

On this basis, we propose to establish the following parameters in the secondary
legislation for each product group:

• A threshold representing a critical share of products on the market reached a certain
efficiency level (e.g., an energy efficiency gap of x% between the front-runner products
and the existing minimum requirement). When the threshold is reached, an adjustment
of the energy efficiency requirement is triggered.

• A mechanism to specifically determine the new minimum requirements, calculated on
the basis of the average energy efficiency of the top y% of the most efficient products.

• An appropriate transition period until the new requirement applies.

For example, At a certain point in time, the average efficiency of the products within a
product group in the EPREL database is, compared to the current requirement, x% more
efficient. Then, the requirement is tightened to the average energy efficiency of the y% most
efficient products in the EPREL database. The new minimum requirements enter into force
after a transition period of z years. Figure 1 illustrates this principle.
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4. Discussion

As this approach is proposed for EU product policy for the first time, the challenges
and opportunities associated with its implementation should be carefully considered as far
as possible in advance without practical experience.

Its main benefit is the potential to increase the dynamic and, thus, the impact of
Ecodesign requirements significantly, as outlined above. Both the missed energy and GHG
savings, as well as obstacles in the legislative process, could be tackled. In consequence,
more frequent updates of Ecodesign requirements could accelerate product development
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cycles. The described fast-track for energy efficiency requirements could also be applied
to other environmental performance aspects, e.g., recyclability, pollutants, or substances
of concern, where feasible. In this way, the front-runner approach could contribute to
saving energy and related costs and GHG emissions, reducing resource consumption, and
contributing to further environmental improvements needed in the face of accelerating
climate change and the energy crisis.

On the contrary, it could be argued that implementing the front-runner approach
might lead to a product group developing more slowly than expected or even to technical
improvements being intentionally slowed down to manifest the market as it is. However,
even for this worst-case scenario, taking the best products as a reference for the next step of
performance requirements will exclude less efficient products from the market and thus
increase the average efficiency of the remaining products. This increased efficiency will
form the basis for the following step. In this way, the level of ambition will still steadily
increase, but more slowly. In addition, one approach to avoid this challenge could be to
introduce pre-defined steps at which the minimum requirement increases automatically in
case a market develops much slower than expected. This backup would be equivalent to
the current system of static requirements. Pre-defined steps can serve further important
purposes: They provide manufacturers with planning security and provide a benchmark
to which the current performance of the product group can be compared.

Regular reviews and updates will continue, but less often. Using this, technical
progress in the form of, e.g., new features or better methods to measure energy efficiency
can be taken into account in the regulatory process. At the same time, reducing the number
of reviews increases the efficiency of the policy process. Additional aspects such as life
cycle costs, unintended consequences for the affordability of products, or the performance
with regard to other environmental aspects not regulated via the front-runner approach
will still have to be investigated during reviews.

A major reason for delays in the current system is the technical complexity of some
product groups like space heaters. This can be addressed in the front-runner approach by
limiting in-depth technical discussions to full reviews, whereas dynamic updates follow a
pre-defined pathway on specific issues. Streamlining such procedures will contribute to
the period between raising requirements to be as short as possible and as long as necessary.

With regard to the data basis used to define the front-runner product(s), different
approaches are possible. Using sales-weighted data would make the approach more reliable
because common (i.e., with a higher market share) products have more impact. On the other
hand, sales-weighted market data will slow down the dynamic because the most efficient
products (front-runners) usually have small market shares. The market transformation
would, therefore, be delayed.

Manipulations of the data basis to select front-runner products, e.g., using a high
number of fake entries in existing databases, can still occur and have to be limited by
the quality assurance measures established by the EU Commission when developing and
maintaining the databases. Other manipulations can be resolved and mitigated during
regular revisions.

In a dynamic approach, it needs to be ensured that products for the whole range of
the product group are available, i.e., all “sizes” of products in the scope of a regulation.
This can be addressed by not referring to a single front-runner product but to a group
of best-performing products, as well as via setting the new requirements with a further
discount from the front-runner group. Details for this will have to be specified for each
product group individually.

The front-runner approach presented in this paper is not a “silver bullet”. Some
challenges with regard to setting ambitious Ecodesign requirements remain especially
aspects such as limited staff capacities or time-consuming internal procedures of the EU
Commission. In addition, the introduction of the front-runner approach itself into the
regulatory framework and its implementation for specific product groups will bind staff
capacities, which would be relieved only subsequently. Regulating a new product group
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for which no data are yet available will still require a preparatory study to be done, as
well as developing information requirements to create a database that can support a front-
runner system.

In any case, the front-runner approach will not result in uncontrollable automatism
because a regulatory procedure will still be necessary. This means the EU Commission
will remain in charge by having to adopt a front-runner amendment after consulting the
respective stakeholders during the established procedures.

5. Conclusions

In contrast to the current procedure in product regulation, the presented front-runner
approach would set minimum requirements in relation to the best-performing products
available on the market. This results in requirement levels always being up to date and
in line with product innovations and market developments. The approach, therefore,
corresponds to the dynamic of the market itself. This enables (i) a more effective and
efficient implementation of Ecodesign regulations as today, (ii) significant workload re-
duction according to the revision procedures (internal procedures may be streamlined,
too), as well as (iii) an improvement of the predictability of the overall legislative process
for all related stakeholders. However, some challenges in the standard-making process
are not addressed by an EU front-runner approach, such as limited staff capacities and
time-consuming administrative processes. Similarly, initial preparatory studies are still
required, at least to create a database using information requirements that can subsequently
support a front-runner approach.
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