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1. Foreword

With the present paper, the NEF-group would like to contribute to a discussion on the role of
the Product Environmental Footprint within the proposed Ecodesign for Sustainable Prod-
ucts Regulation with a specific focus on its ability to support the classes of performance and
the circular aspects. This also includes a discussion of which circular aspects need additional
assessment methods.

This discussion paper was outlined in the period from December 2022 until June 2023 and is
financed by the Nordic Environmental Footprint Group under the Nordic Council of Ministers.

The discussion paper has been drafted by the authors Sofie Nygaard Rgnnov Olesen, Anja Ma-
rie Bundgaard, and Arne Remmen, Department of Planning, Aalborg University.

The viewpoints expressed in the document are not necessarily shared by the members of the
NEF Group. However, the authors would like to thank the NEF working group for their valua-
ble insights and comments throughout the realization of the discussion paper.

The NEF Group hopes the discussion paper may contribute to a dialogue among European
stakeholders.
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2. Summary

A well-functioning green market entails the presence of mechanisms that create a market
pull after products with a good environmental performance combined with a regulatory push
to ensure that the worst performing products are excluded from the market. The EU energy
label in combination with the Ecodesign Directive has successfully managed to provide such
mechanisms (energy labelling and minimum performance requirements).

In 2022, the European Commission introduced a proposal for establishing a framework for
setting ecodesign requirements for sustainable products, which will repeal the Ecodesign Di-
rective. The aim of the proposed Ecodesign for Sustainable Product Regulation (ESPR) is to
improve the environmental sustainability of products and ensure the free movement of prod-
ucts on the European Market. Several means are combined such as minimum ecodesign re-
quirements, information requirements, a digital product passport, a framework for green
public procurement and a framework to prevent the destruction of unsold goods. The infor-
mation requirements can if appropriate be accompanied with information on the perfor-
mance of the product according to several product parameters established in annex | of the
ESPR. Furthermore, when considered appropriate, this can be supplemented with classes of
performance, and it is resembling the set-up with the Energy Labelling and the Ecodesign Di-
rective.

Communication of product’ environmental performance is a core element in striving for envi-
ronmentally friendly products and promote the purchase of such products. Life cycle assess-
ments are becoming increasingly used and this increases the complexity of the environmen-
tal information and indicates the need for a methodology and communication vehicle that
can encompass this complexity in an appropriate manner. To establish a more standardised
methodology to life cycle assessment and improve comparability of LCA results, the Euro-
pean Commission has developed the Product Environmental Footprint method. In annex | of
the 2021 communication on the PEF method, an example of a method for establishing classes
of performance for product in a five-level scale from A to E is presented.

The aim of this discussion paper is to examine how the PEF-method can support the classes
of performance within the ESPR, and which circular aspects need additional assessment
methods. This includes discussion of the opportunities for using the PEF method to establish
classes of performance as well as the limitations that influence the relevance and applicabil-
ity of the PEF method within the ESPR.

This paper concludes that the PEF method only to a limited extent provide the needed frame-
work to support the classes of performance in the ESPR, and only if PEFCRs are in place for
the product group under consideration. PEF is an environmental assessment method with a
core focus on environmental emissions and resource consumption. The PEF method can
therefore only cover the product parameters related to the environmental impacts of a prod-
uct. However, the ESPR aims also at making ecodesign requirements to improve the environ-
mental performance of products related to parameters that amongst other are core to circu-
larity such as durability, reparability, and reusability. These product parameters are however
either not covered or they are covered indirectly in the assessment, but not communicated
or visible to the consumer. Therefore, the PEF method cannot stand alone as the methodo-
logical framework for the classes of performance in the ESPR.
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The PEF method exemplifies a methodology for establishing classes of performance in a scale
from A to E. The 16 impact categories of PEF are relevant for some product parameters in the
ESPR, especially the parameters on environmental footprint and carbon footprint. The impact
categories on particulate matter, ionizing radiation, photochemical ozone formation, acidifi-
cation, eutrophication, and ecotoxicity freshwater can potentially provide part of the frame-
work to support the product parameters on emissions to air, water, and soil. Finally, the PEF
impact categories on resource use (minerals and metals), resource use (fossil), land use and
water could potentially provide the framework for the product parameters on consumption
of water, energy, and other resources. The PEF method’s impact categories are expected to
be extended to also cover other aspects, such as biodiversity.

However, differences exist between the classes of performance suggested in the ESPR and
the performance classes suggested in the PEF method. The PEF method suggests the use of
an aggregated single score using weighting factors based on all impact categories. Whereas
the ESPR is more open to identify one or more relevant impact categories depending on the
product in question.

The scale for the performance classes in the PEF method is established based on the theoreti-
cal best product, theoretical worst product, the representative product, and a score of a spe-
cific product. This will require a PEFCR and a PEF-study. A prerequisite for this is access to in-
dustry data to establish the scale. Another method for developing the scale could be to take
outset in market data. Here, the ESPR could potentially play a role by setting information re-
guirements on environmental performance data such as environmental footprint or selected
impact categories collected in the digital product passport.

In this way, a method for a stepwise implementation could be:

1. Information requirements are set in delegated acts making the producers or importers
obligated to provide information on the environmental performance of the product.

2. After data has been collected for a suitable period, an A-E scale can be developed
based on the actual environmental performance data of the products.

3. Information requirements step into force in the delegated acts on labelling of the prod-
ucts in compliance with the classes of performance on an A-E scale.

4. Finally, minimum performance requirements step into force in the delegated acts
phasing-out the worst performing products on the market based on the A-E scale.

One of the limitations of the PEF-based performance classes is that it entails normalisation
and weighting of the results to reach an aggregated result. These types of results should be
interpreted with caution as weighting inherently involves value choices depending on policy,
culture and other preferences and comes with the risk of burden shifting. Consequently, the
weighting factors used in the context of the ESPR should also be in line with the policy aim of
the regulation.

Information on products environmental performance is complex, and studies show that con-
sumers prefer single indicators in the communication of a product’s performance to make it
easier to understand. However, the use of weighting factors into aggregated results poses a
challenge, as it influences the consumers ability to understand the relative performance
across the broad range of product parameters introduced in the ESPR. In the duration of this
project, it has not been possible to identify studies addressing the use of weighted results in
environmental communication and consumers ability to understand and behave based on



Side 7 af 56

the information. There is a need for further studies within this field and especially on the use
of the A-E scale in PEF, if this is intended to be applied within the ESPR.

The applicability of the A-E scale as a communication vehicle thus causes an imbalance be-
tween the need for simple environmental information to reduce the complexity as well as the
need to provide consumers with concrete and meaningful information. This paper introduces
two alternative types of communication vehicles targeting some of the concerns raised, I) Ag-
gregated single score results with the A-E scale and the most relevant impact categories, and
II) The most relevant impact categories each displayed using the A-E scale. Both options in-
crease the complexity of the environmental information but increase transparency of the re-
sults and the second alternative leaves out weighting.

The paper conclude that the PEF method is insufficient in covering several product parame-
ters in the ESPR that are core to a circular economy, these are: durability, reparability,
maintenance, upgrade, reuse, repair, refurbishment, and remanufacture. This is a challenge
as the ESPR is assigned a prominent role in the transition towards a circular economy, and
this highlights the need for additional assessment methods, which partly has been developed
in the French reparability and durability indexes.

Besides, several assessment methods exist on products performance related to circular strat-
egies. This study emphasises the EN 4555X series of standards as well as the Joint Research
Centre’s (JRC) scoring framework for repairability and upgradability of products. The EN
45552 on repairability of a product and the JRC scoring framework both provide a method for
assessing the repair of products by introducing technical product related elements that
should be assessed.

A major challenge in the future product regulation in the EU and in establishing the product
performance classes is, how to balance between product impact categories on the one side,
and the product properties such as durability and reparability on the other side.
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3. Introduction

The market plays a vital role in the product-oriented initiatives launched by the European
Commission to promote a circular economy and sustainability, such as the Circular Economy
action plans from 2015 (European Commission, 2015a) and 2020 (European Commission,
2020a). The reasoning is that if the market rewards the products with the best environmental
performance, then the manufacturers of environmentally poor performing products will be
pressured out of the market. However, this requires well-functioning green markets. Again,
the basis for a well-functioning green market is that the market stakeholders provide trust-
worthy information about the products environmental performance that is accessible and
enables benchmarking.

Understanding all the environmental impacts of a product is a complex process, and it is not
anticipated that the ordinary consumer can directly understand or apply the environmental
information related to the environmental impact of a product. Most consumers today can
resonate with the concept of climate footprints and the official eco-labels. However, it may
be difficult to understand other types of environmental impacts classified through for in-
stance lifecycle assessments. Consequently, there is a need to develop models to communi-
cate the environmental performance of products.

The EU Energy Labelling Regulation in combination with the Ecodesign Directive has success-
fully introduced a benchmark model for energy-related products. The EU Energy Labelling
Regulation outlines a performance scale in a simple communication form based on A-E label-
ling covering energy efficiency of the product during use along with other relevant perfor-
mance features. Here, the consumers are provided with the necessary information to pur-
chase the most energy efficient product on the market. The Ecodesign Directive then sets
minimum requirements for the environmental performance (including energy efficiency) of
the product to be allowed access to the European Market. This combination of cutting out
the worst performing products from the market and informing the consumers about more
energy-efficient products has shown to be a successful strategy. It is estimated that the
Ecodesign Directive and the EU Energy Labelling Regulative will result in energy savings of ap-
proximately 230 million tonnes of oil equivalent (Mtoe) by 2030 (European Commission,
2023b).

In 2022, a proposal for a regulation on establishing a framework for setting ecodesign re-
quirements for sustainable products (2022/0096 (COD)) was published (European Commis-
sion, 2022f). The intention is that the Ecodesign for Sustainable Product Regulation (referred
to as the ESPR) shall repeal the Ecodesign Directive after a transition phase (European Com-
mission, 2022f). The proposal for the ESPR also aims to build on the successful synergy be-
tween minimum performance requirements and information requirements that can drive the
consumer towards more sustainable products (European Commission, 2022f). The infor-
mation requirements should cover the product parameters specified in annex | of the regula-
tion, covering parameters such as: durability, environmental footprint and waste generated
to name a few. The ESPR further specifies that when appropriate the information can be pro-
vided in classes of performance possibly ranging from A to G (European Commission, 2022f).

The ESPR specifies that science-based assessment tools such as the EU’s Product Environ-
mental Footprint method should be considered when setting ecodesign requirements (Euro-
pean Commission, 2022f). Furthermore, the European Commission recommendation on the
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use of the environmental footprint method (EU COM 2021/2279) makes it possible to deter-
mine the environmental footprint from a product with or without a category rule (PEFCR).
When a PEFCR is outlined for a given product category, it will include considerations on
benchmarking, which can be used in comparisons in external communication. The PEF
method also specifies a procedure for developing classes of performance in the A-E scale.

The purpose of this discussion paper is therefore to discuss how the PEF method can support
the classes of performance suggested in the ESPR. The ESPR has a strong focus on material
efficiency, but lifecycle assessment methods can have difficulties in modelling certain mate-
rial efficiency aspects (durability, repair, refurbishment, and upgradability). Consequently,
there might be a need for additional assessment methods to support the product parameters
outlined in annex | of the ESPR. This discussion paper therefore strives to unfold the following
research question:

» How can the PEF-method support the classes of performance within the ESPR, and
which circular aspects need additional assessment methods?

Investigating this research question, this paper will emphasize and discuss the following:

1. How can PEF support the classes of performance?

2. What are the limitations and opportunities for unfolding the PEF-based performance
classes?

3. How and which circular strategies are covered by the PEF-method and what implica-
tions does this have on the need for additional methods to support the circular aspects
highlighted in the ESPR?
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4. The two Policy Instruments

The two policy instruments covered by this discussion paper, the EU’s Product Environmental
Footprint method and the proposal for the Ecodesign for Sustainable Products Regulation,
are introduced in this section. Furthermore, an introduction to the predecessor of the ESPR
the Ecodesign Directive is provided along with its synergies to other policy instruments.

4.1. Introduction to the Product Environmental Footprint

The product Environmental Footprint (PEF) is a lifecycle assessment (LCA) based method for
guantitative assessment (measuring and communication) of the potential lifecycle environ-
mental impact from products. The general PEF method is complemented with product spe-
cific calculation rules, which enable comparison of environmental performance between sim-
ilar products (European Commission, 2023d). One of the main ambitions behind the develop-
ment of PEF was to provide a common methodology that reduces flexibility and subsequently
increases the comparability between products within the same product group (Bach et al.,
2018). Another objective of the PEF methodology was to ensure better understanding of con-
sumer behaviour and better information on products environmental footprint, to avoid mis-
leading claims and improve the ecolabelling schemes (European Commission, 2011). The PEF
method provides less flexibility in the methodological choices compared to the ISO 14040/44,
and the flexibility is further reduced for the product groups where Product Environmental
Footprint Category Rules (PEFCRs) are developed (Bach et al., 2018).

PEFCRs are product specific life cycle-based rules and requirements that provide methodo-
logical guidance for PEF studies on specific product category level. The guidance can be found
in the PEF methods Annex Il (Part) A and covers both how to develop PEFCRs as well as how
to perform PEF studies in compliance with existing PEFCRs (European Commission, 2021a).
Development of a PEFCR starts with designation of a Technical Secretariat who develops a
model for the representative product PEF-RP used in the first draft PEFCR, which is adjusted
through a consultation process and panel review leading to the final draft PEFCR. PEFCRs out-
line the scope, product classification, description of RP and how it has been derived, func-
tional unit, reference flow, system boundary, list of EF impact categories, additional infor-
mation, and limitations. All PEF studies shall be conducted in compliance with a PEFCR, if a
PEFCR is available.

PEF was initiated in 2008 by the European Council who invited the Commission to "develop a
common methodology on the quantitative assessment of environmental impacts of products,
throughout their life cycle, in order to support the assessment and labelling of products"
(Council of the European Union, 2010, 4). The PEF method was developed from 2011 to
2013, which culminated when the European Commission published the first PEF recommen-
dation “on the use of common methods to measure and communicate the life cycle environ-
mental performances of products and organizations” (European Commission, 2013a) as well
as the communication “building the single market for green products” (European Commis-
sion, 2013b).

The recommendation emphasizes PEFs usage to a broad range of societal actors as well as
outline the method in annexes | and Il. Annex | outline the intended application of PEF and its
results, and these are summarized in the bullets below (European Commission, 2013a).
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e Optimization of processes in a product life cycle

e Support designs that can minimize the environmental impact of products in a life cycle
perspective

e Communication of the environmental performance of a product in a lifecycle perspec-
tive through voluntary schemes or individual companies

e Enable robustness and completeness of environmental claims

e Identification of the significant environmental impact when determining ecolabel cri-
teria
e Provide incentive based on a life cycle performance

The PEF methodology was tested during the pilot phase from 2013 to 2018, which included
different verification and communication approaches. Furthermore, PEFCRs were developed
for 24 product categories (European Commission, 2021e). In the following transition phase,
the implementation of the finalized PEFCRs was monitored and new PEFCRs are under devel-
opment for product categories ranging from marine fish, apparel, cut flowers and potted
plants, synthetic turf, and flexible packaging (European Commission, 2021f). As the transition
phase was finalized in 2021, the PEF method has entered a new phase, in which its role in
policy is to be defined.

On the 16" of December 2021, the European Commission published the second environmen-
tal footprint recommendation revising the first recommendation. The latest recommendation
aims to incentivize manufacturing of more environmentally friendly products by helping com-
panies calculate their environmental performance based on reliable, verifiable, and compara-
ble information and to ensure access to such information for other relevant actors in society
(European Commission, 2021b). Additionally, the second recommendation integrates new
technical developments, regarding the PEFCRs, and updates on the application and use of
PEF, specified through Annexes | and Il (European Commission, 2021b). The latest recom-
mendation further establishes three specific uses of the PEF methods in the context of differ-
ent EU policies and legislations, namely the Taxonomy Regulation (European Commission,
2020c), the Sustainable Batteries Initiative (European Commission, 2020b) and the Green
Consumption Pledge (European Commission, 2021g). The potential role of PEF in the pro-
posed ESPR regulation, especially regarding the classes of performance introduced in Annex
I, will be outlined in chapter 5, and discussed in chapter 6.

4.2. Ecodesign Legislation in European Context

Ecodesign legislation in a European context was introduced in 2005 with the adoption of the
Ecodesign Directive, and in 2022 ecodesign legislation took a jump forward with the publica-
tion of the ESPR. The following section will provide a short introduction to the Ecodesign Di-

rective and its synergies to the other product policies along with an introduction to the ESPR.
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4.2.1. The Ecodesign Directive as a Steppingstone for the ESPR

The ESPR can be seen as a continuation of the work done under the Ecodesign Directive dur-
ing the last 18 years. The aim of the Ecodesign Directive is to continuously improve the envi-
ronmental performance of energy-using products from 2005 and then energy-related prod-
ucts with the 2008 revision. This is done by setting minimum performance and information
requirements in product-specific implementing measures or in voluntary agreements.

The Ecodesign Directive takes a lifecycle perspective and strives to target those environmen-
tal aspects with a significant environmental impact or a significant environmental improve-
ment potential. As energy-using products was targeted in the beginning this implied that
most minimum performance requirements focused on energy consumption in the use stage.
The background studies (the preparatory studies) also showed that the significant environ-
mental impact was caused by the consumption of energy in the use phase. However, as the
products became more energy efficient and combined with the transition towards a cleaner
energy mix, the focus began to shift towards material efficiency requirements. This shift was
also supported by the first circular economy action plan from 2015, which emphasised the

Ecodesign Directive as an important policy instrument to drive the circular transition. In 2019,
several material efficiency requirements were adopted in either revised implementing
measures or newly adopted implementing measures. These material efficiency requirements
covered aspects such as: spare parts availability, reparability, upgradability, data deletion, de-
sign for recycling and hazardous substances. This represented a significant shift in the focus
of the ecodesign directive from energy efficiency towards circularity (Bundgaard et al., 2017).

The Ecodesign Directive has not stood alone in the transformation of the market towards
more environmentally friendlier products. It has worked in synergy with other European Pol-
icy mandatory and voluntary policy instruments such as the RoHS Directive, the EU Energy
label, the EU Ecolabel, and the Green Public Procurement (see figure 1).

7 Cut out the ‘ i Encourage
- least ‘ . development
o sustainable of new, more
E products sustainable
@ products
=
e Ecodesign :
§ “C: HSE European
" 0 .
b Ecoabel
3 REACH :
Interventions: GPP

-§ *Pricing and trading '
o Interventions: Voluntary initiatives Interventions:
-E «Minirmum -P'rﬂ-l:_luoer responsibility « Support
- standards *Business support innovation
o *Procurement
a -Labelling
E «Public information
=
4

Less PRODUCT SUSTAINABILITY More

Figure 1: The intended aim and scope of the different European Product-based Policy Instruments
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The intended synergies between the policy instruments are that the mandatory instruments,
such as the minimum performance requirements in the Ecodesign Directive and the re-
striction of hazardous substances in the RoHS Directive, cut off the environmentally worst
performing products from the European internal market. The EU Energy Label provides the
consumers with the mandatory information about the product, which has driven the existing
market towards more energy efficient products. Finally, the EU Ecolabels (and national eco-
labels) and Green Public Procurement guidelines provide the consumers (both private and
public) with information to select the environmentally friendlier products. Thereby, this com-
bination of policy instruments has driven the European market towards cleaner products.

Especially, the synergies between minimum performance requirements in the Ecodesign Di-
rective and information towards the consumers in the EU Energy Labelling has proven to be
effective means to transform the market towards more environmentally friendlier products.
Consequently, initiatives have been taken to improve the synergies between the two instru-
ments such as alignment of the product group definitions as well as on the scopes and tem-
poral aspects.

4.2.2. Introduction to the Ecodesign for Sustainable Products Regulation

The scope of the ESPR is to establish a framework which can improve the environmental sus-
tainability of products and ensure the free movement of products on the internal European
market by setting ecodesign requirements that products shall fulfil (European Commission,
2022f). Therefore, the scope of the ESPR is in line with the old Ecodesign Directive. The ESPR
further specify which aspects the ecodesign requirements should cover such as (European
Commission, 2022f):

e Product durability and reliability

e Product reusability

e Product upgradability, reparability, maintenance, and refurbishment
e The presence of substances of concern in products

e Product remanufacturing and recycling

e Products’ carbon and environmental footprint

e Products expected generation of waste materials

The product specific ecodesign requirements are to be set in delegated acts (European Com-
mission, 2022f). In addition to the ecodesign requirements, the ESPR also establish a digital
product passport, provides the framework for setting mandatory green public procurements
criteria and creates a framework to prevent the destruction of unsold consumer products
(European Commission, 2022f).

The ESPR extends the product scope compared to the Ecodesign Directive, as it covers all
products except for food, feed, medicinal products, veterinary medicinal products, living
plants, animals and micro-organisms and products of human origin (European Commission,
2022f).

The ecodesign requirements should cover both performance requirements as established in
Article 6 and information requirements as established in Article 7 (European Commission,
2022f). The performance requirements should take outset in the aspects listed in Annex | of
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the ESPR (European Commission, 2022f). The performance requirements should when rele-
vant include minimum or maximum levels or non-quantitative requirements in relation to the
specified aspects. Finally, the performance requirements can also cover requirements to the
functional performance of the product (European Commission, 2022f)

The information covers as a minimum the information requirements set out in the product
passport and the information requirements in relation to substances of concerns (European
Commission, 2022f). These minimum information requirements can if appropriate be accom-
panied with information on the performance of the product in relation to the parameters
listed in annex | of the ESPR (European Commission, 2022f). The proposed regulation further
specifies that when establishing information on the performance of the product, classes of
performance shall be determined when appropriate (European Commission, 2022f).

The classes of performance shall correspond to the statistically signification improvement in
the performance levels (European Commission, 2022f). Information on handling the product
in the use phase to ensure optimum durability and the handling of the product to ensure
proper end-of-life treatment shall be included in the information requirements when appro-
priate (European Commission, 2022f). Further specification on the intended use of classes of
performance outlined by the ESPR will be discussed in chapter 5.

Thereby, the ESPR is a combination of several policy means which potentially can help trans-
form the market towards more environmentally friendlier products as illustrated in figure 2.
The minimum performance requirements can help cut out the worst performing products
from the market.

The information requirements potentially in the format of classes of performance and the
digital product passport can provide information on the environmental performance of the
products and thereby drive the market towards more environmentally friendlier products.
Finally, the Green Public Procurement framework can encourage the development of new
more environmentally friendlier products. This idea of embedding the different policy means
in the same regulation is also in line with the idea of the integrated Product Policy introduced
by the European Commission in 2003. However, the realisation and effect of these potential
synergies will depend on the development of the product-specific delegated acts.

. N . . 1
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friendly products . development of new,
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: friendly products

Cut out the worst
= performing products

= Minimum
performance
= requirements

GPP Framework

Information requirements
Classes of performance
Digital Product Passport

NUMBER OF PRODUCTS ON THE MARKET

LESS Environmental performance MORE

"

Figure 2: Potential synergies between the policy means introduced in the ESPR
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5. Opportunities for using the PEF-based classes of performance
in the ESPR

The first recommendation on the use of PEF from 2013 did not consider the Ecodesign Di-
rective as a possible application of the PEF method or its results (see bullets in section 4.1).
Still, elements from the PEF method are under implementation in the 2020 revision of the
Methodology for Ecodesign of Energy-Related Products (MEErP) such as a simplified version
of the Circular Footprint Formular, the 16 impact categories and the EF datasets from PEF
(Bundgaard et al., 2022; Caldas et al., 2021). Furthermore, specific reference is made to the
PEF method in the ESPR.

This section aims to outline the opportunities for using the PEF method in the ESPR by pre-
senting PEF results as seen in Annex |l of the PEF method, including both benchmark (A.5.1)
and classes of performance (A.5.2), compared to the role of performance classes in the ESPR.

5.1. Classes of performance in PEF

The PEF method establishes that identification of classes of performance is optional, and the
technical secretariats can define a method for identifying classes of performance as they find
relevant (European Commission, 2021a). However, a method for establishing performance
classes is exemplified in A.5.2 in annex 1, in the form of five-levels (European Commission,
2021a). Thus, it is emphasised in the PEF method that the procedure described is only an ex-
ample of how the scale could be established (European Commission, 2021a). The classes of
performance in PEF range from category A as the best in class with lowest environmental im-
pact to category E which subsequently represents the worst class for products with the high-
est environmental impact (European Commission, 2021a).

The classes of performance in the PEF method can be seen as one type of communication ve-
hicle for PEF results and is referred to as a five-level benchmark A-E (Nordic Environmental
Footprint Group, 2018). Different reports have been published throughout the years compar-
ing and testing different communication vehicles for the environmental footprints of prod-
ucts. The reports provide valuable insights into the effect and implications of applying the A-E
scale compared to other alternatives and other established types of communications like the
Nordic Swan Label, this is unfolded in section 5.4.

The classes of performance in PEF are identified through a single overall score, which is the
sum of the weighted environmental footprint results of all 16 impact categories (European
Commission, 2021a). The PEF method establishes the limits between the classes of perfor-
mance by the indexation as presented in table 1.

Category Class of performance boundaries
A 0S < BP + (BM-BP) * 0.30
B BP + (BM-BP) * 0.30 < OS < BP + (BM-BP) * 0.85
C BP + (BM-BP) * 0.85 < OS < WP + (BM-WP) * 0.85
D WP + (BM-WP) * 0.85 < OS < WP + (BM-WP) * 0.30
E 0S > WP + (BM-WP) * 0.30
Table 1 Overview limits of the performance classes exemplified in the PEF method (European Commission,
2021a)

e BP: the single overall score of the best product
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e WHP: the single overall score of the worst product

e BM: the single score of the Representative Product (benchmark value),

e 0S: a single overall score of a specific product calculated in a PEF study in compliance
with a PEFCR (European Commission, 2021a).

The limits of the five-level A-E scale is defined in relation to single scores and rely on identifi-
cation of the midpoint of class C and the two extremes of class A and E. Once these are iden-
tified the limits of the other classes are identified according to table 1 (European Commis-
sion, 2021a). The single overall score of the representative product (BM) outlines the mid-
point of class C and is calculated using the second PEF Representative Product (PEF-RP) (Euro-
pean Commission, 2021a). The upper and lower limits of the category A and category E are
identified using a sensitivity analysis on the model of the PEF-RP, in cases where there are
more than one PEF-RP then an analysis is performed on all PEF-RPs (European Commission,
2021a). A prerequisite for doing the sensitivity analysis is that the industry data provided by
the technical secretariat members, and once the parameters can be identified, then the theo-
retical best product and theoretical worst product can be found by assigning either the best
technically feasible value or the worst technically value for the parameters (European Com-
mission, 2021a). This thus defines the upper limit of category A (0S-BP) and the lower limit of
category E (OS-WP) (European Commission, 2021a).

The PEF method summaries the PEF classes of performance in a visual representation as the
one shown in figure 3:

e

e

T OE-BF
Category A <
EF+{EM-BPF)*0,30 il Hbt b = = — = === =~~~ - -
Category B
EP+{BM-BP)*0,85 il Hbl b === — = = = =~ - ----
Category C  <— =M
WFP={EM-WF)"0,85 il Hbt b = = — = === =~~~ - -
Category D
WP={EM-WP)*0,30 il Hbl b === — = = = =~ - .
Category E OS-WP

Figure 3 Visual representation of how to establish the limits of the PEF classes of performance. Adapted from An-
nex I, Figure M-3 (European Commission, 2021a: 143)

5.2. Performance Classes In the ESPR

As a starting point on how the PEF performance classes could play a role in the ESPR, the def-
initions and terminology applied in the proposed ESPR is interesting: Article 2 includes a defi-
nition of PEF and defines environmental footprint as “a quantification of a product environ-
mental impacts, whether in relation to a single environmental impact category or an aggre-
gated set of impact categories based on the Product Environmental Footprint method” (Euro-
pean Commission, 2022f, article 2). From this definition, for determining a product's environ-
mental footprint, the PEF method is seen as the main reference. The ESPR defines ‘class of
performance’ as “a range of performance levels in relation to one or more product
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parameters referred to in Annex I, ordered into successive steps to allow for product differen-
tiation” (European Commission, 2022f, 44).

The product parameters presented in Annex | are listed in table 3. The ESPR further emphasis
in Article 14, that the layout and the layouts content, including classes of performance, must
be specified in the delegated acts (European Commission, 2022f). Furthermore, it is specified
that for energy-related products the energy label is the primary instrument for giving infor-
mation to the consumers and that classes of performance should be incorporated into the EU
Energy Label as supplementary information when appropriate (European Commission,
2022f). Indicating that at least for energy-related products the classes of performance could
resemble the energy labelling scale. Thus, it will be based on a product group to product
group evaluation as defined in the delegated acts.

5.3. The use of PEF performance classes in the ESPR

The PEF method does not provide a general definition of how classes of performance should
be understood. Nonetheless, PEF still provides an example of a five-level A-E scale, as intro-
duced above, which could be used on a product specific level. This A-E scale suggested in PEF
correlates with the definition and the intention of classes of performance in the ESPR as it
presents a range of performance levels ordered in successive steps ranging from best class
(category A) and to worst class (category E). This thus outline both a performance range and
logical order which resonate with consumers due to the similarities to the EU Energy Label-
ling. A detailed discussion on the use of the A-E scale as a communication vehicle is unfolded
later in this chapter. The PEF method is based on 16 impact categories and their ability to
cover the product parameters in Annex |, especially in terms of the notion of “one or more
product parameters” in the ESPR definition of class of performance will be discussed in chap-
ter 6.

An important aspect to highlight is, that the ESPR does not entail binding requirements on
the establishment and use of classes of performance, but rather state that classes of perfor-
mance shall be defined “as appropriate” (European Commission, 2022f article 7), which influ-
ence the extent to which it is possible to be certain of the future role of classes of perfor-
mances in ESPR.

In the Impact Assessment accompanying the proposal ESPR (SWD(2022) 82 final) PART 1/4
establishing classes of performance is suggested as a measure under two different options
for how to ensure better access to sustainability information along the value chain. The two
options are “sustainability information to consumers” and B2B and to “reward more sustaina-
ble products through incentives” and both are included in the preferred combination of policy
options throughout the impact assessment documents (European Commission, 2022b). The
Impact Assessment accompanying the proposal ESPR (SWD(2022) 82 final) PART 2/4 presents
results from an open public consultation. These results indicate that various stakeholders
support and acknowledge the need for classes of performance. The EU citizens and consumer
organisations strongly support the options on enhanced incentives measures as 75 % indi-
cated support or strong support for identifying classes of product performance. Furthermore,
53 % of business associations and companies and 83 % of EU public authorities supported or
strongly supported the idea of identifying classes of performance (European Commission,
2022c).
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Article 14 in the ESPR on Labels, further specifies that when information requirements in-
clude a label for the class of performance of a product according to Article 7(4), then the lay-
out of the label shall make it easy for consumers to compare product performance in relation
to the relevant product parameter and thus choose the better performing product (European
Commission, 2022f). Here, it is further seen that for energy-related products where infor-
mation on a relevant product parameter cannot be included into the energy label, then it will
be possible for the commission to require development of a label in accordance with the
ESPR regulation (European Commission, 2022f).

The ESPR proposal is broad by intention. This entails, that the ESPR does not specify the re-
quirements in much detail, as these are to be defined in the delegated acts adopted accord-
ing to Article 4 (European Commission, 2022f). In the ESPR, it is emphasized, that the dele-
gated acts can determine classes of performance for one or more relevant product parame-
ters, as part of the information requirements, to enable comparison of products based on the
corresponding product parameters to drive the market towards more sustainable products
(European Commission, 2022f).

The Impact Assessment of the proposal ESPR (SWD(2022) 82 final) PART 4/4 exemplifies the
impact and implication for the different SPI related policy options based on a case study on
the product group jeans. An interesting finding is that a prerequisite for doing the case study
have been the assumption that a PEFCR is available used in combination with other tools and
sources of information (European Commission, 2022d, p. 483). THE PEFCR hotspot analysis is
highlighted as a means for identifying environmental criteria and a PEF study is suggested for
the requirement on minimising the environmental footprint of a product. The case study
quite interestingly further state, that PEFCRs allows for establishing classes of performance
on sustainability based on the 16 PEF impact categories either as a total score or based on
one of the impact categories. Three different alternatives are presented on how to poten-
tially establish environmental footprint classes of performance of a product, these are (Euro-
pean Commission, 2022d):

e Classes of performance on total environmental impact of a product (scale in points)

e Classes of performance on one impact category e.g., climate change (scale in kg CO,-

eq)
e Classes of performance on specific processes e.g., water use (scale in m3)

Classes of performance can enable differentiation of products based on their relative sustain-
ability and of relevance both to consumers and public authorities. The classes of performance
in PEF can have some methodological relevance in the ESPR. As illustrated above the impact
assessment of the proposal of the ESPR (SWD(2022) 82 final) PART 4/4 introduce PEF as a
methodology for establishing a scale for environmental footprint classes of performance. The
case study further exemplifies circularity requirements for durability and recyclability high-
lighting different test methods and information requirements on a visible label, however,
with far less detail than the EF requirements (European Commission, 2022e, pp. 485-486).
Thus, uncertainty remain about the circularity requirements in the ESPR on durability, relia-
bility, repair etc. are to be documented and communicated using classes of performance.
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5.4. Choosing communication vehicle — benefits and barriers of the A-E
scale

The development and testing of different communication vehicles for PEF have been an itera-
tive process based on support and feedback during the pilot phase from various stakeholders
and involvement of the public to do actual testing on possible communication vehicles. This
process and the benefits and barriers of the A-E scale are relevant to understand when dis-
cussing its potential relevance in the ESPR.

The European Commission published in 2016 “Background Document for testing of Communi-
cation Vehicles in the Environmental Footprint Pilot Phase 2013-2016” in which some general
principles are laid down to specify what the test on communication vehicles needed to con-
sider, including an annex listing some of the communication vehicle that could be tested (Eu-
ropean Commission, 2016).

In the final report Assessment of different communication vehicles for providing Environmen-
tal Footprint Information by the European Commission, it was concluded that the A-E scale
PEF label is the most effective type of communication vehicle for PEF results using an average
product score (Lupiafiez-Villanueva et al., 2018). The report draws on studies on both con-
sumers and B2B preferences supporting the use of an A-E scale. Additionally, communication
tests with consumers showed that the impact categories of PEF are too complex to under-
stand and that there is a need to translate this complex information into simple information.
The consumers prefer graphics, bars and scales and the report concluded that the label
should be supported by QR codes, bar codes, links, and websites etc., where further infor-
mation can be displayed for those interested (Lupiafiez-Villanueva et al., 2018).

It is important to understand how the communication vehicle acts as a choice architecture,
that ultimately influences whether a green purchase decision is made by the consumer or
company (Nordic Environmental Footprint Group, 2018). The PEF label communication (scor-
ing system for A-E scale and benchmark) is understood as one type of choice architecture.
Other eco-labels use other choice architectures, e.g., the Nordic Swan and EU Ecolabel pro-
vide the consumer with the possibility to take an easy and fast choice based on the presence
or absence of a label. Contrarily, the EU Energy label provides more information to the con-
sumer and involves choosing a specific preference between the levels A-E (Nordic Environ-
mental Footprint Group, 2018), as also suggested in the PEF method.

When talking about how to communicate the environmental performance of products using
the PEF method, it is relevant how other policy areas are considering the potential synergies
with the PEF method. The report Product Environmental Information and Product Policies —
How Product Environmental Footprint (PEF) changes the situation? from 2019 examines how
PEF and Type 1 eco-labels, especially the Nordic Swan can benefit from each other (Nissinen
et al., 2019). The report concludes, amongst others, that it is crucial to obtain a synergy be-
tween the PEF communication and type 1 eco-labels in terms of the message they disclose to
the consumer regarding what the “greenest product” is, and it advocates for further exami-
nation of how such an alignment can be obtained. This is supported in another report, which
further specifies that the product categories between PEF and the Nordic Swan differs, mak-
ing it difficult to compare across the two schemes and causing different results in terms of
the best product (Suikkanen et al., 2019). Another study recommends using PEF and the EU
Ecolabel in combination as well (Minkov et al., 2020).
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The potential benefits of using the A-E scale in the ESPR is its resemblance to the EU energy
label scale and that it communicates clearly in terms of the PEF results. However, a potential
barrier is related to its choice architecture properties as it enables consumer interpretation
of the scale, where the consumer can assign value to a score from A to E based on their sub-
jective understanding. Another weakness is that the consumers might be satisfied with the
average levels, which will hinder one of the expected benefits of the PEF communication,
namely a “pull from the market” as well as a “push at the back” for the worst performing
products (Nordic Environmental Footprint Group, 2018). Contrarily, the A-E scale does enable
differentiation between the products compared to “best in class” used in other ecolabels like
the Nordic Swan, the EU ecolabel, and the Blue Angel (Nordic Environmental Footprint
Group, 2018).

To summarize this section, the A-E scale has some benefits in terms of communication of re-
sults, which supports the role of PEF in the ESPR. However, several major risks emerge when
communicating such complex product parameters as those outlined in the ESPR. These risks
relate to the consumers perception and behaviour as weighting and aggregation of results
causes a low transparency. This is elaborated in chapter 7.

5.5. Establishing the Representative Product

When examining the opportunities of unfolding the PEF method in the ESPR in terms of de-
fining a scale for the classes of performance, it becomes evident that a prerequisite is infor-
mation feedback from the industry, allowing the worst- and best performing product as well
as the representative product (RP) to be defined. It is therefore relevant to see how bench-
marking can be done within the scope of the ESPR including considerations as to how the
representative product can be identified, taking point of departure in the PEF methodology.
Consideration will also be given to how the MEErP similarly puts up a framework for bench-
marking based on the concept “base case(s)”, which to some extent corresponds to the RP
used in the PEF method.

In the PEF method Annex Il, it is stated, that a benchmark should be provided in a PEFCR for
each RP and correspond to the PEF profile of the second PEF-RP modelled in the PEF study
(European Commission, 2021a). The results of the benchmark must be provided for each RP
in both characterized, normalized, and weighted results for all EF impact categories and as a
single overall score based on a set of weighting factors. It further specifies that results should
cover |) the total life cycle, and Il) the total life cycle excluding the use stage (European Com-
mission, 2021a). The Technical Secretariat develops a “model” for the representative product
in relation to the product category within the scope of the PEFCR (European Commission,
2021a). When establishing the RP, the data used shall match realistic market averages and be
recent (European Commission, 2021a). Moreover, the RPs must reflect the current situation
at the time the PEFCR is developed, thus future scenarios for technologies, transport etc. are
to be excluded (European Commission, 2021a).

The definition of the RP in the PEF method states that the RP can be a real or a virtual (non-
existing) product, especially if the market is made up of different technologies (European
Commission, 2021a). The virtual product should be calculated using the average European
market sales-weighted characteristics for all existing technologies/materials related to a
product category or sub-category (European Commission, 2021a). However, the PEF method
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also allows for other weighting sets to be used if justifiable, an example being the weighted
average of mass (ton of material) (European Commission, 2021a).

Determining the RP is part of the process of developing the PEFCRs. First, the RP is defined by
the technical secretariat, and then the first PEF study on the representative product is per-
formed, here no cut-offs are allowed on processes, emissions to the environment or the re-
sources from the environment. All stages and processes should be covered. The output of
this study is a PEF-RP report. Then based on information from consultations and supporting
studies, a second PEF-RP is modelled, as the PEF study on a RP is an iterative process. The
second PEF-RP study shall, amongst others, identify the values for the benchmark (European
Commission, 2021a). The environmental performance of an RP represents the benchmark.
The RP can thus be seen as a reference point. Benchmarking against an RP cannot be done
without a PEFCR. For each RP at least three PEF supporting studies shall be carried out (Euro-
pean Commission, 2021d).

In 2023, there are not yet developed a method for defining a representative product in the
proposal for the ESPR. However, it is stated in annex Il of the ESPR that: product or products
in question on the market and identify the technical options for improving the product perfor-
mance” (European Commission, 2022c, 3). More specifically, the technical, environmental,
and economic analysis shall pick several representative models of products on the market
and identify potential improvements (European Commission, 2022a).

The Ecodesign Directive identify in MEErP, like the PEF method, a benchmark called the base
case. The base case is identified in task 4 of the MEErP along with an analysis of the technolo-
gies and then an environmental and economic analysis is made in task 5 and 6 (Kemna,
2011). In the following, we will investigate how the base case is defined within the frame-
work of the Ecodesign Directive.

In MEErP, the notion base case is used to similarly define the average EU product. In MEErP,
the base case(s) are defined as: “The Base Case may or may not be a real product that one
can buy on the market. Especially when the market is made up of different technologies, the
Base Case will be a virtual (non-existing) product with the average sales-weighted character-
istics of all technologies around” (Kemna, 2011, 17).

The definitions of RP and base case indicate that they are methodological compatible and
serve the same function in terms of how they determine the respective point of reference for
benchmark. Nonetheless, to better understand how they are both applied in practice an ex-
ample is included to compare the base cases used in the MEErP for Photovoltaic (PV) Mod-
ules and the finalized PEFCR for PV Modules, see table 2.
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PEFCR for Photovoltaic Modules (PEFCR pages 18-22)

Product categories:

The product analysed is a “pho-
tovoltaic module” used as a
general term for panels (framed
modules) and laminates (un-
framed modules).

Mounting is part of the product.

Inverters and the AC cabling is
not part of the product ana-
lysed.

Representative products:

The average photovoltaic module is a virtual product. The
PEFCR include five subcategories covering the following tech-
nologies:

- Cadmium-Telluride photovoltaic modules (CdTe)

- Copper-Indium-Gallium-Selenide photovoltaic
modules (CIS / CIGS)

- Micromorphous Silicon photovoltaic modules

(micro-Si)

- Multicrystalline Silicon photovoltaic modules
(multi-Si)

- Monocrystalline Silicon photovoltaic modules
(mono-Si)

The rated power of the module should not be lower than 100
Watt and the size not below 0.5 m?. The RP specifies the tech-
nology mix (using global production volumes of PV technolo-
gies) and the bill of material (listed per square meter of mod-
ule and relative to total mass of input material for unframed
laminate. It is based on weight of materials from LCI of differ-
ent technologies).

MEErP for Photovoltaic Modules (PS for PV pages 269-325)

Product categories:

The product categories are de-
fined in task 5 as three base
cases:

BS1: Residential multi crystal-
line Si BSF

BS2: Commercial multi crystal-
line Si BSF

BS3: Utility scale multi crystal-
line Si BSF

Both mounting and inverters
are part of the products ana-
lysed.

Base cases:

The three base cases are further specified by:

BS1: Residential multi crystalline Si BSF - Multi crystalline Si

Cell, String Inverter 2500 W, Roof Mounting

BS2: Commercial multi crystalline Si BSF - Multi crystalline Si
Cell, String Inverter 20 kW, Roof Mounting

BS3: Utility scale multi crystalline Si BSF - Multi crystalline Si
Cell, Central Inverter 1500 kW, Ground Mounting

Table 2 Example on product category and base case / representative products for Photovoltaic Modules from
Wesnaes (2019)

Based on table 2 there are some differences between MEErP and PEF in terms of how the
product categories are defined, where PEFCR includes different technologies, then the
Ecodesign preparatory study only covers Multi Si panels. Another difference is that the in-
verter for PV modules is included in the Ecodesign preparatory study but not in the PEFCR.
There are some discrepancies in the actual implementation of the methods in MEErP and
PEF, but their methodological framing is somewhat similar. Hence, to ensure that the PEF
method can be used in the ESPR, when establishing the performance classes, it is important
the representative product or base case, which it is called in the context of the Ecodesign Di-
rective, is aligned.
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5.6. Sub-conclusion: A stepwise implementation strategy and duality of op-
portunities

Both the ESPR and the PEF method covers the idea of providing the consumers with infor-
mation on the performance of the product in the form of performance classes. The PEF
method suggests using an A to E scale based on the weighted LCA results and provides an ex-
ample on how to establish the scale. The ESPR, on the other hand, leaves the layout and con-
tent of the scale to be defined in the delegated acts. Therefore, it is possible that there will
be different type of scales or scales with different indicators across the different product cat-
egories. This will remain unsure until the delegated acts are established.

For energy-related products the classes of performance should be incorporated into the en-
ergy label unless there are good reasons not to do so. The EU Energy Label has a similar scale
as the one proposed in the PEF method but ranges from A to G (European Commission,
2017). It is possible that the performance classes defined in the PEF method can be used as
the outset for future classes for performance in the delegated acts under the ESPR - if a
PEFCR is in place for the product under consideration. This is supported by its similarity to the
scale of the EU Energy Labelling. However, it will require new studies to examine the applica-
tion in this new context and testing on actual product groups.

The PEF method also provides an example of a procedure for how to establish the specific
scale based on the performance of the theoretical best product, the theoretical worst prod-
uct, the representative product, and a score of a specific product. Obtaining this information
requires that a PEFCR is developed for the product group, but also that the industry provides
the necessary data.

However, instead of establishing the scale based on the PEF methodology using the theoreti-
cal best product, the theoretical worst product, the representative product, and a score of a
specific product outset could be taken in data on the environmental footprint or impact of
product on the market. This data could be obtained by setting information requirements in
the ESPR making the producers obligated to provide the data on the environmental perfor-
mance of their products. Within the framework of the Ecodesign Directive, it has previously
been practised to first set information requirements to a specific ecodesign parameter and
then subsequently set minimum requirements after a few years. The same method could be
applied here. Hence, when establishing the specific scale, the stepwise implementation could
be suggested:

1. Firstly, information requirements are set in delegated acts making the producers or
importers obligated to provide information on the environmental performance of the
product such as environmental footprint, environmental impact of the product or
other specific product parameter relevant for that product category.

2. Secondly, when data has been collected for a suitable period a A-E scale can be estab-
lished based on environmental performance data of the products on the market pro-
vided by the producers or importers.

3. Thirdly, information requirements steps into force in the delegated acts on labelling of
the products in compliance with the classes of performance on a scale from A-E which
is based on the market data.
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4. Fourthly, minimum performance requirements steps into force in the delegated acts
phasing-out the worst performing products on the market based on the A-E scale and
the market data provided.

There are indications that this could be a possible road forward as information requirements
on LCA results are suggested in the preparatory study for photovoltaics modules, inverters,
and systems and the proposal for regulation concerning batteries and waste batteries.
Another aspect to consider is using indexes as the French Durability index as an informative
instrument used to guide both industry and consumers. The French durability index is intro-
duced in section 8.2 and described as a potential additional assessment method.

Defining the scale of performance classes is a data driven task that requires the industries in-
volvement and support, which in the past have shown to be difficult on a voluntary basis. It
also requires extensive insights into the market. Contrarily, regulation on the matter is an ef-
ficient way for ensuring that the industry is prioritizing data on their products. The ESPR
could therefore provide the needed regulatory frames especially as it also introduces a Euro-
pean digital product passport. This is supported in a discussion paper by the Nordic Environ-
mental Footprint Groups (2018) in which a long-term vision is presented for the PEF commu-
nication. The paper suggests that the EU Commission and national authorities must ensure
appropriate legislation and amendments of existing regulations, including the Ecodesign Di-
rective, to cover new requirements related to the PEF communication. Another precondition
is that the EU Commission establish and support a data register for data applied in verified
PEFs, which would enable the Commission to update the product benchmark and perfor-
mance classes regularly.

A difference between the PEF methodology and what is suggested within the ESPR relates to
how the environmental performance of a product should be communicated in relation to the
classes of performance. The PEF method suggests the use of an aggregated single score
based on all impact categories, whereas the ESPR are open to identify one or more relevant
impact categories depending on the product in question.

In general, a premise of ensuring a relation between PEF and the ESPR is an alignment of the
product categories, however this has yet to happen. An example is the product definition of
PV modules in the PEFCR and in the implementing measures for PV models, which are not
aligned. However, recent efforts are made for both PV modules and batteries to further align
the methods. Wesnaes Skov Hansen and Gydesen (2019) also concludes that it is possible to
align the product categories between the PEFCR and Implementing Measures. The differ-
ences between the two schemes are considered minor and therefore the study emphasizes
that it is possible to define the same product category and base cases in both schemes, and
that such an alignment can be done without compromising either method.

The broad scope of the ESPR product parameters covers product properties like durability,
reliability, maintenance, reuse, and refurbishment etc., which will not be covered by simply
aligning the impact categories. The PEF methods ability to cover the circular product parame-
ters of the ESPR is unfolded in the following chapter.
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6. The Product Parameters from the ESPR and the PEF Impact
Categories — the challenges of Circularity

The ESPR annex | specify several product parameters to consider when setting specific and
information requirements on product performance in the product specific delegated acts.
The extent to which the PEF impact categories and thereby the PEF classes of performance
will be able to cover these product parameters varies. Table 3 provides an overview of the
product parameters, and to which extent these parameters are covered by the impact cate-
gories included in the PEF method or if the products parameters are included in the calcula-
tion of the PEF results.

This section does to some extent support the findings of chapter 5 on the opportunities of us-
ing PEF in the ESPR. As the table below indicates, then some of the impact categories in PEF
can be used to cover the product parameters introduced in the ESPR.

However, the ability of the impact categories to cover the product parameters varies and be-
comes insufficient on the circular parameters that are linked to prolonging the lifetime of the
products. This is elaborated after the table, where red indicates that they are NOT covered by
the PEF impact categories. Yellow indicates that they are partly covered by the PEF method,
but not directly communicated to the customer or consumer as a specific product parameter.

Green indicates that they are covered by the PEF impact categories.

Product parameters

Covered by the PEF method

Durability and reliability

Indirectly covered in the functional unit but is
not provided as a specific result.

Ease of repair and maintenance

Not covered

Ease of upgrading, reuse, remanufacturing, and
refurbishment

Not covered

Ease and quality of recycling

Indirectly covered in the Circular Footprint For-
mular but is not provided as a specific result.

Avoidance of technical solutions detrimental to
re-use, upgrading, repair, maintenance, refur-
bishment, remanufacturing and recycling of
products and components.

Not covered

Use of substances, on their own, as constituents
of substances or in mixtures, during the produc-
tion process of products, or leading to their
presence in products, including once these prod-
ucts become waste;

Included in the life cycle inventory depending on
the cut-off criteria.

Limitedly covered by ecotoxicity and human tox-
icity but these impact category methods are not
mature enough to be applied in external com-
munication.

Consumption of energy, water, and other re-
sources in one or more life cycle stages of the
product,

Partly covered by the impact categories re-
source use (minerals and metals), resource use
(fossil), water use and land use.

including the effect of physical factors or soft-
ware and firmware updates on product effi-
ciency,

Not covered by the PEF method

including the impact on deforestation;

Included as direct land use change

Use or content of recycled materials

Use of recycled materials is included in the Cir-
cular Footprint Formular but is not provided as a
specific result.
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Weight and volume of the product and its pack-
aging and the product-to-packaging ratio

Weight and volume of the product is included in
the calculation of the PEF calculation depending
on the system boundary and/ or the functional
unit the packaging material may also be in-
cluded in the PEF calculation. However, it is not
provided as a specific result.

Incorporation of used components

Not covered by the PEF method

Quantity, characteristics, and availability of con-
sumables needed for proper use and mainte-
nance.

Not covered by the PEF method

The environmental footprint of the product, ex-
pressed as a quantification, of a product’s life
cycle environmental impact, whether in relation
to one or more environmental impact categories
or and aggregated set of impact categories

Covered

The carbon footprint of the product

Covered

Microplastic release

Not coved by the PEF method.

Emission to air, water, or soil in one or more life
cycle stage of the product

Partly covered by the impact categories: particu-
late matter, ionizing radiation, photochemical
ozone formation, acidification, eutrophication
(terrestrial, freshwater, marine), ecotoxicity
freshwater.

Amounts of waste generated

Waste is included when calculating the PEF re-
sults and as part of the circular footprint formu-
lar. However, a specific result on waste gener-
ated is not provided.

Conditions for use

Not covered by the PEF method.

Table 3: Overview of the product parameters from the ESPR and if they are covered by PEF impact categories or the

PEF methods.

6.1. The environmental and Carbon Footprint of a Product

The application of the PEF methods suggested classes of performances may play a key role
related to two product parameters from the ESPR, - namely the performance or information
requirements on environmental footprint of the product and the carbon footprint of the prod-
uct. Here, there is an obvious link between the PEF impact categories and the ESPR product

parameters.

Within the scope of the old Ecodesign Directive, these types of requirements have already
emerged in the preparatory study for photovoltaics modules, inverters, and systems (Dodd et
al., 2020), but also in the preparatory study for rechargeable batteries (Van Tichelen et al.,
2019) and the proposal for regulation concerning batteries and waste batteries (European

Commission, 2020b).

For photovoltaics modules, inverters, and systems an information requirement is suggested
on Gross Energy Requirements (GER) and Global Warming Potential (GWP) and for batteries
carbon footprint is suggested (Bundgaard et al., 2022). For both product groups, the PEFCRs
for rechargeable batteries and photovoltaic electricity production respectively are suggested
as possible methodological basis for the requirements (Bundgaard et al., 2022). In both cases,
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the information requirements concern specific impact categories and not an aggregated
value in the form of classes of performance. Instead, specific impact categories have been se-
lected based on the significant environmental impacts that the regulation should target
based on the lifecycle impact assessed in the preparatory study.

6.2. Emissions to air, water, or soil in one or mor elife cycle stages of a
product

The PEF method covers several impact categories in relation to emission to air, water, and
soil such as particulate matter, ionizing radiation, photochemical ozone formation, acidifica-
tion, eutrophication, ecotoxicity freshwater (European Commission, 2021a). This section
elaborates on the impact categories in the PEF method and its ability to cover the product
parameters related to emissions to air, water, or soil.

Particulate matter is included as an environmental footprint impact category. The indicator is
the impact on human health with a unit of disease incidences (European Commission,
2021a). The characterization models cover both outdoor and indoor exposure to particular
matter and the effect on human health (Fantke et al., 2016). The characterization model is
based on Fantke et al (2016). This impact category covers the product parameter related to
emissions to air (Fantke et al., 2016).

lonizing radiation is included as an impact category in the PEF method. This impact category
is lonized radiation, human health and it covers the human health damages related to the
man-made routine releases of radioactive material to the environment (European Commis-
sion, 2021a). The impact category indicator is human exposure to efficiency relative to U?*
with the unit kBq U235.,. The characterization model is based on Frischknecht (2000).

Photochemical ozone formation is also an impact category in the PEF method. The impact
category covers emissions to the air and the indicator is tropospheric ozone concentration
increase with the unit kg NMVOC., (European Commission, 2021a). The characterization
model applied is a human health effect model LOTUR EUROS on ozone formation at ground
level in the troposphere caused by photochemical oxidation of Volatile Organic Compounds
and carbon monoxide in the presence of NOx and sunlight (European Commission, 2021h).
The model is by Van Zelm et al. (2008) as applied in ReCiPe 2008.

Acidification is also included in the PEF impact categories and uses the indicator accumulated
exceedance (AE) in the unit mol H" eq (European Commission, 2021a). The indicator AE is
used to characterize change in the critical load exceedance of sensitive terrestrial and main
freshwater ecosystems where substances that can acidify are deposited (European Commis-
sion, 2023c). The characterization model is on accumulated exceedance made by Seppéla et
al. (2006) and Posch et al. (2008).

There are three impact categories in the PEF method for eutrophication covering terrestrial,
freshwater and marine. The impact category for terrestrial eutrophication uses the indicator
accumulated exceedance where the unit is MOL Neg, as terrestrial ecosystems mainly become
eutrophied by nitrogen emissions to air (European Environment Agency 2021). The character-
ization model applied is, like acidification, accumulated exceedance by Posch et al. (2008)
and Seppala et al. (2006) . For freshwater eutrophication the indicator is the fraction of nutri-
ents reaching freshwater end compartment (p) in the unit kg P-eq (European Commission,
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2021a). For marine eutrophication the indicator is the fraction of nutrients reaching marine
end compartment (N) in the unit Kg N-eq (Cosme et al., 2016; European Commission, 2021a).
The different impact categories have, as indicated by the units different characterized sub-
stances. Both categories use the EUTREND model by Struijs et al. (2009) as applied in ReCiPe.

Ecotoxicity freshwater is the last relevant impact category in the PEF method for these prod-
uct parameters. This category covers emissions caused by use of various substances, such as
chemicals and heavy metals, that cause ecotoxic impact on freshwater damaging the ecosys-
tem quality (BRE Group, 2023). The indicator is the comparative toxic unit for ecosystems in
the unit CTUe. The characterization model is based on the USEtox2.1 model Fantke (2016),
adapted as in Saouter et al. (2018).

It will to a high extend depend on the product category under consideration, if these impact
categories cover the most important emissions to air, water and soil related to the life cycle
of the product. Therefore, a product-by-product evaluation may be needed, to evaluate if all
impact categories are relevant or if other impact categories are needed, as also done in the
supporting studies of the PEFCRs.

6.3. Use of Substances

The appendix to the ESPR also contains a product parameter targeting the use of substances
more specifically it states: “use of substances, on their own, as constituents of substances or
in mixtures, during the production process of products, or leading to their presence in prod-
ucts, including once these products become waste” (European Commission, 2022a). Sub-
stances used in the life cycle of the product will of course be part of the lifecycle inventory,
unless they are allowed to be excluded based on the cut-off-criteria.

However, the PEF method also covers an impact category on ecotoxicity for fresh water and
two on human toxicity, which could potentially be relevant for this product parameter, if also
targeting substances of concern. As explained in section 6.2, ecotoxicity freshwater covers
substances, that cause ecotoxic impact on freshwater damaging the ecosystem quality.
Thereby, the substances covered primarily are those which have an impact on the quality of
freshwater ecosystems. For human toxicity, (cancer and non-cancer) the indicator is com-
parative toxic unit for humans (CTUp) and is based on the USEtox2.1 model (European Com-
mission, 2021a). Where CTUy expresses the estimated increase in morbidity in the total hu-
man population per unit mass of chemical emitted.

Hence, these impact categories provide information on the impact on humans and freshwa-
ter ecosystems by certain chemicals and heavy metals. Thereby, they do not provide infor-
mation on the use of substances during the production process, the presence of substances
in the product or in the resulting waste fraction. Furthermore, human toxicity, (cancer and
non-cancer) and ecotoxicity for freshwater are not considered sufficiently robust to be in-
cluded in external communication (Sala et al., 2018). This implies that there is limited possi-
bility for the PEF methods to cover the product parameter “use of substances” in the ESPR.

6.4. Consumption of Water, Energy, and other Resources

The PEF methods also includes several impact categories that covers the consumption of en-
ergy, water, and other resources, such as resource use (mineral and metals), resource use



Side 29 af 56

(fossil), water use and land use, where the latter also covers the product parameter in the
ESPR related to deforestation.

Resource use (minerals and metals) is an impact category that covers depletion of non-living
resources, which amongst others, are caused by mining of minerals and metals used to sus-
tain industrial development and overconsumption. The indicator is abiotic resource depletion
(ADP ultimate reserves) in unit kg Sb-eq which can be used to measure the decrease in the
natural configuration of the resources in the environment. The characterization model on
ADP is from (van Oers et al., 2002) as in CML 2002 method, v.4.8.

Resource use (fossil) have some similarities to the previously mentioned, but the indicator is
abiotic resource depletion — fossil fuels (ADP-fossil) with the unit being MJ to measure the
loss of fossil energy availability (van Oers et al., 2002). The characterization model on the ADP
is also from (van Qers et al., 2002) as in CML 2002 method, v.4.8.

Land use refers to occupation and transformation of land. The indicator is soil quality index (a
result of an aggregation by JRC) the unit is dimensionless and expressed as points (Pt). Pres-
sure on land resources due to intensification and expansion of human activities causes soil
guality degradation (De Laurentiis et al., 2019). The characterization model is the index which
is based on the LANCA model by De Laurentiis et al. 2019 and the LANCA CF version 2.5 by
Horn and Maier, 2018, to assess the impact of land use activities on soil properties. The land
use impact category also covers the product parameter on deforestation.

Water use is the last impact category of relevance to this product parameter. The indicator is
user deprivation potential (deprivation weighted water consumption in the unit m* water eq
of deprived water). This is measured using the characterization model Available Water Re-
maining (AWARE) (Boulay et al., 2018). The model assesses the potential amount of available
water remaining per area in a watershed after having met the need of aquatic ecosystems
and humans, as the less water that remains the more likely another user is to be deprived
(Boulay et al., 2018).

6.5. Durability and Reliability

Durability and reliability are also covered by the product parameters in the ESPR. There are
different definitions of durability and reliability, but in connection with the development of
the EN4555X series of standards the following definitions were established:

1. Durability is defined as the “ability to function as required, under defined conditions of
use, maintenance and repair, until a limiting state is reached” (CEN and CENELEC, 2020:
5). Durability can be expressed as calendar time, operating cycles or similar (CEN and
CENELEC, 2020).

2. Reliability is defined as the “probability that a product functions as required under
given conditions, including maintenance for a given duration without limiting events”
(CEN and CENELEC, 2020: 6).

Thereby, durability and reliability should be indirectly covered in the PEF methods, if the
functional unit takes into consideration the lifespan of the product.
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The PEF method specify four aspects the functional unit in the PEF study should define (Euro-
pean Commission, 2021a):

The function(s)/ service(s) provided “what”

The extent of the function or service “how much”
The expected level of quality “how well”

The duration/ lifetime of the product “how long”

A wnN e

Hence, if the functional unit includes the lifetime of the product, then durability and reliabil-
ity is included as a parameter in the LCA calculations. Thus, it is not possible to use the PEF
results to communicate information on the product’s durability and reliability to the end-us-
ers. It can only be used to communication on the impact of the lifetime on the environmental
performance. Furthermore, several studies have documented that not all the PEFCRs devel-
oped defines the four aspects in their functional unit (Lehmann, Bach, and Finkbeiner 2016;
Bach et al. 2018a; Pedersen and Remmen 2022a). Especially, the question of “how well” and
“how long” is not always covered in the functional units developed in the PEFCRs (Pedersen
and Remmen 2022a; Bach et al. 2018a). This indicates that durability and reliability may not
always be included in the PEF studies.

6.6. Recycling amounts of waste generated, ease and quality of recycling
and use or content of recycled materials

Recycling, the amounts of waste generated, and the use or content of recycled materials is in-
cluded in the PEF as the burdens and benefits from the end-of-life stage are covered. How-
ever, the PEF method does not allow for a specific result on the amount of waste generated,
the use or content of recycling materials, or the recyclability or quality of recycling which can
be communicated to the end-users. During the years, different methods has been included in
the PEF method to calculate the end-of-life stage.

The most recent method is the Circular Footprint Formular (CFF). The CFF establishes the
rules for how the environmental burdens and benefits associated with the end-of-life stage
should be allocated. It covers recycling (parts/ product reuse), recycled content, energy re-
covery and disposal. The CFF also covers the quality degradation in connection with the recy-
cling process. Thereby, the product parameter for ease and quality of the recycling is indi-
rectly covered, this does however solely refer to the quality aspect of the parameter and not
the ease of recycling which is not covered by the CFF. Critiques have been raised that the de-
fault data provided in the PEF method is not accurately enough to really reflect the differ-
ences in the materials recyclability (Pedersen and Remmen 2022a). Other points of criticism
of the CFF are that it does not take into consideration that materials can be recycled multiple
times, and that it only allows for an 80% credit of the recycled material (Pedersen and Rem-
men 2022).
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6.7. Circularity: Repair, Reuse, Upgrade, Remanufacturing and Refurbish-
ment

However, a number of these product parameters are not well covered by the impact catego-
ries in the PEF method or in the specific PEF calculations. This especially concerns the product
parameters such as repair, reuse, upgrade, remanufacturing, and refurbishment. These pa-
rameters are also often referred to as circular strategies relevant for the inner circles of tech-
nical cycle in the circular economy (Ellen Macarthur Foundation, 2015).

The circular strategies covered by the ESPR product parameters that are not covered by the
PEF method are:

e Ease of repair and maintenance

e Ease of upgrading, reuse, remanufacturing, and refurbishment

e Remanufacturing and refurbishment of products and components

e Avoidance of technical solutions detrimental to re-use, upgrading, repair, mainte-
nance, refurbishment, remanufacturing and recycling of products and components.

o The effect of physical factors or software and firmware updates on product efficiency

e Incorporation of used components

e Quantity, characteristics, and availability of consumables needed for proper use and
maintenance

e Conditions for use

Here, it will be necessary to identify additional assessment methods to evaluate these param-
eters. In chapter 8, different assessment methods are proposed, which could be relevant in
relation to these material efficiency aspects. In the recent proposal for a “Directive on Green
Claims” (European Commission, 2023a) this limitation of PEF and the focus on impact catego-
ries is recognised: “In addition, many environmental claims are also made on environmental
aspects (e.qg., durability, reusability, reparability, recyclability, recycled content, use of natural
content) for which the environmental footprint methods are not suited to serve as the only
method for substantiation. Addressing the very wide and fast changing area of environmental
claims by means of a single method has its limitations” (European Commission, 2023a, p. 14).

6.8. Sub-conclusion: The Ability of PEF to Cover Circularity

The main opportunity for using the PEF method in relation to the product parameters in the
ESPR is the environmental footprint and the carbon footprint of the product. Information re-
guirement on the carbon footprint and the Gross Energy Requirements (GER) is already un-
der consideration for PV panels within the framework of the current Ecodesign Directive and
the Regulation for Batteries and Waste Batteries. However, other PEF impact categories may
also provide inputs to the product parameters in the ESPR such as particulate matter, ionizing
radiation, photochemical ozone formation, acidification, eutrophication and ecotoxicity
freshwater, which cover emissions to air, water, or soil. However, whether these impact cate-
gories will cover the most important emissions to air, water or soil will depend on the prod-
uct or product group under consideration. Therefore, the impact categories from the PEF
method may not be sufficient. The impact categories resource use (minerals and metals), re-
source use (fossil), land use and water use may likewise provide inputs to the product param-
eters in the ESPR covering consumption of water, energy, and other resources.
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Several product parameters from the ESPR are included in the PEF method and the calcula-
tions, but without providing the opportunity to display it as a specific result. This covers as-
pects such as durability and reliability, which should be covered in the functional unit, and as-
pects related to recycling and use of recycled materials which is covered by the CFF. How-
ever, an important consideration here is the lack of communication of these results. Despite
the functional unit being somewhat covered in PEF then the results are not communicated to
the consumers despite it containing crucial information on the circularity of a product. This
has negative implication on the PEF methods ability to support the communication needs of
the ESPR to enable a sustainable purchasing behaviour.

There are also several product parameters from the ESPR which are not covered by the PEF
method. Many product parameters related to the inner circles of the circular economy such
as maintenance, upgrade, reuse, repair, refurbishment, and remanufacturing. This provides a
challenge as the ESPR is assigned an important role in the transition towards a circular econ-
omy. It is therefore decisive that the classes of performance in the ESPR can also cover these
aspects. Consequently, additional assessment methods are needed, see chapter 8.
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7. Limitations for Using the PEF method in the ESPR

Based on chapter 5, it is evident that there are some opportunities for unfolding the PEF-
based classes of performance within the ESPR if PEFCRs are in place for the product category
under consideration. However, as illustrated in chapter 6 there are also some limitations
when it comes to the PEF methods ability to model and communicate aspects of relevance in
a circular economy. This chapter will further outline both methodological limitations (normal-
isation, weighting, and impact categories) as well as limitations on the use of the communica-
tion vehicle (A-E scale) suggested in PEF method.

7.1. Impact Assessment: Normalisation and Weighting

The PEF impact assessment includes four steps: classification, characterisation, normalisa-
tion, and weighting (European Commission, 2021a). The PEF method further specifies that
results of a PEF study shall be calculate and reported as both characterised, normalised, and
weighted results along with a single overall score (European Commission, 2021a). It is the
normalisation and weighting steps, which makes it possible to calculate a single overall score.
Hence, if the aggregated values from the PEF method (A-E scale) are used as the basis for cal-
culating the classes of performance in the ESPR, normalisation and weighting of the PEF re-
sults for the 16 impact categories are introduced. This is one of the places, where the PEF
method differ from the 1ISO 14040/44 standards, as normalisation and weighting is optional in
the 1ISO 14040/44 standards (Thrane & Jannick H., 2017). However, there are some challenges
when it comes to both normalisation and weighting and the results should be interpreted
with caution (Thrane & Jannick H., 2017).

First and foremost, these challenges relate not to their function as part of the PEF impact as-
sessment but to only using normalised and/or weighted results in the communication of PEF
results.

Normalisation is used to make comparison of results easier and make the results more relat-
able. The normalisation factor applied in the PEF method is global impact per person (Euro-
pean Commission, 2021b). However, studies have indicated that the normalisation factor is
not sufficiently matured and is a relative approach (Pedersen and Remmen 2022a). By nor-
malising to global impact per person, there is a risk that if the emissions are relatively low in a
local area compared to the global emissions, then the impact is less relevant after normalisa-
tion which may not always be true (Pedersen & Remmen, 2022).

During the weighting step, an evaluation is made of the relative seriousness or importance of
each impact category (Thrane & Jannick H., 2017). Weighting is a much-debated concept in
the LCA field, as it is considered a political issues and not scientific issue (Pedersen & Rem-
men, 2022). Previously, there was a global consensus that weighting should not be used
when making publicly available comparative declarations (Finkbeiner, 2014). Weighting of re-
sults also comes with the risk of burden shifting, due to the focus on the impact categories
with the highest weighting factors (Pedersen and Remmen 2022a).

Weighting in the PEF method should be done based on the normalised results, where the
normalised results are multiplied by the weighing factors presented in table 4 (European
Commission, 2021a). The weighting factors developed for the PEF methods reflect the rela-
tive importance of the impact categories and takes into consideration the robustness of the
indicators (Sala et al., 2018). The process of the developing the weighting factors started in
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2015 and consisted of several steps including: a workshop, a literature review and an identifi-
cation, evaluation, and development phase (Sala et al., 2018).

Weighting factors Weighting facto.rs (incl:) .ro-
Impact category . bustness excluding toxicity-
(incl.) robustness related impact categories
Scale to 100

Climate change 21.06 22.19

Ozone depletion 6.31 6.75

Human toxicity, cancer effects 2.13 excluded

Human toxicity, non-cancer effects 1.84 excluded
Particulate matter 8.96 9.54

lonizing radiation, human health 5.01 5.37
Photochemical ozone formation,

human health 4.78 >10
Acidification 6.20 6.64
Eutrophication, terrestrial 3.71 3.91
Eutrophication, freshwater 2.80 2.95
Eutrophication, marine 2.96 3.12
Ecotoxicity freshwater 1.92 excluded

Land use 7.94 8.42

Water use 8.51 9.03

Resource use - minerals and metals 7.55 8.08

Resource use, fossils 8.32 8.92

Table 4 The 16 impact categories and the final weighting factors used in PEF (Sala et al., 2018)

Another challenge is that the varying maturity of the impact assessment methods used in the
PEF method is not sufficiently considered (Pedersen & Remmen, 2022). Thereby, the inclu-
sion of impact assessment methods with a high uncertainty can result in misleading results
(Pedersen & Remmen, 2022). To compensate robustness is as mentioned earlier included in
the weighting factors. Furthermore, two sets of weighting factors are developed one includ-
ing and one excluding human toxicity (cancer), human toxicity (non-cancer) and ecotoxicity
as the maturity levels of the impact assessments methods for these impact categories are not
considered to be sufficiently robust to use in external communication (Sala et al., 2018).
These are however expected to be included once their robustness is improved.

As weighting is not mainly based on natural science but inherently involved several value
choices depending on policy, culture, and other preferences (Sala et al., 2018). It is important
that a new study is initiated ensuring that the weighting factors are in line with the scope of
the ESPR and ensuring that the weighting factors supports the goal of the Regulative. Fur-
thermore, it should be further examined if it is the best option to develop classes of perfor-
mance based on normalised and weighted results. Or if it could be based on the results of the
individual impact categories or supplemented by results from the impact categories to create
transparency of potential trade-offs between impact categories.
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7.2. Communicating complex environmental footprint results to consumers

This chapter outline some of the main challenges when communicating complex environmen-
tal footprint results to consumers based on the A-E scale as suggested in chapter 5. This en-
tails consideration on the implications of using aggregated results to communicate complex
environmental information as well as possible alternatives ways of communicating such re-
sults in relation to the consumers perception and corresponding behaviour. The alternatives
presented are to support the aggregated result with sub-score for the three most relevant
impact categories or by only communicating on the environmental footprint results based on
the most relevant parameters subjective to the given product category.

Based on section 5.4 it can be said that the A-E scale functions as a communication vehicle
for environmental information to consumers. This is supported by section 6.1, where the PEF
methods can have relevance in relation to especially two product parameters in the ESPR:
the environmental footprint of products and the carbon footprint of products (see table 3). It
can thus be argued that the A-E scale potentially can play a role here. However, there are
some major challenges to be addressed in relation to the communication of aggregated envi-
ronmental footprint results which relates to the partly subjective evaluation (value choices
depend on policy, culture, and value systems etc.) when introducing weighted results (as
mentioned in the previous section) and the consumers ability to understand the complexity
of the environmental footprint results and change behaviour based on the results.

There is logic behind studies stating that consumers prefer simple and single score indicators
to communicate EF information of a product (Galatola & Pant, 2014). In a way, it is easily ac-
cessible, especially in areas where the information displayed is somewhat simplistic and re-
lates to the consumers everyday life. However, when the EF information covers the 16 im-
pact categories in PEF method, the complexity increases which decreases the consumers abil-
ity to comprehend the information (Cimini & Moresi, 2018). The complexity is then further
increased by introducing aggregated results based on weighting. So, where the A-E scale in-
troduces simple information for the consumers to interpret and understand, then the under-
lying impact categories and weighting factors becomes harder to relate to for the consumers.
The environmental footprint information must be meaningful for the consumer to support
the intended purchasing behaviour (Elsen et al., 2019). It can therefore be argued that the A-
E scale causes an imbalance between the intention to reduce the complexity of the environ-
mental information and at the same time provide the consumer with concrete information
that support purchasing of more environmentally friendly products.

As mentioned in section 4.2.1, the Ecodesign Directive and the Energy Efficiency Label has
jointly transformed the market towards more energy efficient products by providing the con-
sumers with information on the energy efficiency of the products on the market and by cut-
ting out the worst performing products on the market. Here, the A-G scale has been success-
ful. However, energy efficiency in the use phase is also less complex to understand than the
environmental footprint of a products. Furthermore, buying an energy-efficient product can
provide a financial return for the consumer in the long run.

Klik eller tryk her for at skrive tekst.Using aggregated results in an A-E scale results in a low
transparency of the environmental footprint results. Communicating the EF information, us-
ing aggregated results, also makes it impossible to see if and which underlaying trade-offs
that influence different products EF. These trade-offs take place between the different im-
pact categories, where a decrease in one category can cause an increase in another category.
This can be undesirable, as the latter might have “higher priority” to the general society
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which is somewhat reflected in the different weighting factors applied. This could also simply
be in relation to the individual preference of the consumer.

Borin et al. (2011) also found that the impact of environmental information is greater for con-
sumable products, which supports that consumers pay more attention when they are directly
influenced in their everyday life by the environmental information displayed. This is another
challenge of communicating environmental footprint results using the A-E scale for different
product groups, as some of these are more distanced from the consumer. Hence, it is im-
portant to distinguish between business-to-business products and business-to-consumer
products when communicating environmental information.

Based on the discussions above it can be argued that there are challenges using aggregated
results in communicating complex environmental information to consumers. This is sup-
ported by Finkbeiner (2014), who have stated that there has been a global consensus for
years supporting the subjective weighting should not be used for comparative purposes dis-
closed for the public. It has not been possible to find studies that explore the consumers abil-
ity to understand the meaning of aggregated results and weighting based on complex envi-
ronmental impact categories for environmental communication purposes. This is interesting,
and it is recommended to further explore consumers ability to understand the meaning of
aggregated results as well as its ability to influence consumers behaviour towards purchasing
of greener products.

The purpose of communicating and displaying environmental footprint information is to pro-
mote purchasing of more environmentally friendly products (Elsen et al., 2019). However,
there are still a need to examine if the A-E scale based on aggregated LCA results incorporat-
ing weighting factors actually change consumer behaviour. Efforts should be made to de-
velop and foster the use of communication vehicles that are more transparent. This could
also provide the consumer with more detailed information on for instance the most relevant
impact categories that contributes to the environmental footprint of the product.

In the EC study from 2019 Consumer testing of alternatives for communicating the Environ-
mental Footprint profile of products - Final report, it was concluded that the best solution to
promote environmentally friendly choices, was that the overall PEF performance should be
complimented with information on either the life cycle stages or most relevant impact cate-
gories of the product (Elsen et al., 2019). Where the latter was found more efficient by the
consumers (Elsen et al., 2019). One alternative type of communication vehicle is thus to use
information about the most relevant impact categories as a supplement to the aggregated
results in the communication.

There are pros and cons when considering this type of communication vehicle. On one side,
the complexity of the environmental information displayed increases (Elsen et al., 2019). It
can hinder the effect of the information as it becomes more difficult to comprehend for con-
sumers (Elsen et al., 2019), and risks confusing the consumers (Finkbeiner, 2014).

The PEF method includes 16 impact categories that varies across a broad number of environ-
mental categories, some are more easily understood than others. The impact category cli-
mate change relates directly to the main environmental concern of European citizens
whereas the impact categories for eutrophication and acidification are less known and under-
standable for consumers (Elsen et al., 2019). On the other side, it can be argued, that more
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concrete information on the products impacts makes the overall performance information
more meaningful for the consumer and potentially better guide the consumer behaviour (El-
sen et al., 2019).

This option of supplementing the aggregated results with impact categories can be exempli-
fied using the French food labelling Planet-score, which is assigns a product an overall score
across an A to E scale supplemented with three sub-scores for pesticides, biodiversity, and
climate. The label builds on top of the Nutri-score scheme® and was initiated to add transpar-
ency on the environmental impact of a product (ITAB et al., 2021). The Planet-score label is
illustrated in figure 4 and 5 for products with or without animal matter.
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Figure 4: The Planet score label for products containing Figure 5: The Planet-score label for products
animal matter (Sabine Bonnot, 2023) without animal matter(Sabine Bonnot, 2023)

The Planet-score labels content and layout is based on a behavioural study which led to a fo-
cus on making a label in a semi aggregated format supported by three different visual param-
eters as shown in figure 4 and 5. These are:
1. The scoring (aggregated score that summarize environmental impact of the product)
2. The graduation (three sub-scores)
3. The method of production for animal products score as in figure 4 (colour-based logo
for animal welfare for livestock products) (ITAB et al., 2021).

The score from A to E is based on a scale from 0 to 100, which is calculated using weighting of
different sustainability sub-indicators (human health, biodiversity, climate, and resources).

It is paired with bonuses or penalty entries for each sub-indicator, e.g., forbidden pesticides
and deforestation is a penalty which influence the calculation negatively. Three sub-scores
are included, these are a pesticide score, biodiversity score and climate score. The Planet-
score provides more concrete information and enables comparison of food products based
on different product groups and different sub-scores (ITAB et al., 2021). The benefits of using
a similar communication vehicle in the ESPR is that the trade-offs between significant impacts
becomes transparent to the consumer, as exemplified on figure 5. On figure 5, the overall
score is a C, which is caused by a high impact on the climate but a lower impact from the sub-
scores pesticides and biodiversity. It could be interesting to investigate the possibilities of a
similar approach for the ESPR information requirements as it can be used to overcome some
of the previous limitations regarding low transparency and meaningfulness of the score pro-
vided by the PEF method.

Another alternative way of communicating the complex environmental footprint information
in ESPR is to simply use the most relevant impact categories for the product group under

! Created in 2017 by the health authorities in France. It is a scale grounded on five levels A to E, where
each have separate colors. The nutrition value is converted using an algorithm (Egnell et al., 2018).
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consideration. It became clear in section 5.4 that the A-E scale has potentials as a communi-
cation vehicle. However, it could also be used as a single score indication instead of the ag-
gregated result. This alternative is in line with the framework in the proposal ESPR, as the
ESPR’s definition of classes of performance suggests that it is a range of performance levels
on one or more product parameters referred to in Annex 1 (European Commission, 2022f).
This type of communication vehicle could possibly lead to more informed decisions, as it in-
creases transparency and concreteness of the information and enable consumers to gain in-
formation on the actual impacts potentially increasing the meaningfulness of the information
displayed.

It is therefore recommended that additional exploratory studies are performed on the use of
impact categories and specific product parameters as a communication vehicle. This should
aim to gain an understanding of consumer perceptions of the use of impact categories as well
as insights to how these influence consumer behaviour at the point of purchase and whether
these are the same for all product groups.

7.3. Sub-conclusion: The importance of transparent environmental infor-
mation

This chapter have discussed implications of three different types of communication vehicles
for communicating the complex environmental footprint results as those introduced within
the ESPR. The three options for communication are based on:
1) Aggregated single score results with the A-E scale
2) Aggregated single score results with the A-E scale and most relevant impact catego-
ries
3) The most relevant impact categories each displayed using the A-E scale

The last two options target some of the concerns raised in this chapter. The second option
provides addition information on select impact categories increasing the transparency of the
results. It can also potentially clarify possible trade-offs between the impact categories. The
third option also leaves out the normalisation and weighting of the impact category results in
addition to providing more transparency. On the other hand, both option two and three
makes the communication of the environmental footprint more complex. Furthermore, core
circular strategies such as reliability and durability will - as product properties - not be visible
to the consumers unless a direct communication vehicle is found.

However, before selecting any of these options more studies are needed on how consumers
interpret and change their behaviour based on environmental footprint results. During this
project, we did not identify any studies addressing the use of weighted results in environ-
mental communications. Therefore, there seems to be a need for further studies within this
field. It might also be needed to do product specific or product group specific studies as con-
sumer behaviour may differ depending on the product group in question.
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8. The need for additional assessment methods to support
circularity

As shown in chapter 6, the PEF method abilities to cover certain material efficiency aspects
relevant in a circular economy are limited. Especially, when it comes to modelling and com-
municating on aspects such as durability, repair, remanufacturing, and reuse of components.
Therefore, additional assessment methods are needed to assess and communicate on these
aspects in the context of the ESPR. During the years, the European Commission has initiated
several initiatives to support the development of methods to assess and communication on
material efficiency aspects. This section will elaborate on two if these initiatives namely the
EN4555X series of standards and Joint Research Centres technical report on a scoring system
for repair and upgrade of products (Cordella et al., 2019).

The main resources will be the EN 4555X series of standards (table 4) and the report devel-
oped by Joint Research Centre on analysis and development of a scoring system for repair
and upgrade of products.

8.1. EN45XXX series of standards

In 2015, the European Commission issued a standardisation request M/543 on developing ge-
neric material efficiency assessment standards to support the uptake of material efficiency
requirements under the Ecodesign Directive (European Commission, 2015b).

The following standardisation work resulted in eight European Standards and one technical
report covering aspect such as durability, repair, reuse, upgrade, remanufacturing, reuse of
components, recyclability, recoverability, proportion of recycling materials, declaration of
critical raw materials and methods for proving information on material (Bundgaard & Huul-
gaard, 2023).

Standard | Title Published

TR 45550 Definitions related to material efficiency 2020-12-04

EN 45552 | General method for the assessment of the durability of energy-re- 2020-03-11
lated products
EN 45553 | General method for the assessment of the ability to remanufacture | 2020-07-10
energy-related products
EN 45554 | General methods for the assessment of the ability to repair, reuse 2020-02-21
and upgrade energy-related products
EN 45555 | General methods for assessing the recyclability and recoverability 2019-11-27
of energy-related products

EN 45556 | General method for assessing the proportion of re-used compo- 2019-06-07
nents in energy-related products

EN 45557 | General method for assessing the proportion of recycled material 2020-04-29
content in energy-related products
EN 45558 | General method to declare the use of critical raw materials in en- 2019-03-01
ergy-related products
EN 45559 | Methods for providing information relating to material efficiency 2019-03-01
aspects of energy-related products
Table 5: Overview of European standards and technical reports developed under standardization mandate
M/543
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All standards include general methods for how to assess selected material efficiency aspects
for energy-related products. An overview is provided in table 5. The standards are horizontal
meaning that product-specific standards need to be developed based on the horizontal ones.
The only exception is EN45558 on the declaration of the use of critical raw materials, which
can be applied directly (Bundgaard & Huulgaard, 2023). The standards are slowly being
brought into play in the Ecodesign process. By 2023, the standards were referenced in the
implementing measure covering servers and data storage products, the standardisation man-
date M/573 and the preparatory study covering mobile phones, smartphones, and tablets
(Bundgaard & Huulgaard, 2023).

8.1.1. A scoring system for repair, reuse, and upgrade in EN45554

Especially, annex A in the standard EN 45554 on general methods for the assessment of the
ability to repair, reuse and upgrade energy-related products is relevant when discussing clas-
ses of performance, as it includes an example of a scoring system also based on an A to C/D/E
score (Technical Committee CEN-CENELEC/JTC 10, 2020). The method covers 11 criteria rele-
vant when assessing the ability of an energy-related product to be repaired, reused and/or
upgraded (Technical Committee CEN-CENELEC/JTC 10, 2020).

The eleven criteria to be scored are (Technical Committee CEN-CENELEC/JTC 10, 2020):
1. Disassembly depth

Fasteners and connectors

Tools

Working environment

Skill level

Diagnostic support and interface

Availability of spare parts

Type and availability of information

Return options

10. Data management

11. Password and factory reset for reuse

LNk wWwN

For each of the 11 criteria a method is provided on how to classify the aspect according to an
A to C/D/E score (Technical Committee CEN-CENELEC/JTC 10, 2020). In table 6 and example is
provided for fasteners.
Category description | Class Explanation

Reusable A An original fastening system that can be completely re-
used, or any elements of the fastening system that can-
not be reused are supplied with the new part for the re-
pair, reuse or upgrade process
Removable B An original fastening system that is not reusable, but can
be removed without causing damage or leaving residue
which precludes reassembly (in case of repair or up-
grade) or reuse of the removed part (in case of reuse) for
repair, reuse or upgrade process
Neither removable nor C Neither removable nor reusable: An original fastening
reusable system that is not removable and not reusable, as de-
signed above, for repair, reuse or upgrade process.

Table 6: Classification of fastener types according to EN 45554 (direct quote of the original text) (Technical Commit-
tee CEN-CENELEC/JTC 10, 2020: 15)




Side 41 af 56

In addition to the classification for each of the eleven criteria, annex A also provides a
method to calculate an aggregation of the 11 criteria scores (Technical Committee CEN-
CENELEC/JTC 10, 2020). In the calculation of the aggregated score each class (from A to
C/D/E) is assigned a numeric value. The higher a score the greater is the products ability to be
repaired, reused and/or upgraded (Technical Committee CEN-CENELEC/JTC 10, 2020). The
score can then after the aggregation be expressed numerical or alphabetical (Technical Com-
mittee CEN-CENELEC/JTC 10, 2020).

References have already been made specifically to annex A in EN 45554 in the preparatory
study for mobile phones, smart phones, and tablets (Schischke et al., 2021). More specifi-
cally, it is suggested that the classification method should be used in relation to the disassem-
bly requirements for batteries and display units, fasteners and connectors, tools, working en-
vironment and skill levels (Schischke et al., 2021). Furthermore, reference to annex A in EN
45554 is made in standardisation mandate M/573 covering servers and data storage products
(European Commission, 2021c). Here, the classification methods should be used to verify the
availability of firmware and security updates (European Commission, 2021c).

Moreover, the mandate specifies the minimum rating of spare part availability and skill level.
Here, spare part availability should be rated “B” as minimum and skill level should be rated “C
“as a minimum - again according to annex A in EN 45554 (European Commission, 2021c).

Hence, annex A in EN 45554 is already brough into play in the context of current the
Ecodesign Directive. Therefore, it may also be assigned a role in the ESPR in the future. Yet, it
may be necessary to make new generic standards for the non-energy-related product catego-
ries covered by the ESPR (Bundgaard and Huulgaard 2023a).

8.2. A scoring system for assessing repairability and upgradability of prod-
ucts

France was the first country to develop and implement a repairability index, which was put
into place in January 2019. The reparability index aims to provide the consumers with clear
information about reparability of electrical and electronic equipment (Right to Repair, 2021).
The French reparability index is applied to five product categories and assesses the following
criteria:

1. Documentation
Disassembly
Availability of spare parts
Price of spare parts
Product-specific aspects

e W

Each criterion is scored up to 20 points and aggregated across the 100 possible points. The
final score is found by dividing with 10 and rounding up to nearest 1 decimal digit and dis-
played using five colours from red (low reparability) to dark green (high reparability) (Right to
Repair, 2021). The French repairability index is increasingly used and have paved the way for
increased information on the reparability of products.

The European Commissions has similarly initiated a process of developing a framework for
assessing and scoring reparability and upgradability of products. The process resulted in the
JRC technical report “Analysis and development of a scoring system for repair and upgrade of
products” (Cordella et al., 2019).
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The JRC report aimed to develop a general method on how to assess the ability of repair and
upgrade of energy-related products and to test the feasibility and applicability on different
product groups. The development of a framework for assessing repair and upgrade of generic
products is, as illustrated in figure 6, based on three pillars: 1) priority parts, 2) key parame-
ters and 3) a scoring framework.

The framework for assessing repairability and upgradability of products must be adapted to
the specification of the given product group or type of product, and the framework has been
tailored to three product groups in the report to illustrate the possible applicability of the
framework (Cordella et al., 2019). The framework suggested in the JRC study is shown in fig-

ure 6.
ot oo N ) L
[ M Examples to illustrate possible
h application of the framewark
General approach Product specific T -
Key parametars - dramewok) | o [ Washing machines ]
[ Vacuum cleaners l
Scoring framework | — [ Laptops l
N AN S

Figure 6 Elements in the framework for assessing repairability/upgradability of products. From general to product specific approach
(Cordella et al., 2019)

Pillar 1 in the JRC report suggests focussing on priority parts to reduce the complexity of the
assessment of a products reparability. The priority parts of a product are to be identified at
product group level to ensure comparative assessment and is based on frequency of fail-
ure/upgrade and the functional importance of a product.

Pillar 2 in the assessment of a products reparability is key parameters. The JRC report pre-
sents a list of 12 key parameters that potentially can be used in the assessment, depending
on the product. The 12 parameters are listed below and outline aspects to potentially con-
sider, and they cover design characteristics related to design for disassembly (#1-4), relevant
operational aspects for the repair and upgrade of product (#5-11) and supporting measures
(#12) (Cordella et al., 2019):

Disassembly depth / sequence
Fasteners

Tools

Disassembly time

Diagnosis support and interfaces

Type and availability of data

Spare parts

Software and firmware

Safety, skills and working environment
10. Data transfer and deletion

WO N A WN R

11. Password reset and restoration of factory settings
12. Commercial guarantee
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The parameters could also cover economic aspects indirectly by considering how the ease of
disassembly influence the duration of repairing a product and hence the cost of it. The selec-
tion of parameters, their classification, rating, and weighting in the scoring framework should
be as close as possible to the EN 45554 standard as introduced in section 8.1. Furthermore,
the parameters should be tailored to the specific product group or type of product and be
measurable.

The last pillar 3 of the framework is the suggested scoring framework with pass/fail criteria
(binary system) that determines whether a product is eligible for a repair/upgrade rating.
Furthermore, it includes a scoring framework with a selection of scoring criteria that indi-
cates to which extend a product is repairable. The scoring framework consists of classification
and rating criteria for the relevant product-specific parameters, including the pass/fail criteria
and support to assessment and verification. The scoring is based on points ranging from 0 to

1 done proportionally to the rating classes for each parameter. 0 indicate that repair is not
possible, between 0 and 1 then it is possible and 1 represents the optimal condition. The
main components of the scoring framework for a generic product and the parameter “spare
part” are shown in table 7.

Parameter

Pass/fail criteria

Rating classes

Support to assessment
(A) and verification (V)

Spare
parts

For each priority
part:

1) spare parts are
declared to be
available for X
years after placing
the last unit on the
market

Il) spare parts are
deliverable within
Y working days

) list of spare
parts and recom-
mended retail
prices set by man-
ufactures are
made publicly
available

NOTES:

XandY are de-
fined at product
group level.

a) A score is assigned for each priority part
based on the period where spare parts are
available. <

1) The spare part is declared to be available
for a duration of X years = 1 point

Il) the spare part is declared to be available
for a duration of Y years = 0.66 point

1) The spare part is declared to be available
for a duration of Z years = 0.33 point

b) a score is assigned for each priority part
based on the target groups:

1) the spare part is available to all interested
parties 1 point

I1) the spare part is available to any self-em-
ployed professional and legally established
organizations providing repair services =
0.66 point

1ll) the spare part is available to service pro-
viders authorised by manufacturer to offer
repair services = 0.33 point

c) when relevant, a score is assigned to pri-
ority parts based on spare part interface:

1) the part is non-proprietary and has a
standard interface = 1 point

Il) the part is either proprietary or does not
have a standard interface = 0.5 point.

Score (#7) = Score (#7a) x Score (#7b) x
Score (#7c)

A: commitment by the
manufacturer about the
availability of spare parts
over time, as well as pro-
vision of information
about:

- Delivery time

- Recommended retail
price of spare parts

- Target groups

- Interface used

V: Check of actual
availability

Table 7: Classification and rating criteria for the parameter "spare parts" on a generic product (Cordella, Alfieri, and

Sanfelix 2019)
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Based on the pass/fail criteria, the reparability of a product should subsequently be assessed
based on a max of 12 parameter scores on N priority parts. The method for aggregating the
results is that first, a score is calculated for each parameter (either at product or priority part
level) including a weighting based on the parts importance. Then, the 12 parameter scores
can be combined into different indices (design for disassembly (#1-4), repair and upgrade
process (#5-11) and/or overall repairability and upgradability (#1-11). The combination of
scores is made by assigning a weight to each parameter and calculate the weighted average.

The JRC report argues that quantification and aggregation of the results is the preferred
method to provide easy-to-communicate indices and acknowledge that background infor-
mation must be provided to increase the transparency of the results. This assessment frame-
work will provide scores and indices in numbers between 0 and 1 for the reparability of a
product. However, they emphasize that these can be rescaled based on the final application
of the scoring system suggested. Some alternative communication vehicles mentioned in-
clude differentiation of the reparability based on 5-10 classes or in different levels of repara-
bility ranging from level 1 being a potentially easy and quick disassembly to a level 4, which
indicates that a product cannot be repaired (Cordella et al., 2019).

The scoring system proposed should be updated periodically to ensure continuous methodo-
logical improvements and to follow changing market conditions. The JRC study emphasizes
that the complexity of developing a scoring system is reduced on areas where existing legisla-
tive boundaries are set, exemplified with washing machines and the revised Ecodesign Di-
rective. The JRC suggests that the scoring system is used as a technical reference in policy
making, amongst others the Ecolabel, Energy Label and Ecodesign Directive, where it can be
used to develop and design a new label for products.

8.3. Sub-conclusion

The alternative assessment methods presented in this chapter suggests different methods for
the assessment of aspects relevant for the inner circles in the circular economy such as dura-
bility, repairability, remanufacturing, and reuse. These aspects are not well covered by the
PEF method or LCA methods in general.

The 11 criteria in the EN 45554 and the 12 parameters in the JRC scoring system are similar.
Some minor differences are that the JRC includes disassembly time in standard time units,
which potentially could partly substitute or replace disassembly depth, fasteners, and tools.
The disassembly time becomes important when economic considerations are given in terms
of the operational costs of a service (Cordella et al., 2019). The JRC also includes the parame-
ter software and firmware as a dominant parameter for ICT products and the parameter
commercial guarantee as a supporting measure. The software and firmware are another
product parameter in the ESPR, which is not covered by the PEF methods impact categories
as introduced in chapter 6. Return options is one of the 11 criteria in the EN 45554, whereas
return models have been excluded in the JRC scoring framework due to the difficulties in pre-
dicting whether it results in an actual repair of a product.

The two methods introduced in this chapter suggest the use of different communication ve-
hicles, where EN 45554 suggests the use of an alphabetic scale as suggested in PEF, the JRC

scoring system provides a number between 0 to 1 but acknowledge the possibility of rescal-
ing this. Both assessment methods entail aggregation of the reparability results of a product
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based on its specifications. Where the previous discussions on the use of aggregations have
argued that this makes it more difficult to understand for the consumer, there might be some
relevance for the use of an aggregated result on specific circular aspects as the scope is less
broad and the criteria or parameter in focus is more self-explanatory.

The French repairability index shows a different assessment method for reparability of prod-
ucts that is more simplistic but that at the same time leaves room for product specific as-
pects, which could be an interesting methodology to explore as an assessment method.
Based on the experience of the French index as well as the pressing need to deal with circu-
larity aspects of products like reliability and durability of products, the French Government
have decided to supplement the repairability index with a durability index by January 2024.
The durability will thus combine both repairability and reliability aspects of products (Right
To Repair, 2021). This development can also be seen at a European level. JRCs have made a
draft for a technical report for Ecodesign for sustainable products regulation — preliminary
study on new product priorities (G. Faraca et al., 2023a). The JRC report provides a prelimi-
nary proposal of the new product groups and horizontal measures that should be prioritized
in the ESPR framework. The horizontal measures are presented including the potential provi-
sions and potential product coverage. The horizontal measures cover durability, recyclability,
and post-consumer recycled content (G. Faraca et al., 2023b, p. 10).

A preparatory study on the durability index have found that important criteria to include in
the assessment of a products durability is reparability, reliability, robustness, and upgradabil-
ity including weighting between these criteria based on the specific product type or product
group (ADAME, 2021). These criteria are thus something that should be covered by the addi-
tional methods needed to be able to integrate the circularity elements outlined within the
ESPR.

Regardless of the assessment method, an initial evaluation is important of the material effi-
ciency aspects of a product to better understand, which circular strategies that are optimal to
adopt (Cordella et al., 2019).
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9. Conclusion

The PEF method provides some opportunities within the ESPR as a frame for specifying the
classes of performance and a method on how a scale with “successive steps to allow for prod-
uct differentiation” can be defined, if PEFCRs are in place. For the product parameters in the
ESPR on environmental footprint and carbon footprint the PEF method in combination with
PEFCRs can provide the methodological outset. Still, more studies are needed on a product
level to ensure compatibility.

Additionally, other impact categories in the PEF method can to some extend constitute a
methodological reference point for two ESPR product parameters in Annex |. These are the
impact categories on particulate matter, ionizing radiation, photochemical ozone formation,
acidification, eutrophication and ecotoxicity freshwater, which can partly support the prod-
uct parameters from the ESPR on emissions to air, water, or soil. Furthermore, the impact
categories on resource use (minerals and metals), resource use (fossil), land use and water
use can partly support the product parameters in the ESPR annex | on consumption of water,
energy, and other resources. Thus, the impact categories in the PEF method do not fully
cover the product parameters from the ESPR. More studies are needed to ensure that the
most important impacts from that specific product group is covered by the PEF impact cate-
gory.

The ESPR proposes that the requirements can be accompanied with information on the per-
formance of the product according to the parameters listed in annex | of the ESPR. Further-
more, when determining the information requirements on the product performance then
classes of performances should be established when appropriate. However, the layout and
content of the scale are to be defined in the product specific delegated acts. The PEF method
from 2021 annex | includes an example of a method for establishing classes of performance
of a product in a five-level scale from A to E. The PEF classes of performances are presented
using a single score indicator, which is calculated as the sum of the weighted results across all
16 impact categories of PEF method.

The scale of the performance classes is suggested in PEF to be established using the theoreti-
cal best product, theoretical worst product, the representative product, and a score of a spe-
cific product. Consequently, it requires data provided by the industry to establish the PEF
based classes of performance. However, the scale could also be established based on market
data taking a more empirical outset. Here, the ESPR could potentially support the develop-
ment of the performance classes by setting information requirements to the environmental
performance of the product such as the environmental footprint information or selected im-
pact categories. The Digital Product Passport will also be a way to collect specific date for this
purpose.
1. Information requirements are set in delegated acts making the producers or importers
obligated to provide information on the environmental performance of the product.
2. After data has been collected for a suitable period a A-E scale can be develop based on
the environmental performance data of the products.
3. Information requirements steps into force in the delegated acts on labelling of the
products in compliance with the classes of performance on a A-E scale.
4. Finally minimum performance requirements steps into force in the delegated acts
phasing-out the worst performing products on the market based on the A-E scale.
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There are some limitations for unfolding the PEF-based performance classes within the con-
text of the ESPR. Firstly, an imbalance exists between the consumers desire for simple and
easy-to-understand environmental information and the need for transparent and concrete
information on the complex environmental footprint results that are being communicated.
Secondly, the PEF-based performance classes entail normalisation and weighting of the re-
sults. These types of results should be interpreted with caution, as weighting is considered
more a political issue than a scientific issue. Furthermore, weighting also comes with the risk
of burden shifting depending on the weighting factors. Thirdly, a challenge is that the PEF
performances classes are reducing communication of complex environmental information,
and that the uncertainty on the consumers ability to understand and respond to this type of
information has not been investigated to a higher degree.

Further studies should be made on the consumers ability to understand and relate to the en-
vironmental footprint information and the underlying impact categories. Alternatively, only
the most relevant impact categories for the specific product should be communicated using
an A to E scale as exemplified with the Planet score from France. The latter could lead to
more informed decisions, increase transparency and specificity of the information, and pro-
vide the consumers with perhaps more meaningful information, while still being in line with
the ESPRs definition of classes of performance. This paper introduces two other types of
communication vehicles targeting some of the concerns raised, 1) The aggregated single
score results with the A-E scale combined with the most relevant impact categories, and 2)
The most relevant impact categories presented using the A-E scale.

The PEF method uses an aggregated single score based on all 16 impact categories which are
normalised and weighted. The ESPR definition of classes of performance highlight that they
could act as performance levels in relation to one or more of the product parameters out-
lined in Annex |. ESPR does not specify that the performance of a product must be communi-
cated as an aggregated single score. Furthermore, if the PEF method is to be used within the
ESPR more consideration should be given to the current weighting of the impact categories in
PEF and whether these correlate with the scope of the ESPR.

The ESPR covers a far-reaching range of product parameters that have different characteris-
tics, some relate to properties of a product and can be used to identify improvement poten-
tials, while others are directly linked to the environmental impact of a product, see figure 7.

t Ecodesign requirements in ESPR article 1 J

(a) product durability and reliability )

(b) product reusability
Properties of a product

(c) product upgradability, reparability, meaintenance, and refurbishment -~ and improvement

potentials
(d) the presence of in products -
(e) product and resource efficiency )
() in products
(g9) product -
(h) products'
(i) products expected generation of D

Figure 7 Different characteristics based on the product parameters outlined in the ESPR article 1 (Own elaboration)
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A major limitation to PEF is its inability to cover all the product parameters introduced as
ecodesign requirements in ESPR article 1 (European Commission, 2022f). The product param-
eters in the ESPR covers various characteristics and based on our knowledge of existing tools,
it is found that a combination of tools and assessment methods is required to cover all of
these.

PEF is an environmental assessment method with a core focus on environmental emissions
and resource consumption —in other words, a quantification of environmental impact of
products. The role of the PEF method is therefore limited to the product parameters that re-
late to the environmental impacts of a product, see figure 7.

However, as highlighted earlier ESPR aims at making ecodesign requirements to improve the
environmental performance of products related to parameters that are core to circularity
such as durability, reparability and reusability as outlined in ESPR article 1. These product pa-
rameters are however either not covered, e.g., point (b) and (c), or they are covered indi-
rectly in the assessment, but then not communicated or visible to the consumer, e.g., point
(a) which is somewhat covered via the functional unit. Durability should be included in the
functional unit, but this is not always the case. The PEF of a product cannot from a consumer
perspective be used to compare products in terms of durability. The benefits of the points
(a), (b) and (c) in figure 7 will therefore only be indirectly visible in terms of the lifetime of the
product.

The ESPR entail various product parameters with characteristics related to the material effi-
ciency of a product such as durability, reliability, upgrade, repair, reuse, remanufacturing, re-
furbishment, and recycling. Some of these parameters such as recyclability and recycling con-
tent is somewhat included in the PEF method through the CFF, and durability ought to be
covered in the functional unit. The PEF method thus only cover these product parameters in-
directly and the results of these parameters are not disclosed to the consumer. The ESPR
scope is thus broader than the PEF method. This paper finds that many important product
parameters for the inner circles of the circular economy and for extending the lifetime of
products are not covered in the PEF method. These parameters can be characterised as prop-
erties of a product and covers durability, reliability, repair, reuse, upgrade, refurbishment,
and remanufacturing. Here, additional assessments methods are needed.

Several initiatives have been initiated by the European Commission on material efficiency as-
pects that could be used as additional assessment methods. The EN 4555x series of standards
and the JRC technical report on a scoring system for repair and upgrade of products show a
methodological foundation that is better suited the circular strategies that are prolonging the
product lifetime. EN 45554 and the JRC scoring system for repair and upgrade can be used to
assess some of these circular strategies as they establish technical product elements needed
to do the assessment. Summing up the project has identified the following opportunities and
limitations for unfolding the PEF-method within ESPR:

Opportunities:
e PEF provides a method for establishing classes of performance using an A to E scale
e The PEF A to E scale provides consumers with a simple and easy to understand in-
formation
e The Ato E scale based on PEF resembles the EU Energy Label
e ESPR can provide the regulatory frame to ensure that data is provided from industry
in PEF
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ronmental footprint and carbon footprint, as specified in the ESPR if there is a
PEFCRs that can provide the methodological outset
Limitations:

PEF uses weighting of so far 16 impact categories, but the ESPR opens for a focus on
more product parameters depending on the product group

Weighting in PEF comes with the risk of burden shifting and inherently involves value
choices depending on policy, culture, and other preferences

Crucial product information for the consumers such as durability and reparability
are not communicated directly to the consumers

The PEF impact categories only cover a limited number of ESPR product parameters
and not those that are core in a circular economy. Therefore, additional assessment
methods are needed to support the product parameters not covered by the PEF
method

The PEF A to E scale covers complex information across 16 impact categories which
decrease the consumers ability to understand the information (low meaningfulness)
It is unsure whether consumers understand and give value to aggregated results
presented using an A to E scale
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NEF - Nordic Environmental Footprint

Nordic Environmental Footprint (NEF) was established in 2015 by the working group for Sus-
tainable Consumption and Production under Nordic Council of Ministers (NMR).

The aim is to coordinate the Nordic countries authority work of common interest regarding
Environmental Footprint work, Eco-Design for Sustainable Products Regulation and Green
Claims and in common keep an up-to-date overview regarding the development in the EU
PEF and OEF of special Nordic interest within these policy areas.

The participants of the group include national representatives and are organized in a Steering
Committee and a Technical Advisory Board

The NEF group will initiate debate and analyses of issues of common Nordic interest. Activi-
ties of common interest are initiated by NEF who will disseminate knowledge regarding PEF
to Nordic stakeholders. Information about the NEF conferences can be found under
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https://www.nordic-pef.org/
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