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Abstract
Purpose  Life cycle thinking (LCT) and life cycle assessment (LCA) are increasingly considered pivotal concept and method 
for supporting sustainable transitions. LCA plays a relevant role in decision support, for the ambition of a holistic coverage 
of environmental dimensions and for the identification of hotspots, possible trade-offs, and burden shifting among life cycle 
stages or impact categories. These features are also relevant when the decision support is needed in policy domain. With 
a focus on EU policies, the present study explores the evolution and implementation of life cycle concepts and approaches 
over three decades.
Methods  Adopting an historical perspective, a review of current European Union (EU) legal acts and communications 
explicitly mentioning LCT, LCA, life cycle costing (LCC), and environmental footprint (the European Product and Organi-
sation Environmental Footprint PEF/OEF) is performed, considering the timeframe from 1990 to 2020. The documents are 
categorised by year and according to their types (e.g. regulations, directives, communications) and based on the covered 
sectors (e.g. waste, energy, buildings). Documents for which life cycle concepts and approaches had a crucial role are identi-
fied, and a shortlist of these legal acts and communications is derived.
Results and discussion  Over the years, LCT and life cycle approaches have been increasingly mentioned in policy. From 
the Ecolabel Regulation of 1992, to the Green Deal in 2019, life cycle considerations are of particular interest in the EU. 
The present work analysed a total of 159 policies and 167 communications. While in some sectors (e.g. products, vehicles, 
and waste) life cycle concepts and approaches have been adopted with higher levels of prescriptiveness, implementation in 
other sectors (e.g. food and agriculture) is only at a preliminary stage. Moreover, life cycle (especially LCT) is frequently 
addressed and cited only as a general concept and in a rather generic manner. Additionally, more stringent and rigorous 
methods (LCA, PEF/OEF) are commonly cited only in view of future policy developments, even if a more mature interest 
in lifecycle is evident in  recent policies.
Conclusion  The EU has been a frontrunner in the implementation of LCT/LCA in policies. However, despite a growing trend 
in this implementation, the development of new stringent and mandatory requirements related to life cycle is still relatively 
limited. In fact, there are still issues to be solved in the interface between science and policy making (such as verification 
and market surveillance) to ensure a wider implementation of LCT and LCA.

Keywords  Life cycle thinking · Life cycle assessment · European Union · Policy · Legal acts · Environmental footprint · 
Communication

1  Introduction

The transition towards sustainability poses huge challenges 
to policy making, especially for what concerns comprehen-
sive assessment of impacts and trade-offs between environ-
mental pressures and impacts and measures to limit them. 
Policy makers are increasingly confronted with multifaceted 
challenges, in which environmental and socio-economic 
issues should be considered simultaneously and in which 
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the threats posed by the economic crises should be turned 
into positive actions towards sustainability.

Life cycle thinking (LCT) is a systemic and comprehen-
sive concept considered pivotal to provide support in better 
integrating sustainability into policy making (Pennington 
et al. 2007; Sonnemann et al. 2018). LCT is the basic con-
cept referring to the needs of assessing burdens of products/
sectors/projects adopting a holistic perspective, from raw 
material extraction to end of life. LCT  aims at avoiding the 
shift of burdens between environmental impact categories 
(e.g. reducing climate change while increasing land use), 
shifting between world regions (e.g. reducing domestic 
impacts while increasing spill-over effects), or between life 
cycle stages (e.g. decreasing impacts during the manufactur-
ing of a product while increasing the impacts due to the end 
of life management) (Sala 2019).

LCT is at the core of the Sustainable Development Goal 
(SDG) 12 of the UN Agenda 2030, “responsible consump-
tion and production” that aims at the adoption of more 
sustainable patterns of consumption by the year 2030 and 
whose achievement needs a significant focus on the supply 
chain from producers to final consumers (UN 2015).

According to the definition reported in the ISO 
standard (ISO 2006a), life cycle assessment (LCA) is 
the compilation and evaluation of the inputs, outputs, 
and the potential environmental impacts of a product 
system throughout its life cycle. LCA builds on a life 
cycle thinking perspective to provide valuable compre-
hensive quantitative information on the environmental 
performance of goods and services, and it can be effec-
tive to assess and support sustainable production and 
consumption (SCP), in particular as scientific basis for 
policies on products design, consumer information, pub-
lic procurement, waste management, energy, and food 
supply (Sonnemann et al. 2018). However, a number of 
barriers still limit the use of LCA in policies, as the lack 
of widespread technical knowledge on  LCA,  and the 
lack of trust in LCA process and results (Seidel 2016). 
Moreover, to be enforceable in the context of entry mar-
ket instruments, life cycle–based requirements need to 
also be verifiable by market surveillance authorities, e.g. 
through standardised methods (Mathieux et al. 2020). 
Flaws and variability in LCA studies, in particular in 
the interpretation phase, may both mislead and reduce 
the trust of policy makers in LCA (Agostini et al, 2020).

Together with LCT and LCA, life cycle costing (LCC) is 
being applied by an increasing number of public authorities 
across the EU and in a range of sectors (EU, 2020a). LCC is 
defined as an “economic assessment considering all agreed 
projected significant and relevant cost flows over a period of 
analysis expressed in monetary value. The projected costs 
are those needed to achieve defined levels of performance, 
including reliability, safety and availability” (ISO 2017). The 

role of LCC is especially relevant in the context of sustain-
able public procurement, for demonstrating the best value 
for money and for governments, since the integration of LCC 
into policies is emerging as a relevant approach  for com-
paring “green” and socially preferable assets with their less 
sustainable substitutes (Perera et al. 2009).

Although facing key challenges, LCT and LCA have been 
increasingly implemented in policies around the world in the 
last three decades (Sonnemann et al. 2018). Over time some 
studies were developed to assess the level of implementation of 
LCA in policies (e.g. Curran 1997, Sonneman et al. 2018), in 
some cases focusing on specific cases (e.g. for EU, Sala et al. 
2016, for USA, Schenck et al. 2009, or Japan, Hunkeler et al. 
1998). Other studies focused on the specific needs of the LCA 
for policies, namely whether these needs are different from 
LCA used for assessment of product performance (Waarde-
naar et al. 2012), including the appropriateness of modelling 
approaches (e.g. whether consequential or attributional fit bet-
ter the purposes as in Vázquez-Rowe et al. (2014) or Brander 
et al. (2008). Moreover, the role of LCA in sectorial policies 
was assessed, e.g. for waste as in Lazarevic et al. (2012) or 
in development policies as in Kituyi (2004). As of today, a 
number of regulations using LCT and LCA are implemented 
in several distinct regions of the globe. LCA has been applied 
in policy development and implementation in several coun-
tries, including the USA (through the Energy Independence 
and Security Act of 2007 (EPA 2020); Reed 2012), China 
(e.g. promoting the use of LCA in product design; Sonnemann 
et al. 2018), and Thailand (e.g. implementing LCA to assess 
the Thai Green Procurement Plan; Sonnemann et al. 2018). 
Latin America and the Caribbean region have developed its 
SCP strategy since 2003 and are considered a pioneer on SCP 
by the United Nations Environment Programme (UNEP 2015). 
Mexico, Chile, Colombia, and Brazil have used LCA in several 
policies, in a context of emerging awareness of policy-makers 
in these emerging economies (Valdivia et al. 2017; Maia de 
Souza et al. 2017; Güereca et al. 2015). However, the EU has 
been in the forefront in using LCA into development and appli-
cation to a much larger extent than in any other region in the 
world (Sonnemann et al. 2018; Reed 2012). Current European 
initiatives on building life cycle–based policies are observed 
with attention from other parts of the globe, as stated, e.g. by 
Maia de Souza et al. (2017) for Brazil.

In June 2001, the European Commission (EC) published 
the communication on Integrated Product Policy (IPP) 
(CEC 2001). This communication had a crucial role in pav-
ing the path for the development of policies including life 
cycle concepts, recognising life cycle thinking as an element 
contributing to sustainable development and science-based 
decision making. In December 2005, life cycle thinking 
exhibited a pivotal role as an indicator to monitor decoupling 
economic growth from environmental impacts in the The-
matic Strategy on the Sustainable Use of Natural Resources 
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(CEC 2005a). In parallel, the Thematic Strategy on the Pre-
vention and Recycling of Waste (CEC 2005b) proposed an 
amendment (CEC 2005c) of the 1975 Waste Framework 
Directive (EC 1975) in view of introducing life cycle think-
ing for assessing environmental impacts of the generation and 
management of waste. These communications and legal acts 
were the basis for the implementation of life cycle concepts in 
European policies in the year 2000s. In particular, the Ecola-
bel Regulation (EC 1992, 2010a) and the Ecodesign Directive 
(EC 2005, 2009a) constitute relevant LCA application in poli-
cies: the former aiming at establishing a voluntary ecolabel 
award scheme to promote products with reduced life cycle 
environmental impacts and the latter aiming at establishing 
consistent EU-wide rules for improving the environmental 
performance of energy-related products through ecodesign. 
The Ecodesign Directive was also a first worldwide example 
of the introduction of mandatory requirements for new prod-
ucts following on a life cycle approach, including the possi-
bility of setting generic requirements based on the so-called 
“ecological profile.”1 A milestone in the development of poli-
cies based on LCA was the 2013 communication “Building 
the Single Market for Green Products” (CEC 2013a) and the 
linked Recommendation (EC 2013a), establishing the Prod-
uct- and Organisation-Environmental Footprint methods 
(respectively, PEF and OEF). These LCA-based methods aim 
at the quantification of the environmental impacts of prod-
ucts and organisations, improving replicability, robustness and 
transparency of LCA studies. In fact, the PEF/OEF methods 
introduced an important improvement and guidance compared 
to the existing LCA standards (ISO 2006a, b) concerning key 
methodological choices and data quality requirements, and 
overall contributed to the comparability and verifiability of 
green claims by companies. Recently, the concept of life 
cycle has been at the centre of relevant policies (in sectors 
such as packaging and packaging waste (EC 2018a), vehicles 
(EC 2019a), and plastic (EC 2019b)) and communications 
(as for instance the European Green Deal (CEC 2019a), the 
Circular Economy Action Plan (CEC 2020a), and the Farm to 
Fork Strategy (CEC 2020b)), underlining the growing interest  
on life cycle thinking and life cycle approaches from the EU.

In this wide policy context, it is of the utmost relevance to 
further improve  the science-to-policy interface, due to the 
broad implications of the decisions supported by LCA. The 
importance of a stricter and more comprehensive implementa-
tion of LCA in policies is key to achieve effective benefits in a 
life cycle perspective and to avoid or limit burden shifting. A 
number of theoretical options for the implementation of LCA 

into policy already exists, although a consensus on proper tech-
nical requirements is missing (Lehmann et al. 2015).

With this regard, it is worth mentioning in particular 
the role of the European Commission-Joint Research Cen-
tre (EC-JRC), which has been working towards providing 
this policy support through a number of projects and initia-
tives since 2004. In particular, the European Platform on 
LCA (EPLCA)  (EU, 2020b) constitutes a key tool with this 
regard, having the objective to promote life cycle thinking 
in business and in policy making in the EU, as well as pro-
viding  crucial support for the development of the PEF and 
the OEF (EU 2020c), in terms of methods and data. Based 
on the learnings of the EF pilot phase, organised by the EC 
in the period 2013–2018, the JRC published reports with 
suggestions for updating the PEF, including the methods for 
impact assessment. Methodological guidance and updates 
thereof could be found in the EPLCA (EU 2020c).

This study aims at shedding light on the evolution and the 
relevance of life cycle thinking and life cycle approaches in 
policies, illustrating the trend in the use of these concepts 
and methods in the policy context of EU. This review aims 
at deepening the understanding on the link between policy 
and science, shedding light on shortcomings and possible 
future improvements, in view of  supporting the evolution of 
policies from the adoption of general life cycle–related con-
cepts to more comprehensive uses of LCA, and PEF/OEF 
methods. This  review  systematically explores the historical 
development of the implementation of LCT, LCA, LCC, and 
environmental footprint and the way they have been inte-
grated in the EU policy context in strategic and legal acts, 
analysing the period ranging from 1990 to October 2020. 

2 � Methods

A review of EU policy documents was performed in this 
study as a basis to assess the evolution of occurrence of 
LCT concepts and LCA-related approaches over time 
(including also LCC and PEF/OEF). The study focused on 
the EU due to the wide development of policies mention-
ing life cycle approaches and methods and considering the 
presence of a comprehensive online database for the collec-
tion of the documents (see Sect. 2.1). To this end, a search 
customised to a number of different EU policy documents 
has been conducted. EU treaties are achieved by several 
types of legal acts that have a different level of prescriptive-
ness, a different set of requirements and involvement of the 
Member States (MS) (EU 2020d, e, f, g; EUR-Lex 2020a). 
This work focused on EU “policies” and on “communica-
tions.” In this study,  documents such as proposals, reports, 
white papers, and green papers are included under the 
label “communication”. The complete list of definitions of 
legal acts included under the “policies” and the definition 

1  According to the Ecodesign Directive (2005/32/EC), ecological 
profile means a description “of the inputs and outputs (such as mate-
rials, emissions and waste) associated with an energy using product 
throughout its life cycle which are significant from the point of view 
of its environmental impact and are expressed in physical quantities 
that can be measured.”
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of “communications,”  are reported in the Supplementary 
Information (SI). Communications were kept separate 
from the legal acts considering that these documents do 
not constitute legally binding acts but are rather strategic 
documents “suggesting” actions or “proposing” legal acts. 
Standards were not included in the analysis given that the 
scope of the work was dedicated to legal acts (both legally 
binding and non-legally binding).

2.1 � Research method

This review was based on a search performed through EUR-
Lex (EUR-Lex 2020b), the online database that provides 
access to all EU policies (regulations, directives, decisions, 
etc.) and communications to identify EU policies referring 
to LCT, LCA, and LCC. Given its more limited development 
and application in policies, social LCA was not included in 
this analysis. A number of keywords related to the concepts 
of LCT and LCA have been screened within title and text of 
both EU policies and EU communications (e.g. “life cycle 
thinking,” “life cycle assessment”; the  details on the search 
string are reported in the SI), and EU policies or commu-
nications presenting these keywords were collected for the 
period ranging from 1990 to October 2020. Furthermore, 
other policies and communications identified as potentially 
relevant (not found through the abovementioned screening 
but cited in other documents or identified by the authors of 
this article through their expert judgment) were added to the 
overall set of legal acts to be investigated.

A refined selection was then performed on collected doc-
uments, aiming at excluding documents out of the scope of 
the present review (e.g. documents dealing with “life cycle” 
of insects, plants, or other organisms/species; the “life cycle” 
of projects/programmes, referring to the “life cycle” of peo-
ple and workers): this refinement was manually performed, 
critically analysing the context of the legal documents previ-
ously gathered.

2.2 � Classification method

Policies and communications were classified according to 
the concept and/or method cited in the document, focus-
ing on (i) LCT (life cycle thinking),2 (ii) LCA (life cycle 
assessment), (iii) LCC (life cycle costing), and the European 
Product and Organisation Environmental Footprint (PEF/
OEF). The presence of more than one concept/method was 
considered (e.g. LCT and LCA, both mentioned): in these 

cases, the document was classified under multiple concepts 
and/or methods (for instance the new Circular Economy 
Action Plan (CEC 2020a) was classified under LCT, LCA, 
and PEF/OEF). The classification was structured accord-
ing to different perspectives: (i) the relevance of life cycle 
concepts in policies and communications, (ii) the sectors 
addressed in policies and communications, (iii) the presence 
of links to case studies and previous legal acts in commu-
nications, and (iv) the specific types of applications of life 
cycle approaches.

Regarding the relevance of life cycle concepts in policies 
and communications, in view of understanding the impor-
tance and prominence given to LCT, LCA, LCC, and/or 
PEF/OEF in the analysed policies, a further classification 
was performed:

1.	 LCT, LCA, LCC, and/or PEF/OEF cited “at the heart” of 
the document: if the concept/method exhibited a pivotal 
role and/or was a crucial element for the document itself 
(e.g. not only mentioned in the preamble, but instead 
used to set a requirement, an objective for future devel-
opments, a selected criterion to be adopted when assess-
ing environmental impacts) or if it was mentioned with 
a  key role in the context of future additional legal acts 
to be developed;

2.	 LCT, LCA, LCC, and/or PEF/OEF cited “in the con-
text” of the document: in all the other cases where, for 
instance, the concept/method was cited in the preamble 
(e.g. in the recitals) and in other sections in a generic 
manner, or if the policy was only referring to these con-
cepts as cited into other existing documents.

From the complete list of policies and communications, 
a specific subset of key documents was selected in view of 
providing a dedicated and detailed overview of the most rel-
evant policies and communications where LCT, LCA, LCC, 
and/or PEF/OEF exhibit a crucial role. Furthermore, we per-
formed an analysis of requirements in policies based on a 
life cycle approach (e.g. requirements related to LCT, LCA, 
LCC, PEF/OEF). Additional details on the analysis of these 
requirements are included in tables S4 and S5 of the SI.

Concerning the sectors addressed in policies and commu-
nication, all legal acts were classified focusing on their spe-
cific sectors of concern (e.g. waste, energy and fuels, con-
struction, etc.). Considering the total number of policies and 
communication addressed in this review, the most frequently 
mentioned sectors and field of action (e.g. waste, energy and 
fuels, construction) were identified and commented. When-
ever possible, the same categories were considered for the 
classification of communications and policies, in order to 
ease the comparison between these two types of documents 
(highlighting both similarities and differences). Specific 
sectors mentioned several times only in policies or only in 

2  For this classification, a “life cycle approach” related to the quanti-
fication of environmental “impacts” along the supply-chain was clas-
sified as LCT.
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communications were also included. Moreover, general cat-
egories (e.g. “others not elsewhere classified (n.e.c.)”) were 
established for policies addressing specific products and spe-
cific sectors not represented in multiple documents, or poli-
cies related to products in general (e.g. integrated product 
policies). Similarly, a generic category was also established 
for communications related to research and other specific 
programmes (such as funding programmes, e.g. "Horizon 
2020"). In the classification procedure, in case of the pres-
ence of more than one sector for a single legal document, 
the latter has been classified in several categories (e.g. a 
classification within both the “waste” and “energy and fuels” 
categories). Further details on the abovementioned classifi-
cations of policies and communications are reported in the 
SI. If a single document is relevant for more than one of the 
selected sectors/identified scope, it  is classified accordingly 
with multiple entries (e.g. the Directive on the promotion 
of the use of biofuels or other renewable fuels for transport 
(EC 2003) was classified in the sectors “energy and fuels” 
and “mobility”).

Furthermore, policies were also investigated in view of 
identifying any relevant case in which LCA, LCC, and/or 
PEF/OEF were directly applied in the policies or indicated 
as the reference method for conducting an assessment. On 
the other hand, communications were further analysed to 
investigate the links with existing or foreseen legal acts. In 
case of recent proposals, not always the proposed policy has 
already been set up. In some of these cases, the proposals 
were identified as “possibly relevant in future,” whenever the 
proposed policy was identifiable as possibly relevant with 
regard to future development/implications of the LCT con-
cept or of the LCA, LCC, PEF/OEF methods.

The communications were also categorised in view of 
providing insights on the specific type of application of the 
life cycle approach, to whether they were referring

1.	 to LCA, LCC, and/or PEF/OEF results: when results 
from life cycle analysis (i.e.: LCA, LCC, PEF/OEF) are 
mentioned in the analysed document or are cited from 
other studies;

2.	 to LCT, LCA, LCC, and/or PEF/OEF as implemented 
in other legal acts, currently or in the past: when the 
role of life cycle thinking and life cycle approaches are 
mentioned as being pivotal in other legal acts or when 
other legal acts -where these concepts are relevant- are 
cited;

3.	 to LCT, LCA, LCC, and/or PEF/OEF as important to be 
implemented, in the future: when it is explicitly men-
tioned that life cycle thinking and life cycle approaches 
are crucial elements to be considered and implemented 
in the future.

A parallel classification was conducted by excluding 
specific subsequent legal acts (as well as other linked docu-
ments, such as working plans or amendments) derived from 
the implementations of the Ecodesign Directive (EC 2009a) 
and the Ecolabel Regulation (EC 2010a).3 The scope of this 
analysis was to unveil individual initiatives removing those 
that were implementations of existing ones. The results of 
this analysis are presented in the SI.

3 � Results

The following sections illustrate the results of this study, fol-
lowing the methodological  approach presented in Sects. 2.1 
and 2.2.

3.1 � Results of the search

According to the method described in Sect. 2.1, overall, a 
total of 243 policies and a total of 348 communications were 
gathered through the EUR-Lex search,  the screening of the 
citations inside each reviewed document,  as well as those 
identified via expert judgment. After this first step, docu-
ments not relevant for the present review were discarded, 
resulting in a total of 159 policies and a total of 167 com-
munications that were further analysed and classified as pre-
sented in the following sections.

3.2 � Results of the classification

In order to better understand the importance given to the life 
cycle related approaches cited in the selected documents, a 
distinction between the life cycle concepts/methods cited “at 
the heart” or “in the context” of the legal acts classified was 
implemented (see Sect. 2.2).

Overall, LCT/LCC/LCA and/or PEF/OEF were found 
to be “at the heart” in 60% of the policies classified and 
in 45% of the communications classified (see Sect. 2.2). 
Table 1 presents an overview of the most relevant policies 
and communications where LCT, LCA, LCC, and/or PEF/
OEF are crucial, starting from the year 2000. A detailed 
description of the policies and communications included in 
Table 1 is presented in the SI, whilst additional comments 
are reported in the Discussion section.

3  About 24 Implementing measures and 57 decisions have been pub-
lished subsequent to the Ecodesign Directive (EC  2009a) and the 
Ecolabel Regulation (EC 2010a) respectively, to define requirements 
and criteria for the application to specific product groups.
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In particular, additional details on the contents of the 
most relevant classified policies and communication listed 
in Table 1 are reported in the Table S4 in the SI.  In Table S4 
each relevant policy and communication is listed from the 
oldest to the newest. Information regarding the linked poli-
cies/communications (and amendments, etc., if any) together 
with the assessed life cycle concepts/approach are specified. 
A brief description of the policy/communication itself is 
also reported.

Figure 1 illustrates a breakdown for each type of policy 
and communication as previously classified. Communica-
tions constitute the main type of analysed documents, fol-
lowed by decisions and regulations, which are the most rep-
resented among the classified policies. Most of the classified 
decisions are linked to the Ecolabel Regulation (EC 2010a), 
whilst most of the classified regulations are linked to the 
implementation of the Ecodesign Directive (EC 2009a). 
Therefore, a parallel analysis was performed by analysing 

Table 1   Overview of the 
most relevant policies and 
communications classified, 
starting from the year 2000

Regulations

REACh (EC 2006);
EMAS (EC 2009b);
Ecolabel (EC 2010a);
Construction products (EC 2011);
European statistical programme (EC 2017a);
Sustainable investments (EC 2020a).
Directives
End-of-life vehicles (EC 2000);
Waste framework (EC 2008);
Ecodesign (EC 2009a);
Energy Labelling (EC 2010b);
Public procurement (EC 2014a, b, c);
Biofuel (EC 2015a);
Packaging and packaging waste (EC 2018a);
Renewable Energy Directive REDII (EC 2018b);
Promotion of clean and energy-efficient road transport vehicles (EC 2019a);
Single use plastic (EC 2019b).
Decisions
Best environmental practices for the waste management sector (EC 2020b).
Recommendations
Use of common methods to measure and communicate the life cycle environmental performance of prod-

ucts and organisations (EC 2013a).
Communications
Integrated Product Policy (CEC 2003);
Stimulating technologies for sustainable development (CEC 2004);
Thematic Strategy on Prevention and Recycling of Waste (CEC 2005b);
Thematic Strategy on the Sustainable Use of Natural Resources (CEC 2005a);
Green Public Procurement (CEC 2008a);
Sustainable Consumption and Production and Sustainable Industrial Policy Action Plan (CEC, 2008b);
Resource efficiency flagship (CEC 2011a, 2011b);
Strategy for the sustainable competitiveness of the construction sector and its enterprises (CEC 2012a);
Proposal for a General Union Environmental programme to 2020 (CEC 2012b);
Bioeconomy (CEC 2012c); (CEC 2018b)
Building the Single Market for Green Products (CEC 2013a);
EU Action plan for the Circular Economy (CEC, 2015a);
Better Regulation (CEC 2015b);
Accelerating Clean Energy Innovation (CEC 2016a);
Proposal for a Regulation related to the establishment of a framework to facilitate sustainable
investment (CEC 2018a);
Proposal for a Regulation on low carbon benchmarks and positive carbon impact benchmark
(CEC 2018b);
Proposal for a Regulation on establishing the InvestEU Programme (CEC 2018c);
The European Green Deal (CEC 2019a)
The new Circular Economy Action Plan (CEC 2020a);
The EU Biodiversity Strategy for 2030 (CEC 2020b);
The EU Farm to Fork Strategy (CEC 2020c);
The Chemical Strategy for Sustainability (CEC 2020d).
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the results of the classification when removing these legal 
acts from the overall picture (the results of this analysis are 
presented in the SI). Decisions and regulations cover the 
majority of the policies classified, followed by directives (in 
line with general EU legal acts statistics, EUR-Lex 2020c), 
while Recommendations represent only a very minor share.

Figure 2 highlights the results of the classification of sec-
tors of intervention of the identified policies. The specific 
description of the sectorial categories considered in Figs. 2 
and 3 is reported in the SI.

Household goods (e.g.  hygiene products) and appliances 
(e.g. vacuum cleaners, lamps) manifest an evident dominat-
ing role, mainly as specific implementations of the Ecolabel 

Regulation (in case of Decisions) and the Ecodesign Direc-
tive (in case of regulations). However, it is worth noticing 
that the dominance of this category was also due to its intrin-
sic heterogeneity, since it covers a wide array of different 
products. Moreover, the “research and other programmes” 
sector is particularly relevant (e.g. funding programmes 
such as "LIFE" and "Horizon2020" and other specific EU 
programmes, such as the European statistical programme), 
followed by “energy and fuels” and waste.

Figure 3 reports the results of the classification for the 
sectors as conducted on the EU communications. In fact, 
communications  show a coverage of a wide array of dif-
ferent sectors and topics , for which it was not always pos-
sible to identify a specific category. However, when a single 
sector category was identifiable, a predominance of com-
munications dedicated to “energy and fuels” and “circular 
economy and sustainable development” is evident. Although 
communication has a broader scope than the classified poli-
cies, energy was found to be a key and transversally relevant 
sector in both policies and communications (Figs. 2 and 3).

Figure 4 provides an overview of the evolution of the 
implementation of LCT, LCA, LCC, and PEF/OEF over 
time, by presenting the year in which the identified poli-
cies and communications have been published. On the 
other hand, Fig. 5 reports the evolution of LCT/LCA/LCC 
and PEF/OEF in the EU policies by type of policy. In both 
Figs. 4 and 5, synthetic names of some of the most relevant 
policies/communications per year are reported. An overall 
growing trend of LCT/LCA/LCC and PEF/OEF-based poli-
cies in recent years was noticeable from Figs. 4 and 5.

Only in a few cases, LCA, LCC, and/or PEF/OEF have 
been directly applied in the policies or indicated as the 
reference method for conducting an assessment. Decisions 

Fig. 1   Relative distribution of classified regulations, directives, deci-
sions, recommendations, and communications. Numerical results 
indicate the number of individual policy documents

Fig. 2   Relative distribution of sectors addressed in the 159 classified policies (n.e.c. = not elsewhere classified)
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dealing with Best Environmental Management Practices 
(BEMP) (e.g. decisions related to EMAS, EC  2019c, 
2019d) recognised the key role of LCA methodology. 

The key role of LCA has been further acknowledged in 
the development of the PEF/OEF methods, which have 
been notably defined in the 2013 EU Recommendation 

Fig. 3   Relative distribution of sectors addressed in the 167 classified communications (n.e.c. = not elsewhere classified)

Fig. 4   Evolution of the implementation of LCT, LCA, LCC, and 
PEF/OEF in policies and communications (note: when relevant, more 
than one concept or method is reported per policy. No documents 
were found for the years 1995 and 1997). The  documents explicitly 
mentioned in the figure represent  examples  of the most relevant 
policies/communications developed over time. Additional informa-
tion on the reported policies and communications: 1992: (EC 1992); 

1994: (EC  1994); 2000: (EC  2000); 2003: (CEC  2003); 2005: 
(CEC  2005a, b); 2006: (EC  2006); 2008: (EC  2008; CEC  2008a); 
2009: (EC  2009a); 2010: (EC  2010a, b); 2011: (CEC  2011b); 
2012: (CEC  2012c); 2013: (CEC  2013a); 2014: (EC  2014a, b, c); 
2015: (EC  2015a; CEC  2015b); 2018: (CEC  2018d; EC  2018a, b; 
CEC  2018a); 2019: (EC  2019b; CEC  2019a); 2020: (EC  2020a; 
CEC 2020a, b, c). For further details, see the SI
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(EC 2013a) and which  increasingly represent the refer-
ence LCA methods for the EU policies. LCC was instead 
considered as the reference method in policies deal-
ing with public procurement (e.g. directives: EC 2014b, 
2014c) and for the definition of Ecodesign requirements 
(e.g. the 2009 Directive EC, 2009a, for energy-related 
products). However, LCC was not described in detail in 
these legal acts: life cycle costs were mentioned as a rele-
vant aspect to be monitored and minimised, whilst specific 
details on the advantages and disadvantages and informa-
tion on the implementation of a life cycle costing method 
were neglected.

 Only 27 out of 167 classified communications  referred to 
LCA, LCC, and/or PEF/OEF results.  Existing LCA studies 
were cited as general examples (e.g. CEC 2008a) regarding 
the cost effectiveness of green public procurement in sec-
tors where green products are not more expensive than non-
green alternatives. The communication (CEC, 2014) cited 
sectorial studies on the environmental benefits of recycling 
(e.g. gypsum board production), especially with regard to 
the achievable reductions of the global warming potential. 
In addition, LCA, LCC, and/or PEF/OEF results were also 
mentioned in the context of greenhouses gas emission sav-
ings (e.g. communications: CEC 2010a, 2010b).

Furthermore, 54 communications cited other relevant 
legal acts referring to LCT, LCA, LCC, and/or PEF/OEF. 
Among the most cited acts, it is possible to highlight the 
2008 Waste Framework Directive (EC  2008), the 2009 
Ecodesign Directive (EC 2009a), the 2010 Ecolabel Regu-
lation (EC 2010a), the 2011 regulation on construction prod-
uct (EC 2011), and the 2015 Biofuel directive (EC 2015a).

In 80 communications it was identified a specific refer-
ence to the relevance of implementing a life cycle approach. 
A number of communications (namely CEC 2013a, 2015a, 
2018d, 2018b) cited the PEF/OEF methods, and in particu-
lar, the 2013 communication (CEC 2013a) on building the 
Single Market for Green Products which set the framework 
for the PEF/OEF methods to calculate robust and compara-
ble information on the environmental performance of prod-
ucts and organisations.

A dedicated analysis was additionally performed 
(Table S5, S1) to assess the level of implementation of life 
cycle–based requirements in policies. A total of 29 legal 
acts were analysed in detail. It resulted that, in general, 
strict requirements for life cycle methods are missing. Even 
when LCA or LCC are required or strongly suggested, 
precise guidelines for their implementation are not com-
monly provided. For instance, in the case of financial rules 

Fig. 5   Evolution of the implementation of LCT, LCA, LCC, and PEF/
OEF in policies and communications by policy type (no documents were 
found for the years 1995 and 1997). The  documents explicitly mentioned 
in the figure represent  examples  of the most relevant policies/commu-
nications developed over time. Additional information on the reported 
policies and communications: 1992: (EC 1992); 1994: (EC 1994); 2000: 
(EC 2000); 2003: (CEC 2003); 2005: (CEC 2005a, b); 2006: (EC 2006); 

2008: (EC 2008; CEC 2008a); 2009: (EC 2009a); 2010: (EC 2010a, b); 
2011: (CEC  2011b); 2012: (CEC  2012c); 2013: (CEC  2013a); 2014: 
(EC 2014a, b, c); 2015: (EC 2015a; CEC 2015b); 2018: (CEC 2018d; 
EC  2018a, b; CEC  2018a); 2019: (EC  2019b; CEC  2019a); 2020: 
(EC 2020a; CEC 2020a, b, c). For further details, see the SI
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applicable to the general budget of the EU (contracts award-
ing; EC 2015b, c), a list of elements to be covered by a LCC 
study were indicated, but specific methodological require-
ments on how to perform the study were not provided. Fur-
thermore, the directive (EC 2019b) defined measures to 
reduce life cycle environmental impacts of single-use plas-
tics, although no further detailed information was reported 
on how to perform these assessments.

On the other hand, a strong preponderance of LCA and 
LCC in policies related to environmental practises was 
noticeable, with a number of legal document (e.g. EC 2017b, 
2018c, 2019e) that prescribed using LCA/LCC studies as 
benchmarks of excellence. In some cases (e.g. EC 2019f), 
the ISO standards (ISO 2006a, b) were mentioned as the 
reference guidelines according to which a LCA study should 
be performed. Lastly, PEF/OEF were extensively described 
in EC (2013a), illustrating in the annexes the complete 
methodology for performing PEF/OEF-compliant studies. 
The EC (2013a) was also one of the few cases in which a 
comprehensive LCA-based method was fully described in 
a legal document.

Among the 167 classified communications, 25 were pro-
posals (for a regulation, for a directive, for a decision) result-
ing in other legal acts already finalised and published.4 On 
the other hand, other proposals related to policies envisioned 
in the future but not already operating were analysed. In 
the latter case, it is worth mentioning the 2020 communica-
tion (CEC 2020e), that demanded the active engagement of 
stakeholders at all levels of governance, to ensure that EU 
climate and environment laws are effectively implemented. 
This communication forms the EU’s basis for achieving 
the United Nation’s 2030 Agenda and its Sustainable Devel-
opment Goals (UN 2015). Lastly, 2 communications, also 
explicitly referred to life cycle–related potential trade-offs. 
Notably, in the 2011 flagship initiative for a resource-effi-
cient Europe (CEC 2011a), it was mentioned that in order 
to make the right choices with regard to resource-efficiency 
policies, there is the need to consider the whole life cycle of 
the way resources are used, including along the value chain, 
and the trade-offs between different priorities. Moreover, in 
the 2005 Thematic Strategy on the prevention and recycling 
of waste (CEC 2005b), it was stated that all phases in the 
life cycle of a resource need to be considered as there can be 
trade-offs between different phases, and measures adopted to 
reduce environmental impact in one phase can increase the 
impact in another. Despite being a crucial aspect to be con-
sidered and understood when interpreting life cycle-based 

comparative results (Prado-Lopez et al. 2016), the results of 
our analysis on EU communications show that trade-offs are 
generally implicitly taken into consideration when referring 
to life cycle approaches.

4 � Discussion

Although the classification and interpretation of the results 
were affected by a certain level of subjectivity, the collected 
information are nonetheless useful for providing qualita-
tive insights on the embodiment of life cycle thinking and 
life cycle approaches in EU policies and communications. 
Moreover, these results could be used to provide recommen-
dations for future improvements.

The EU has already made significant steps forwards in 
the implementation of life cycle in policies, through various 
documents starting with the Integrated Product Policy (IPP) 
(CEC 2001, 2003), as it is possible to notice from Table 1 
and the S1.

In the abovementioned IPP, the EC concluded that LCA 
provides the best framework for assessing the potential envi-
ronmental impacts of products that is currently available. 
However, the need for more consistent data and consensus 
on LCA methodologies was underlined.

Later, LCT and LCA were then further integrated in 
specific sectorial policies, as the Thematic Strategy on the 
Prevention and Recycling of Waste (CEC 2005b), the The-
matic Strategy on the Sustainable Use of Natural Resources 
(CEC 2005a), the Sustainable Consumption and Produc-
tion, and Sustainable Industrial Policy Action Plan of 2008 
(CEC 2008b). In 2005, the IPP communication was par-
ticularly strengthened by the Thematic Strategy on the Sus-
tainable Use of Natural Resources of the EC (CEC 2005a), 
which focuses on decoupling economic growth from envi-
ronmental impacts. LCT is core to this thematic strategy, 
being a foundation of the indicators that will be developed 
to monitor progress across the community.

In the first decade of the 2000s, LCT was mentioned as 
a key approach in the Sustainable Consumption and Pro-
duction and Sustainable Industrial Policy (SCP/SIP) Action 
Plan (CEC 2008b), as well as more overarching policy 
documents, such as the Resource Efficiency Flagship Initia-
tive of the Europe 2020 Strategy (CEC 2011a), and related 
Roadmap (CEC 2011b). Of particular note here is the stated 
objective of the Roadmap to a Resource Efficient Europe 
according to which, by 2050, the EU economy shall have 
developed in way able to accommodate resource constraints 
and planetary boundaries.

In 2013, together with the Recommendation establish-
ing the PEF/OEF methods (EC 2013a), a landmark com-
munication was released: the Single Market for Green 
Products communication (CEC 2013a). Among all others, 

4  For instance, the 2016 proposal (CEC 2016c) on the financial rules 
applicable to the general budget of the Union and the related regula-
tion in 2018 (EC 2018d); the 2005 proposal (CEC 2005c) on waste 
and the related directive in 2008 (EC 2008).
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the PEF/OEF methods constitute one of the most relevant 
game changers in the field of LCA. In fact, these are the 
first systematic attempts to have a robust and compara-
ble method for LCA applied in policies and green claims, 
even from a legal point of view. The PEF and OEF meth-
odologies build on existing LCA-based methods aiming 
at harmonising them and at establishing a tool to assess 
the environmental performance of products, services and 
companies based on a comprehensive assessment of envi-
ronmental impacts over the life cycle. The 2013 EC Rec-
ommendation promoted the PEF/OEF in view of meas-
uring and communicating the life cycle environmental 
performance of products or organisations. The final goal 
was to reduce and overcome the fragmentation of avail-
able methods for measuring environmental performances.

In view of enabling comparability of products and organ-
isations performances, the Product Environmental Footprint 
Category Rules (PEFCRs) and Organisation Environmen-
tal Footprint Sector Rules (OEFSRs) were developed by a 
Technical Secretariat, composed of at least 51% of the EU 
market, plus other stakeholders. Currently, 19 PEFCRs (cov-
ering for instance food, batteries, laundry detergents, metal 
sheets, laundry detergents, etc.) and 2 OEFSRs (related to 
copper production and retail) are available (EU 2020h). 
The development of a PEFCR/OEFSR is a crucial aspect 
for improving the robustness of the PEF/OEF, since these 

rules are established on the basis of an agreement between 
the scientific community and the industry. However, even 
if more PEFCRs are expected to be developed in the next 
years, the establishment of a PEFCR is a challenging pro-
cess. The development process is commonly time-consum-
ing and the final agreement between the involved parties 
on a specific PEFCR is not ensured, therefore limiting the 
potential prompt implementation in policies.

In the most recent years (from 2016 onwards, with par-
ticular emphasis in the years 2018, 2019, and 2020), the 
number of policies and communications that are explicitly 
citing concepts and methods related with life cycle is grow-
ing. It is definitely worth of mention the 2019 communica-
tion (CEC 2019a) on the European Green Deal. This com-
munication set the commitment of the EC to tackling climate 
and environmental-related challenges, aiming to transform 
the EU into a fair and prosperous society with a modern 
and resource-efficient economy and setting the target for the 
carbon neutrality of the EU by 2050. A number of other 
communications are also going in the same direction, com-
plementary to the Green Deal by tackling some specific top-
ics, as illustrated in Fig. 6.

For instance, in case of the food sector (CEC 2020c), 
the relevance of a life cycle viewpoint was outlined, since 
a better information from “farm to fork” is foreseen (cov-
ering where the food comes, its nutritional value, and its 

Fig. 6   An overview of the role of LCT, LCA, and PEF/OEF within the EU Green Deal and related policies initiatives
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environmental footprint). Chemicals (CEC 2020d) were 
furthermore considered, with the aim of ensuring sustain-
ability by minimising their environmental footprint. In the 
case of industry (CEC 2020f), a reduction of their carbon 
footprint ensuring sustainability was also envisaged. Moreo-
ver, circular economy was mentioned in view of proposing 
sustainable solutions to reduce EU consumption footprint, 
as it is detailed in the related communication (CEC 2020a). 
The measures proposed by the EU Green Deal will signifi-
cantly benefit EU companies, in particular by means of and 
improved digitalisation and information flow, providing 
more detailed information on product’s origin, composi-
tion, repair and end-of-life handling, therefore enabling a 
more circular economy. This will improve the reliability of 
companies’ “green claims,” therefore reducing the risk of 
“greenwashing” and the proliferation of unreliable and not 
scientifically based environmental labels that are leverag-
ing on the worldwide growing interest on sustainable topic. 
Lastly, many other fields of action (e.g. product policies, 
investments, biodiversity) were addressed as well in the 
European Green Deal, identifying this communication as a 
key document for the future of Europe. The analysis of the 
abovementioned documents indicated that no case study or 
benchmarks are mentioned and that they do not include any 
specific detail on how to perform a LCA. However, despite 
not proposing specific requirements, a stronger commitment 
to the implementation of LCA-related results is evident.

From Table 1, the main key sectors of the classified poli-
cies and communications can be identified. In particular, 
both the waste sector (e.g. communication: CEC 2005b; 
directives: EC 2008, 2018a) and the construction sector (e.g. 
regulation: EC 2011; communication: CEC 2012a) can be 
highlighted, since in these cases, life cycle approaches and 
methods, in particular LCA and LCC, exhibit particular 
relevance. Most of the abovementioned policies and com-
munications focused mainly on LCA, whilst LCC was espe-
cially mentioned in specific context, such as the directives 
on procurement (EC 2014a, b, c) or on specific sectors, e.g. 
the construction sector. For instance, in the 2012 strategy for 
the sustainable competitiveness of the construction sector 
and its enterprises (CEC 2012a), LCC was mentioned as a 
methodology for supporting the development of a model for 
Green Public Procurement and for sustainable development 
principles related to regional policies.

In two other fields, Green Public Procurement and Sus-
tainable Public Procurement (communication: CEC 2008a; 
directives: EC 2014a, b, c), life cycle concepts have pivotal 
roles in the procurement processes themselves. Moreover, 
in the 2017 proposal for a regulation on low carbon bench-
marks and positive carbon impact benchmarks (CEC 2018b), 
that resulted in the 2019 regulation (EC 2019g), the PEF/
OEF methods were remarkably envisioned as “the preferred 
option” among the future policy alternatives for harmonising 

the methodology to be applied to low-carbon indices and 
“positive carbon impact” indices to help investors compare 
the carbon footprint of investments.

In addition, other relevant sectors in the field of life cycle 
were identified. This is particularly the case of energy-
related policies: the 2005 Directive (EC, 2005) on Ecodesign 
requirements for energy-using products, the 2016 commu-
nication (CEC 2016a) on accelerating clean energy innova-
tion, the 2017 regulation (EC 2017c) on energy labelling, the 
2018 RED II Directive (EC 2018b) on renewable energy, and 
the 2019 Directive (EC, 2019a) on the promotion of clean 
and energy-efficient road transport vehicles and communica-
tions specific to batteries (e.g. communications: CEC 2018e, 
2019b). The analysis of life cycle concepts and approaches 
in the policy and communication documents for the energy 
category highlights how the main focus is related to the tran-
sition towards the use of the renewable energies and fuels. 
The directive of 1998 relating to the quality of petrol and 
diesel fuels (EC 1998) has been updated and mentioned in 
recent years (EC 2009c, 2015a, d), especially in the field of 
the monitoring and the reduction of life cycle greenhouse 
gases emissions and the improvement of the quality of petrol 
and diesel fuels towards the promotion of the use of renewa-
ble energy sources. With this regard, the promotion of biofu-
els and other renewable fuels was proposed already in 2003 
(EC 2003) introducing minimum proportion of biofuels and 
other renewable fuels placed on the Member States markets. 
Moreover, transversal issues related to the adoption of bio-
fuels were mentioned, such as the indirect land-use change 
related to biofuels and bioliquids as indicated in the report 
of 2010 (CEC 2010a). Lastly, recent document stemming 
from the European Green Deal (CEC 2019a) focused on 
alternative energy sources, such as hydrogen (CEC 2020g), 
which is considered a key energy carrier for the reduction of 
life cycle greenhouse gas emissions by minimum 50% and 
towards 55% by 2030, in a cost effective way.

Furthermore, two policies have been also relevant con-
cerning green purchasing: (i) the 2016 communication 
(CEC 2016b) that resulted in the 2018 regulation (EC 2018e) 
on the Governance of the General Union, which cites that 
MS shall require a life cycle thinking approach to energy 
suppliers in order to reduce life cycle greenhouse emissions, 
and (ii) the 2017 communication (CEC 2017a) related to the 
EU Environmental Implementation Review, where a LCT 
perspective was presented as a successful example of an 
approach (that has been adopted by many MS) able to make 
purchased goods and services more sustainable through pub-
lic procurement.

Whilst Table 1 provides insights on the main key legal 
acts analysed, Fig. 1 illustrates that decisions and regula-
tions were essential legal acts with regard to the entirety of 
the classified policies (a total of 159). Decisions frequently 
were related to the “research and other programmes” sector 
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(for instance related to the adoption of the multiannual LIFE 
work programme or the establishment of the specific pro-
gramme implementing "Horizon 2020") and were also com-
monly present with regard to the household goods sector 
(given the numerous specific applications of the Ecolabel 
Regulation) (Fig. 2). Regulations on the other hand are the 
most binding EU policies acts (see the SI): LCT/LCA/LCC 
have been crucial into regulating appliances (in particular 
the numerous specific applications of the Ecodesign Direc-
tive) as well as in the “research and other programmes” sec-
tor (for instance establishing the "Horizon2020" programme 
programmes or concerning LIFE + programme) (Fig. 2).

With regard to directives, LCT/LCA/LCC have been cru-
cial for the waste sector (e.g. waste, packaging and packaging 
waste, Waste Electrical and Electronic Equipment—WEEE) 
and for the “energy and fuels” sector (e.g. petrol and die-
sel fuels, biofuels, and other renewable fuels for transport). 
However, compared to regulations, the classification of EU 
directives showed wider application of LCA to different sec-
tors (e.g. waste, mobility, energy, and fuels) (Fig. 2). It is 
however important to keep into consideration that beside 
their frequency, the content of the classified legal acts was 
relevant as well. For instance, results indicate that Recom-
mendations were less represented compared to other legal 
acts. However, for instance the Recommendation of 2013 
(EC 2013a) introduced the PEF/OEF methods, which had an 
outstanding relevance in the following LCA-related policies 
and communications, especially in the more recent years.

Most of the classified communications (Fig. 3) have been 
mainly implemented with regard to (i) “energy and fuels” 
(e.g. focusing on clean energy innovation and a rational use 
of energy, and fuels such as biofuels and hydrogen) and (ii) 
“circular economy and sustainable development,” mainly in 
recent years (due to the increasing focus on these topics, 
noticeable for instance in the European Green Deal in 2019, 
in the Circular Economy Action Plan and in the Chemicals 
Strategy for Sustainability in 2020, etc.). The idea of circular 
economy has roots in concepts of real-world systems and 
cycles, where waste of resources is minimised and materials 
are maintained for as long as possible “in circle,” therefore 
reducing waste generation. In recent years, the EU  has pro-
moted the transition towards a circular economy, to achieve 
a regenerative growth model able to maintain production 
and consumption systems within sustainable levels. Most 
of the policies and communications discussing the concepts 
of Circular Economy were published in the years from 2019 
to 2020, leveraging on two key earlier documents: the EU 
action plan for circular economy of 2015 (CEC 2015a) and 
the communication on the role of waste-to-energy in the 
circular economy of 2017 (CEC 2017b). Furthermore, waste 
(e.g. end-of-life vehicle, waste management) and “industry 
and business” (with a preponderance of documents related 
to public procurement) are two other relevant sectors among 

the analysed communications, together with “research and 
other specific programmes,” that are assessing a wide array 
of topics (e.g. nanotechnology, the urban environment, econ-
omy in the EU Atlantic area).

In general, results highlight that life cycle concepts (espe-
cially LCT) have been primarily developed and implemented 
in product policies, showing a clear higher level of maturity 
in the implementation in this field compared to others.

Lastly, from Figs. 4 and 5, it was evident the presence of 
early legal acts including life cycle considerations. In fact, 
the first ISO standards formalising the LCA methodology 
are dated 1997–1998 (ISO 1997), which were then substi-
tuted by the more recent standards (ISO 2006a, b). Results 
indicate the presence of policies and communications which 
already contained LCT concepts before 1997. Notably, a 
LCT approach was already mentioned in 1991 in the deci-
sion related to research and technological development in the 
field of industrial and materials technologies (EC 1991), in 
which considerations on the whole products life cycle were 
seen as crucial for a revitalisation of EU manufacturing pro-
cesses. In the regulation of 1992 (EC 1992), the eco-label 
award scheme was established for the first time. This regula-
tion focuses on the design, production, marketing, and use of 
products which have a reduced environmental impact during 
their entire life cycle. This regulation was anticipated by the 
related proposal in 1991 (CEC 1991). Furthermore, in 1994 
the directive (EC 1994) on packaging and packaging waste 
was published, in which it was stated how the Commission 
shall promote the preparation of EU standards relating to 
criteria and methodologies for life cycle analysis of packag-
ing. It is also worth noticing how the environmental foot-
print was already mentioned even when the method was not 
precisely defined yet (i.e.: before the 2013 recommendation, 
EC, 2013a). In fact, some earlier communications (CEC, 
2012d, e, 2013b) highlighted how the Commission intended 
to recommend the environmental footprint as best practices 
and methodologies in the field of life cycle assessment. 

Furthermore, the application of LCA for macro-scale 
analysis has increasingly gained interest in the policy context. 
EC-JRC has developed a set of life cycle based indicators for 
assessing the environmental impact of consumption in Europe 
(Consumption and Consumer footprint, Sala et al. 2019). An 
example of the use of these indicators, is in the Circular Econ-
omy Action Pan (CEC 2020a) which mentions consumption 
footprint in the section on monitoring. However, also other 
policies refer to the need of reducing the overall footprint, i.e. 
in the case of the “farm to fork” communication (CEC 2020c), 
aiming at the reduction of the overall footprint of the food 
system.

Even if LCA, LCC, and especially PEF/OEF are increas-
ingly relevant, LCT is continuosly mentioned in policies, 
in more and more sectors of intervention. It is nonethe-
less worth mentioning that LCT exhibits an overall slight 
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reduction in its yearly frequency when the 57 decisions 
related to Ecolabel criteria for specific products and the 
24 regulations related to specific Ecodesign implementa-
tions are removed (see the SI). This aspect constitutes a 
particularly relevant element of reflection: in fact, in many 
cases, “life cycle” was addressed and cited only as a general 
and rather unspecified concept, while more stringent and 
rigorous methods (such as LCA and PEF/OEF) were com-
monly cited in view of future development or within few 
key regulations and/or directives (e.g. the EMAS regulation 
(EC 2009b), the renewable energy Directive (EC, 2018b), 
the “single use plastic” Directive (EC 2019b), the sustain-
able investments regulation (EC 2020a)).

A number of key aspects can be identified to ensure 
applicability of LCA into policies. When life cycle assess-
ment is applied to specific requirements (i.e. those set 
into products’ policies), it is crucial to grant transparency, 
reproducibility and verifiability of the results. Based also 
on similar experiences on the inclusion of environmental 
requirements into policies (e.g. those related to raw materi-
als sourcing, durability, end-of-life management (Ardente 
and Mathieux 2014)), a system for the verification of LCA 
results is probably the most relevant challenge to overcome. 
In fact, an important aspect worth considering is that in 
view of ensuring clear (mandatory) LC-based requirement 
in policies, these requirements should be both more binding 
but also verifiable. The method for the verification of LCA 
results in policy requirements (necessary, for example, to 
prove the achievement of a certain target) needs to be suffi-
ciently robust, being potentially suitable “for suing for trial” 
a non-compliant company. In particular, to grant robustness 
and verifiability, it is necessary to guarantee availability and 
quality of LCI (life cycle inventory) data. Other methodo-
logical and practical issues can also affect the integration of 
LCA into policies, such as the following:

1.	 The use of a consequential versus attributional LCA 
(depending on the scope of the policy). So far, conse-
quential LCA concepts have been implemented only to 
a limited extent. In particular, it is worth mentioning 
the Renewable Energy Directive REDII (EC 2018b) that 
accounts for indirect land use change;

2.	 The relationship and integration with other models 
widely used in policy context (e.g. economic models 
such as partial equilibrium models or general equilib-
rium models, or other qualitative/quantitative methods 
for environmental impact assessment);

3.	 The need of normalization and possibly weighting fac-
tors when using  impacts assessment methods address-
ing different impact categories;

4.	 The need of defining benchmarks for evaluating policy 
options (especially in light of using LCA in some label-

ling schemes, or to set impacts thresholds beyond which 
the product is not acceptable in the market).

Despite the recent development of the PEF/OEF, poli-
cies and communications are frequently missing specific 
methodological and data requirements together with key 
detailed explanation on steps and procedures to be followed 
when performing a LCA study. The results of the dedicated 
requirement analysis (SI) indicated an overall lack of strict 
requirements or methodological guidelines for performing 
life cycle evaluations. This highlights how LCA should be 
better integrated in policy making, in a way that also ensures 
the right balance between the following:

1.	 Enhancing the comparability of LCA results (by being 
very prescriptive in data and methodological choices) 
versus providing the required flexibility (in order to 
grant the applicability of the LCA to diverse product 
groups or sectors);

2.	 Allowing limited assessments for a few impact catego-
ries (simplifying the interpretation of the results) ver-
sus pushing towards more comprehensive assessments 
(including a large set of impact categories but more dif-
ficult to be assessed jointly);

3.	 Using only very robust life cycle impact assessment 
methods (e.g. with regard to Global Warming Potential, 
as the main used in policies) versus extending to meth-
ods able to address more impacts (e.g. 16 environmental 
impacts as recommended by PEF), ensuring their appli-
cability  into policies.

5 � Conclusions

Life cycle thinking and assessment are progressively moving 
from academic implementation and ad hoc uses (primar-
ily in-house in large companies) to broader applications in 
the society. This article presents one of the first systematic 
review and assessment of the applications of the LCT/LCA/
LCC into policies, with a special focus to the EU context.

Over the last 30 years, there has been an increasing 
emphasis on integrated approaches in environment policy 
in the EU. Policies have focused on linkages between envi-
ronment media (such as air, water and soil) and cross-cutting 
environment themes (e.g. climate change, biodiversity) that 
pay more attention to sustainable resource use.

In a growing number of policies, LCT and LCA have been 
recognised as useful approaches supporting impact assess-
ment, implementation measures, and monitoring needs.

Already in 1990, the Council resolution of 7 May 1990 on 
waste policy (EC 1990) invited the Commission to submit as 
soon as possible a proposal for a Community-wide ecolabel-
ling scheme covering the environmental impact during the 
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entire life cycle of the product. This resulted in the first EU 
Regulation regarding Ecolabel (CEC 1991; EC 1992), in 
which it was evident how the evaluation of the impacts asso-
ciated to product life cycle is at the core of the label scheme. 
From the results of the present study it is evident the pivotal 
role not only of the Ecolabel Regulation (EC 1992, 2010a), 
but also of the Ecodesign Directive (EC 2005, 2009a). 
These two policies have been important in the widespread 
of LCA with regard to products, since a high number of 
specific documents implementing these policies have been 
introduced during the years. In addition, recent cutting-edge 
methodologies (the PEF/OEF) manifest the growing interest 
in the harmonisation of key methodological choices and data 
quality requirements in the field of LCA. In the most recent 
years (from 2016 onwards), the number of policies and com-
munications that are explicitly citing concepts and methods 
related with life cycle is growing, and the EU policy-making 
can be considered a frontrunner in the implementation of 
LCA into policies.

Based on the policies classified in this review, it is evident 
that the concept of life cycle has been continuously grow-
ing in number and relevance of the applications, and it is 
increasingly cited and envisioned as a relevant element also 
for future policies. In particular, LCT is very horizontally 
adopted in key strategic documents for setting of new poli-
cies and ambitious targets in the context of the EU Green 
Deal. However, it was identified that life cycle concepts 
could be implemented in a more thorough way in policies. 
In fact, results of a dedicated assessment of life cycle-based 
requirements in policies indicate a general lack of specific 
methodological requirements and guidelines for the applica-
tion of life cycle methodologies (LCA, LCC and PEF/OEF).

Depending on the type of application of policies, even 
the quality of LCA results can change. For general poli-
cies (including strategic document, planning, research pro-
grammes), it is still possible to use LCA to a higher level 
of uncertainty. When LCA is instead applied to specific 
requirements, it is necessary to specify with a very high 
level of details the methods and underlying data to be used. 
The presence of market surveillance authorities of MS could 
ensure that such requirements are binding enough, demand-
ing for instance compulsory information.

The abovementioned aspects are crucial for any policy 
makers and require actions by several stakeholders (from 
methods developer to policy maker) to ensure applicability 
of LCA to policies. Furthermore, a number of other methodo-
logical and practical issues that can affect the integration of 
LCA into policies can be identified (e.g. the use of consequen-
tial or attributional LCA, the need of defining benchmarks, the 
integration with other models widely used in policy context).

An overall objective that is possible to identify from the 
performed analysis is the need of moving from general LCT 

approaches, which have been to date predominant compared 
to other life cycle approaches, toward more comprehensive 
uses of LCA (such as, for instance, evaluation of impacts 
according to the prescription of the Environmental Foot-
print methods). Among all others, the PEF/OEF methods are 
worth mentioning, since these represent one of the most rel-
evant initiatives in the field of life cycle assessment in recent 
years. These methodologies seek to establish a common 
method to measure and communicate the life cycle environ-
mental performance of products and organisations, and, fur-
thermore, introduced the PEFCRs. Given the wide range of 
different decision-contexts and sectors, the development of 
product-/sector-specific criteria, guidelines, and simplified 
tools would provide an important support for fostering LCA 
applications, and the PEFCRs are going into this direction. 
In fact, PEFCRs will support practitioners in focusing on 
the most important parameters, thus also reducing the time, 
cost and the expertise required. In general, the main field of 
action where life cycle was found to be relevant in the EU 
set of policies referred to product policies. This is evident, 
for instance, in the relevance of the Ecolabel Regulation and 
the Ecodesign Directive (and related implementations), as 
illustrated in the results of this work. The importance of 
the evaluation of environmental impacts/costs with a life 
cycle mindset is expected to further grow and the analysis 
of recent policies and communication indicate that the envi-
ronmental footprint methods will be strongly considered in 
the foreseeable future.

Finally, there is the need of collaboration and co-pro-
duction of knowledge towards harmonisation of life cycle 
approaches. This should be done in order to ensure that dif-
ferent policies considering life cycle perspectives are coor-
dinated when assessing diverse topics. This implies also 
additional efforts towards harmonising life cycle methods 
adopted in different policy contexts which have a life cycle 
perspective. In this context it is worth mentioning the rel-
evant role of the scientific community, which should keep 
in mind the policy needs when proposing for instance new 
impact assessment method. In fact, it would be important to 
account for robustness, data availability, representativeness, 
understanding (for non LCA-experts), and verifiability in 
developing new LC-related results, in view of pave the paths 
for easier policy implementations.

Our expectation, based on the past experience of using 
LCT and LCA approaches for policy support, is that the use 
of life cycle methodologies and related methods and tools 
in policy support will continue to grow in influence in the 
foreseeable future and that the environmental performances 
of MS will be improved by the time of the next review.
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