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Life cycle engineering (LCE) targets product development and manufacturing activities in a life cycle
perspective, with the aim to create more sustainable solutions. Coined approximately 30 years ago, it was
adopted by the International Academy for Production Engineering (CIRP, from the French title), which
established annual conferences on life cycle engineering to further develop the concept and its oper-
ationalisation. With the recent advent of the United Nations’ Sustainable Development Goals (SDGs),
engineering is now provided with specific targets to steer societies towards sustainable production and
consumption. But how can LCE contribute to meeting the UN SDGs? Here, we report on a consultation
process conducted as part of the 25th CIRP LCE conference, organised in Copenhagen, DK, in 2018.
Approximately 175 participants reflected on a list of ten pre-identified challenges for implementing the
Life cycle assessment SDG agenda that LCE could help tackle, and were solicited to propose solutions. A total of 118 solutions
Manufacturing were proposed, and the main messages and recommendations are summarised and reported in the
SDG paper. Overall, they voice the need for stronger action from academia (e.g. research needs related to
Sustainable production and consumption addressing trade-offs across SDGs), business and governments (e.g. transparent and harmonised
reporting on sustainability performances, internalisation of external costs) and society at large (e.g.
consumer behaviour, role of education).
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1. Introduction

The term of “Life Cycle Engineering” (LCE) can be traced back to
the late 80s/early 90s, where it was coined by academic leaders in
product design and manufacturing communities, who recognised
the need for developing a “new industrial culture” of sustainable
industrial production (Fabricky, 1987; Keys, 1990; Keoleian and
Menerey, 1993; Alting and Jergensen, 1993). As a result, the Inter-
national Academy for Production Engineering, also known by the
acronym CIRP (the acronym derives from the original French name
for the academy), adopted the life cycle engineering concept in
1992, establishing an official LCE working group, and one year later
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the first international CIRP Life Cycle Engineering conference was
held.

Life cycle engineering was then identified as a key element in
the process to assess and improve the environmental, occupational
health and resource consequences of products and services
throughout all life cycle stages, i.e. from extraction of raw materials
to final disposal (Alting and Jergensen, 1993; Alting and Legarth,
1995). A more comprehensive definition of LCE was later pro-
posed by Jeswiet et al. (2003) as “the engineering activities which
include the application of technological and scientific principles to
manufacturing products with the goal of protecting the environ-
ment, conserving resources, encouraging economic progress,
keeping in mind social concerns, and the need for sustainability,
while optimizing the product life cycle and minimizing pollution
and waste.” Hauschild et al. (2017) challenged that definition, rec-
ommending the refocusing on the environmental dimension of
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sustainability and introducing an absolute sustainability perspec-
tive to change the focus of the LCE discipline from eco-efficiency to
eco-effectiveness towards a sustainable consumption and produc-
tion. Over the last three decades, methods and tools have been
developed in support of LCE (Herrmann et al., 2014), including life-
cycle-oriented methodologies, such as life cycle assessment (LCA)
or life cycle costing, as well as life-cycle stage-oriented methodol-
ogies, such as green material selection or some ‘Design for X’ ap-
proaches (X = disassembly, recycling, etc.).

The relatively recent United Nations’ Sustainable Development
Goals (SDGs) allow LCE to focus and to derive areas of action. Set by
the United Nations General Assembly in 2015 and adopted by all
member states, the SDGs are a collection of 17 goals, associated
with 169 targets, which provide a 2030 agenda for reaching sus-
tainable development with regard to economic, social and envi-
ronmental issues (UN, 2015; ICSU/ISSC, 2015). To avoid problem
shifting most these goals require to be addressed with a life cycle
perspective. In addition, several goals can be directly linked to
sustainability in manufacturing, for example SDG no. 12 “Ensure
sustainable consumption and production patterns” (UN, 2015;
ICSU/ISSC, 2015). However, the broader perspective on “How can
LCE contribute to meeting the UN SDGs?” still remains to be
addressed.

Previous attempts to relate the SDGs to life cycle engineering
include Schroeder et al. (2019), who reviewed circular economy
(CE) practices and linked them to SDGs to identify opportunities,
Juraschek et al. (2018), who explored potential contributions of
urban factories to the SDGs, Secher et al. (2018), who proposed
linkages between LCE and SDGs for small and medium enterprises
in the building material sector, or Pedersen (2018), who reported
feedback from the utilisation of SDG in business strategy with the
case of enzyme production. Albeit laudable, none of the above
studies relates LCE to SDGs in a broad context to identify potential
challenges and solutions in using LCE to help meet the SDGs.

We took the opportunity of the 25th CIRP Life Cycle Engineering
conference, organised in 2018 to bring this question on the agenda
(Hauschild et al., 2018). Through the design and conduct of an
interactive session, we aimed to (i) map which SDGs could be
relevant to manufacturing industry, (ii) identify a set of key chal-
lenges for implementing the SDG targets in manufacturing in-
dustry, and (iii) discuss possible LCE-related solutions to overcome
these challenges based on the collected inputs at the conference
session. Here, we report the main findings from that consultation
process. As part of the reporting, we also describe the methodology
in detail in the hope that it may be of use to others inside and
outside the LCE field wishing to identify challenges and solutions
for implementing the SDG agenda.

2. Methodology

The interactive session was organised as part of the scientific
programme of the 25th CIRP LCE conference, organised from 30
April to 2 May 2018 in Copenhagen, Denmark. The conference itself
gathered 246 participants under the conference theme of
“Advancing Life Cycle Engineering to meet United Nation's Sus-
tainable Development Goals” (proceedings in Procedia CIRP 69;
Laurent et al., 2018). The interactive session addressed the over-
arching question: “How can Life Cycle Engineering contribute with
solutions and tools to meet the challenges in implementing the UN SDG
targets?” Details of the methodology and the steps followed before,
during and after the conference session (from preparation to result
analysis) are documented in Supplementary Information (SI); a
brief summary is provided here.

Based on a review of the SDGs made by the session organisers
(i.e. authors of this paper), a total of 33 SDG targets were identified

as relevant to the manufacturing industry (Supporting Table S1). As
part of an internal discussion, ten challenges were identified in the
achievement of these 33 targets —see Table 1. The session design
was then planned so that the participants would be presented with
these 10 challenges and discuss potential solutions to overcome
one or more of them, according to their own main interests.
Approximately 175 participants attended the session. The partici-
pants were asked to randomly form groups of 3—5 members as
seated and report their potential solutions back to the session or-
ganisers. This reporting was done via a transparent and easy-to-use
online tool (padlet.com), representing a free wall for real-time
participation and assessment of multi-person inputs. In the ses-
sion, groups could address any or all of the 10 challenges as they
wished. The tool ensured full anonymization of the submitted in-
puts, i.e. without tracking of any name or other personal informa-
tion of any individual or group submitting one or more solutions to
the wall.

3. Results and discussion
3.1. Overall survey results

About 175 participants attending the session, proposed a total of
118 solutions. For data protection reasons, only aggregated results
and findings are provided in the following (no reporting of indi-
vidual answers). Fig. 1 shows the number of solutions for each of
the challenges listed in Table 1. It should be noted that many of
these solutions have the nature of additional challenges or sub-
challenges rather than operational solutions (difficult to prevent
in surveys with open questions). Nonetheless, they are in the
following referred to as “solutions”.

When reading and interpreting the survey results, some char-
acteristics of the surveyed participants should be kept in mind: (i)
more than 90% of the participants come from high income coun-
tries (i.e. industrialised countries in Europe and North America,
mainly); (ii) ca. 87% of the participants are from academia, with
only 9% from industry/consultancy and 2% from authorities; and
(iii) a large proportion of the participants represent the fields of LCA
and/or manufacturing industry, and are naturally prone to reflect
their respective fields when solicited.

Fig. 1 shows that the number of proposed solutions per chal-
lenge varies strongly from one challenge to another. This may be
explained by a large representation of experts in the fields covering
a specific challenge or by the varying difficulty of the challenges.
Therefore, the observed distribution does not necessarily indicate
that one challenge is more important or relevant than another.
These biases may explain some of the observed trends in Fig. 1; for
example, the emphasis on Challenge 7 on engineering education
may be partly due to the large representation of academics in the
session.

3.2. Key messages

Key findings from the session outcomes were identified and
analysed; they are summarised in the following (in no specific
order):

e Relevance of including both producer and consumer perspectives.
In spite of a strong representation of the manufacturing research
community (within academia and industry), the general trends
from Fig. 1 suggest that the achievement of the SDGs must be
addressed by taking both producer and consumer perspectives
into consideration (visible in answers to Challenges 1 and 3—6
that cover achievement of sustainable manufacturing and con-
sumption; data not shown).
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Table 1
Pre-identified challenges that LCE could address to contribute implementing the SDGs (formulated as preparation for the interactive SDG session at the CIRP LCE Conference
2018, Copenhagen, DK).

Challenges SDG targets addressed Challenge context
1 Ensure a combined optimisation of all relevant All preselected SDGs and their Trade-offs occur when a product or technology, which helps meeting
SDGs for manufacturing (trade-offs) corresponding targets as reported in specific targets, compromise other targets of the same or another goal. A
Supplementary Information (SI) challenge is both to quantify and weight such trade-offs
2 Translate absolute environmental sustainability 3.4; 3.6; 7.3; 12.3 ¢ Some SDGs use absolute environmental sustainability limits (e.g. reduce
limits into targets for companies or products by one third premature mortality) when defining underlying targets, but

it is not clear what these absolute limits actually mean for individual
products or companies
3 Focus business and product development on  All shortlisted SDGs and corresponding  To meet SDGs, product development should focus not only on designing

the achievement of SDGs targets as reported in Supplementary better products (in terms of quality, efficiency, revenue, etc.) but also on
Information (SI) designing more sustainable products.
4 Decouple economic growth from 3.4;3.6;3.9;6.3;6.6; 13.1; 14.1; 14.2; 14.3; Economic growth has happened at the expense of the environment and it
environmental degradation 15.1-15.5 is a challenge to ensure economic growth without increasing pressure on
the environment beyond sustainability limits
5 Promote sustainable consumption behaviour  12.2; 12.3; 12.5 Citizens can play an important role in contributing to meeting the SDGs,
in particular SDG12, but this may require changes in their way of living
6 Develop manufacturing for a circular economy 12.2; 12.3; 12.4; 12.5 Circular economy has the potential to make manufacturing more
that is sustainable in absolute terms sustainable, but it can be a challenge to identify whether it can make

manufacturing sustainable in absolute terms when absolute
environmental limits are considered

7 Integrate “engineering for sustainable 12.2;12.3; 12.4; 12,5 Engineers should know about how to address sustainability when
development” centrally in engineering developing new products or technologies
curriculum

8 Link existing sustainability tools in industry 9.4;12.2; 12.3; 12.4; 125 Assessing and managing sustainability requires taking a life cycle
(e.g. eco-design, LCA) with SDG framework perspective and existing tools, including LCA, could be used to address the

SDGs

9 Make addressing environmental and social All preselected SDGs and corresponding  Engineers should design new products or technologies with sustainability
challenges the ordinary way of engineering targets as reported in SI as guiding principle rather than an add-on

10 Make the International Academy for Production All preselected SDGs and corresponding To address SDGs relevant to manufacturing engineering, support from
Engineering (CIRP) an ambassador of targets as reported in SI influential and recognised bodies, like CIRP, with many LCE engineers on
sustainable engineering ° board, is probably indispensable "

» o

2 Only targets, where limits are clearly defined are listed here, hence excluding those using the terms “substantial reductions”, “sustainable ...
specifications.

b pre-identified challenge 10 is mainly motivated by the context of the CIRP conference. We fully acknowledge that, although the CIRP community should play a key role, the
relevance and influence of LCE in contributing to meet the SDGs extend beyond the CIRP community, and others stakeholders in the field of LCE should be key actors in this
effort.

”

without further

Challenge for implementing UN SDGs that LCE can contribute to undertake Count of proposed solutions Share

1 Ensure a combined optimization of all relevant SDGs for manufacturing (trade-offs) | 6 | 5.1%
2 Translate absolute environmental sustainability limits into targets for companies or products 8.5%
3 Focus business and product development on the achievement of SDGs 15 12.7%
4 Decouple economic growth from environmental degradation 9.3%
5 Promote sustainable consumption behaviour ] 25.4%
6 Develop manufacturing for a circular economy that is sustainable in absolute terms El 2.5%
7 Integrate "engineering for sustainable development" centrally in engineering curriculum 15.3%
8 Link existing sustainability tools in industry (e.g. ecodesign, LCA) with SDG framework 1 5.1%
9 Make addressing environmental and social challenges the ordinary way of engineering 8.5%
10 Make CIRP an ambassador of sustainable engineering [0 | 7.6%
Total count 118 100%

Fig. 1. Distribution of proposed solutions that the LCE field can bring to meet pre-identified challenges for implementing the United Nations Sustainable Development Goals
(collected during the interactive SDG session).

e Motivation for companies and customers to move towards SDGs. system with quantifiable metrics and based on life cycle
Different solutions were proposed to address Challenge 3 perspective needs to be developed, as suggested in solutions to
(enhancing business perspective to move towards SDGs) such as Challenges 3 and 4 (addressing business perspective to achieve
establishing a reward system (e.g. lower taxation schemes for SDGs and decoupling of economic growth from environmental
laudable companies) or ensuring a public recognition (public impacts, respectively). To be operational and effective, such a
disclosure of actions towards SDGs). A parallel is observed in system should be recognised by all stakeholders. The develop-
Challenge 5 (influencing consumer's behaviour), where price ment of such KPIs can be inspired from the development and
incentives for the consumers (e.g. lower taxation) were sug- application of nationally-determined contributions, which are
gested as a possible solution. actions planned by national authorities to undertake their

e Need to develop key performance indicators (KPIs) for SDGs for engagement towards the Paris Agreement and can be defined at
companies and products. To monitor the progress towards the specific levels of technologies or sectors (Vazquez-Rowe et al.,

SDGs and communicate on SDG performances, an evaluation 2019).
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e Internalisation of environmental impacts in product/production
costs. This is not a new call as the need for internalisation of
externalities (considering the entire life cycle of products), as
repeated here in solutions to Challenges 4 and 5 (decoupling of
growth from impacts, and promoting sustainable consumer's
behaviour), has been identified in many previous fora and in the
literature (e.g. WBCSD, 2010; van den Bergh, 2010). However, its
implementation in practice has yet to be attempted.

e Increasing transparency of sustainability performances of com-
panies and their products. Several solutions to Challenges 3 and 5
on business and consumer perspectives as well as to Challenge 9
on the routine integration of environmental and social per-
spectives in manufacturing engineering emphasise the need to
increase the communication and transparency of such report-
ing, often calling for mandatory disclosure of sustainability
performances. At the product level, environmental labelling
may be used for this (Frydendal et al., 2018), while corporate
sustainability reports could be a relevant communication route
for companies and organisations (Stewart et al., 2018). Trans-
parent communication however presents challenges, e.g. se-
lection and types of indicators to use and harmonisation issues.

e Defining absolute thresholds for raw materials adapted to company
or product levels. In addressing Challenge 6 (defining absolute
sustainability thresholds for manufacturing through circular
economy), which received the fewest answers (2.5% with 3
answers), the need to define such thresholds was raised. This is
aligned with the general need to determine absolute thresholds
from local to global scale for impacts on ecosystems, resources
and human health and to translate them at lower levels (prod-
ucts, sectors, organisations, individuals, etc.) based on allocation
principles (Kara et al., 2018; Laurent and Owsianiak, 2017; Bjern
et al., 2018; Ryberg et al., 2018; Fantke and Illner, 2019). Diffi-
culties in identifying and developing approaches to do so and in
the ensuing need to find consensus remain to be overcome, as
reflected by the lack of consistent solutions to Challenge 2 on
defining absolute thresholds for companies and products (data
not shown).

Need for developing priority or weighting schemes to address SDG

trade-offs. This proposal was raised as a solution to Challenge 1

on achieving a combined optimisation of all relevant SDGs, and

can be linked to proposals in addressing Challenge 8 to map
cause-effect mechanisms within and across SDGs and poten-
tially linking them to LCE indicators, e.g. covered in life cycle
impact assessment (LCIA) methods. Such linkage could help
solve some of the trade-offs between SDGs. As an example,
reducing biodiversity loss, which may be captured as one indi-
cator in LCIA, would contribute to addressing several SDGs, e.g.
no. 13 (tackling climate change), 12 (responsible production and
consumption), 14 (life below water), etc. Recent initiatives and
research projects have already been initiated in this direction,
including for example research plans to link SDGs to LCIA
frameworks (part of project initiated by UN Environment's Life

Cycle Initiative; Weidema et al., 2018) or research exploring the

connection of the broader life cycle sustainability assessment

framework with the SDGs (Wulf et al., 2018; Kiihnen et al.,

2019).

Importance of education. In terms of number of proposed solu-

tions, Challenge 7 on improving engineering curriculum is in the

top-3 among the challenges (attracting 15% of all answers,

Fig. 1). Three main propositions were made, confirming rec-

ommendations in published literature (Cosme et al., 2018): (i)

the education and motivation for sustainable development

could start before the engineering curriculum, e.g. from the
primary school education; (ii) the inclusion of environmental
sustainability topics could be made mandatory in engineering

education programmes; and (iii) teachers in high-level educa-
tion systems (but also at primary and secondary levels) should
be motivated and trained to address environmental sustain-
ability in a qualified manner in their courses.

Increasing the relation to environmental sustainability in the field
of engineering science. As part of Challenge 10 to strengthen the
role of CIRP in sustainable engineering, some answers reflected
on the possibility to impose authors of CIRP scientific journals to
relate their findings to environmental sustainability wherever
relevant, when describing new technologies or manufacturing/
disposal processes. This provocative proposal could be extended
beyond the CIRP community to the field of engineering at large.
One could thus envision scientific journal editors encouraging
authors of engineering-related studies to explicitly link their
research to environmental sustainability in their manuscripts.

4. Conclusions and recommendations

To the knowledge of the authors, this kind of survey exploring
solutions that LCE can bring to address challenges in implementing
the SDGs is the first of its kind. Out of the highlighted key messages,
many raise new challenges and call for immediate actions from
actors at all levels, calling for academia to address major research
gaps (e.g. practical integration of absolute perspective into LCE,
addressing of trade-offs across SDGs and linkage to LCIA), requiring
more effective business and governmental actions (e.g. transparent
and harmonised reporting on sustainability performances, inter-
nalisation of external costs) and, in a broader perspective, pleading
for changes in modern societies (e.g. consumer behaviour, role of
education). Among those, the influence, which LCE can have on
some societal and economic challenges, may not always be evident,
e.g. changes in consumption behaviour. Although the demonstra-
tion of such influence is beyond the scope of this reporting, the
authors believe that LCE can play a role in all these matters, where
dedicated methods and tools that have been and will be developed
can provide policy- and decision-makers with science-based sup-
port to shape sustainable societies. It is therefore our hope that
some of the key messages highlighted above will be taken up by
relevant stakeholders in academia, industry and authorities. We
also hope that such a survey can serve as inspiration to others to
help identify and prioritise actions to ensure evidence-based,
timely and effective implementation of the SDGs.
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