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1 Introduction

Politicians, activists, and researchers are striving towards 
a more sustainable economy. A comprehensive way to 
analyse the environmental sustainability of systems are 
methods based on life cycle assessment (LCA). At the 74th 
Discussion Forum on Life Cycle Assessment (DF LCA) 
held on June 29, 2020, the role of different life cycle–based 
approaches for generating scientific knowledge about a sus-
tainable economy were discussed within the LCA commu-
nity. These life cycle–based approaches were applied and 
further developed within the various research projects of 
the Swiss National Research Programme “Sustainable Econ-
omy: resource-friendly, future-oriented, innovative” (NRP 
73). This programme includes 29 research projects and 
generates scientific knowledge for the transition towards a 
sustainable economy, discovers untapped resource efficiency 
potential and contributes to achieving the Sustainable Devel-
opment Goals of the United Nations (Betz et al. 2020).

At the LCA Discussion Forum, twelve researchers pre- 
sented their methodological LCA approaches within their 
NRP73 projects. Sixty participants from academia, con- 

sultancy, industry, and public authorities engaged in the 
interactive conference. Bastien Girod, President of the 
Commission for Environment, Energy and Spatial Planning of the 
Swiss National Council, opened the day with a keynote on 
the role of LCA and rebound effects for a net zero carbon 
economy. The forum consisted of four thematic sessions that 
covered the topics of the different research projects where 
life cycle–based approaches were used. These topics were 
circular and sharing economy (1), public and private con- 
sumption (2), food production and consumption (3), and 
sustainable cities (4). For each topic, the methods presented were 
evaluated based on how they could contribute to a sustainable 
economy by addressing three overarching issues:

1. How can decision-makers use life cycle–based 
approaches to boost sustainable decisions?

2. Which life cycle–based approaches are best suited to 
reveal opportunities and risks for sustainability within 
the different economic sectors?

3. Which instruments are most useful for combining envi-
ronmental, economic, and societal aims?

These issues were additionally discussed in bilateral 
sessions, where experts exchanged their knowledge in Communicated by Matthias Finkbeiner.
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discussion groups of two and shared their insights using an 
online tool. These insights are presented in the last chapter.

2  Circular and sharing economy

The circular economy vision has raised awareness for the 
need to move from a linear economy to one where the value 
of materials and products is kept in the system as long as 
possible. The UNEP/SETAC life cycle initiative argues that 
LCA is suited as a tool to understand the environmental and 
social implications of circular economy strategies, as well 
as identifying the most promising of those strategies (Pena 
et al. 2020). Circularity in connection with sustainability can 
be addressed from different angles. In this forum, resource 
efficiency as a design principle was discussed as well as a 
method to systematically evaluate the environmental benefits 
of recycling and the quantification of sustainability benefits 
from sharing platforms.

Resources are crucial for a sustainable economy since 
resource extraction, processing, and final disposal are 
responsible for a large share of the anthropogenic burdens on 
the environment (Oberle et al. 2019). To reach environmen-
tal sustainability in a circular economy, resource inputs thus 
need to be restricted to what can be safely extracted, pro-
cessed, and released back into the environment (Desing et al. 
2020, 2021). An optimal design of services and products 
within an economy can reduce the pressure on resources and 
lead the way to a circular economy. Harald Desing (Empa) 
presented the resource pressure method (Desing et al. 2021). 
It precedes an LCA and provides practical means to sup-
port decision making during the design phase. It comprises 
qualitative design guidelines such as the recommendation 
to reduce product mass and increase lifetime or recyclabil-
ity of products. In addition, Desing’s approach includes a 
single score indicator for the quantification of the effective-
ness of circular design strategies. This allows the evaluation 
of circular design alternatives and their prioritization. To 
calculate the resource budget, life cycle data, and expertise 
is necessary, but practitioners in the industry only need to 
handle six parameters in the resource pressure method. This 
simplification facilitates the use of the method throughout 
the design process by product designers or engineers and can 
thus be a crucial part in developing designs for a sustainable 
economy. Data from the resource pressure method can later 
be used to expand to a more detailed ex post LCA.

While recycling is often considered to automatically lead 
to an environmental benefit, the actual benefit depends on 
the impact of the raw material, the recycling process, and the 
value retention (VR) after the process. Existing performance 
indicators of a circular economy fail to capture the sustain-
ability dimension of various VR processes. Stefanie Hellweg 
(ETH Zurich) described a new indicator which quantifies the 

Retained Environmental Value (REV) (Haupt and Hellweg 
2019). This indicator is the ratio of the net environmental 
benefits of the VR process divided by the original produc-
tion impacts. Hence, a value of 100% means that the full 
environmental value is retained without any losses (e.g. in a 
direct reuse scenario). A value between 0 and 100% means 
that part of the value is retained (with the difference to 100% 
quantifying the losses). A negative REV indicator indicates 
that the VR process produces more impacts than it is able to 
save, and hence, this VR process should not be carried out. 
The indicator can be quantified in terms of any environmen-
tal impact category, and expansion to include the economic 
and social dimensions is planned for the future research. 
Example of circular solutions for glass, newsprint, and motor 
blocks illustrated the use of the REV indicator.

In addition to sustainable design and circular solutions, 
a large sustainability potential lies in business models that 
contribute to a sharing economy. Rafael Laurenti (KTH 
Royal) presented the NRP 73 project ‘RE:Share Rebound 
Effects of the Sharing Economy’ which aims at evaluating 
the motivations of users and the environmental benefits of 
consumer-to-consumer product sharing platforms In Swit-
zerland and Sweden. He analysed the activities of 6600 peo-
ple who shared products such as log splitters, utility trailers, 
and garden tillers, as well as data from almost six times 
as many people who were benefiting from these possibili-
ties. The greenhouse gas (GHG) emissions saved due to the 
sharing platform were calculated based on the carbon foot-
print per monetary unit using 12 household consumption 
categories provided in the EXIOBASE 3 database (Stadler 
et al. 2018). In addition to substitution effects, Laurenti con-
sidered rebound effects due to the respending of marginal 
earnings in order to estimating the net environmental sav-
ings from sharing. He emphasized the importance of the 
aggregated effects of consumption of different products, 
behavioural changes, and a system perspective in order to 
adequately estimate the environmental benefits of businesses 
in a sharing economy.

3  Responsible public and private 
consumption

The second session focused on life cycle–based approaches 
in the context of responsible public and private consump-
tion. SDG 12 of the United Nations (2015) 2030 agenda for 
sustainable development emphasized the need for practices 
to reduce the footprint of global consumption. Hence, the 
session covered presentations on sustainability indicators for 
sustainable value chains and sustainability monitoring of 
public consumption, as well as business models that promote 
sustainable private consumption.
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Marcus Berr (Empa) presented the project “Open Assess-
ment of Swiss Economy and Society” (OASES) that aims at 
assessing the environmental, economic, and social impacts 
of Swiss production and consumption. Within this pro-
ject, Empa’s objective is to evaluate physical, geopolitical, 
economic, and regulatory supply risks along the complete 
supply chain by identifying and applying pertinent indica-
tors within the life cycle sustainability assessment (LCSA) 
framework. These supply risk indicators were identified by 
collecting existing supply disruption probability and vulner-
ability indicators from literature and by evaluating their suit-
ability regarding an integration into the LCSA framework. 
As could be shown, the database ecoinvent, EXIOBASE, 
and the Social Hotspot Database (SHDB) do not currently 
allow sufficient quantification of identified indicators such 
as “fragility in legal systems” of governances and “economic 
value of imports” from trade partners. As a next step, Empa 
will therefore investigate possibilities of complementing 
these databases with data from additionally identified data 
sources. Two options would be to consider the governance 
information of the Worldwide Governance Indicators pro-
vided in the World Bank and to complement trade data from 
the UN Comtrade database.

Tobias Welz (University of Berne) presented how the 
sustainability performance in public procurement can be 
monitored through life cycle thinking. He showed that in 
order to boost sustainable decision-making in public pro-
curement (UNEP 2017), it is crucial to identify the sustain-
ability challenges throughout all product categories and to 
monitor the sustainability performance of public agencies 
(Bolz et al. 2018).

Public agencies use the concept of Common Procure-
ment Vocabulary (CPV) (European Commission 2008) to 
comprise all kinds of goods and services to describe the 
subjects of contracts. It is therefore essential to incorporate 
sustainability issues to this given concept using qualitative 
and quantitative life cycle management methods (Jensen 
and Rehnert 2006). First, it is key to derive ecological and 
social hotspots using sustainable hotspot analysis (Faist 
Emmenegger and Schlierenzauer 2019) along the supply 
chain on sector level (qualitative approach). Second, these 
hotspots must be converted into quantitative approaches like 
the concept of the Most Economically Advantageous Tender 
(MEAT) (European Commission 2015) or life cycle costing 
(LCC) (Estevan et al. 2017), to be accounted for in public 
procurement activities. Both steps reveal to which extent 
sustainability criteria are included in public tenders. This 
allows monitoring of the penetration of sustainability and the 
applied level of sustainability over time in public agencies 
on federal, cantonal, and municipal level.

Applying the above mentioned approach for Swiss public 
procurement conditions, an in-depth-analysis on ICT hard-
ware procurement was performed (Welz and Stuermer 2020). 

The findings of this study offer the opportunity to report 
progress of national sustainable development through public 
procurement, using the MONET framework (Altwegg et al. 
2004). As governments spent 12% global GDP to purchase 
goods and services from the private sector (World Bank 
2020), and in Europe even more than 14% GDP (European 
Commission 2016), comprehensive sustainable decision-
making in public procurement can leapfrog to the urgently 
needed contributions towards local, regional, national, and 
international sustainability goals (United Nations Economic 
and Social Council 2019).

Marleen Jattke (ZHAW) showed how business models 
can extend the lifetime of mobile internet-enabled devices 
and therefore contribute to more sustainable consumption 
(Jobin et al. 2020; Jattke et al. 2020). As discussed dur-
ing the 73rd Discussion Forum on Life Cycle Assessment 
on global digital transformation, an increasing number of 
mobile Internet-enabled devices (MIEDs), whose production 
requires large amount of resources, energy, and causes emis-
sions during production, are being sold (Itten et al. 2020). 
Extending the lifetime of MIEDs can significantly reduce 
their ecological footprint. Therefore, the target of the “Life-
Saving” research project is to develop innovative business 
models to stimulate the lifetime extension of mobile devices. 
Recent LCA studies show that the production of integrated 
circuits (ICs) accounts for the majority of GHG emissions 
during the production phase. However, there is only little 
information available on MIED specific components such as 
logic or memory type integrated circuits. In order to quantify 
environmental impacts of lifetime extension of MIEDs, new 
approaches for life cycle inventory modelling (e.g. modular 
modelling) are being developed within the “LifeSaving” 
project.

Lifetime extending measures are subject to rebound 
effects, which occur if the number of devices being produced 
does not fall as expected or consumption in other sectors 
increases. Such effects depend on consumer behaviour and 
the rationalities of economic actors involved. Thus, environ-
mental, behavioural, and economic aspects have to be taken 
into account in order to develop lifetime extending business 
models that entail environmental benefits while being both 
economically viable and appealing to consumers.

4  Food production and consumption

Due to its high sustainability impact, food production and 
consumption is an area that received particular interest in 
the research on the sustainability transformation of the econ-
omy. The sustainable development goals SDG 2 zero hunger, 
SDG 3 good health and well-being, SDG 6 clean water, SDG 
13 climate action, SDG 14 life below water, and SDG 15 life 
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on land are directly affected by global food production and 
consumption (United Nations 2015).

Dario Pedolin (Agroscope) applied data envelopment analy-
sis in order to aggregate life cycle impacts for eco-efficiency 
assessment. With the aim of guiding economic development 
into a sustainable future, methodologies that integrate economic 
and environmental aspects are needed. The eco-efficiency 
framework (Huppes and Ishikawa 2005) allows for the joint 
assessment of measures of economic performance and envi-
ronmental impacts. One difficulty when using eco-efficiencies 
is the need to aggregate multiple environmental impacts (and 
multiple outputs), each with its own units and order of magni-
tude. Data Envelopment Analysis as suggested by Kuosmanen 
& Kortelainen (2005) can be used to aggregate these different 
environmental impact categories, without having to specify a 
set of weightings. Instead, the available data on comparable 
actors is used to estimate a best practice frontier from which the 
individual eco-efficiency scores can be calculated. The com-
bination of LCA and DEA allows decision-makers to jointly 
consider economic and environmental issues and can reveal 
opportunities for improvements and risk (cost of avoided envi-
ronmental burden). Finally, the LCA and DEA tool chain can be 
used to combine economic, environmental, and social aspects 
for efficiency assessments (Vásquez-Ibarra et al. 2020).

Ashley Green (Agroscope, ETH Zurich) held a talk on the 
transformation of the food sector by integrating nutrition into 
LCA (Green et al. 2020). Nutritional Life Cycle Assessment 
(n-LCA) is a nascent but needed method to quantitatively 
assess the sustainability of our food sector. N-LCA seeks to 
account for the multi-functionality of food, and it incorporates 
measures of health, nutritional adequacy, diversity, and qual-
ity into environmental LCA. By doing this, it jointly accounts 
for the nutritional, health, and environmental sustainability 
dimensions of agri-food production systems and sustainable 
diets. Identifying best practices in n-LCA (e.g., normalization, 
points of differentiations amongst nutrition metrics), there-
fore, will allow actors in the production and consumption sec-
tors to identify trade-offs and synergies amongst sustainabil-
ity dimensions and to translate these findings into alleviating 
global sustainability challenges such as climate change, bio-
diversity loss, micronutrient deficiencies, and dietary disease.

5  Sustainable cities

More than half the world’s population lives in cities, which 
is why cities play a decisive role in sustainability transforma-
tion. With SDG 11 in the United Nations 2030 Agenda, sus-
tainable cities and communities are a prominent goal (United 
Nations 2015). The session on sustainable cities focused on 
the regional building material industry, sustainable housing, 
and a sustainable healthcare sector.

Ronny Meglin (University of Applied Sciences of East-
ern Switzerland) presented the environmental and economic 
assessment of a regional building material industry by com-
bining material-flow-analysis, input–output-analysis, and life 
cycle assessment. In the building material industry, sustain-
ability concerns are dominated by the role of raw materi-
als, especially in the production of cement and concrete. As 
locally sourced materials can have significant environmental 
impacts, the industry deals with conflicting goals between 
economy and environment. Driven by this challenge, pub-
lic pressure, and stricter regulations, companies are starting 
to extend their business models with additional services to 
start a transition towards a sustainable construction industry 
(Meglin et al. 2019). To quantify these processes and their 
ecological impacts, an integrated assessment model needs 
to be developed.

Meglin presented an assessment model for environmental 
and economic impacts in form of environmentally and mon-
etary extended input–output-tables (IOT) based on mate-
rial flow analysis (MFA) and life cycle assessment (LCA). 
This assessment will create the possibility to indicate the 
impacts of changing material flows or innovations on the 
life cycle most relevant for generating value added, causing 
emissions and consuming natural resources on a regional 
level. The results highlight the impact of a specific business 
model and show how this affects environmental and eco-
nomic performance of a regional building materials industry. 
On this basis, policy recommendations can then be derived 
which promote the development of a circular economy in the 
building materials industry in a regional context.

Rhythima Shinde (ETH Zurich) demonstrated her 
research on sustainable housing and life cycle tools that 
support understanding residents’ consumption and their 
rebounds. Environmental policies that lead to a reduction 
in the price of a product or service, e.g. rents, may result in 
increased consumption of the housing-related products or 
consumers may buy other products, e.g. more flights, lead-
ing to a substantially different magnitude of environmen-
tal impacts than initially expected. Shinde’s study aims to 
calculate this difference, using a random forest method, by 
investigating rebound impacts of housing-related policies 
that are caused due to the savings of households due to the 
price (e.g. rent) changes, in Switzerland. These effects vary 
by income group and household size (e.g., higher income 
groups have higher travel rebounds and associated increase 
in emissions).

It can be seen from the results that sustainable measures 
taken by building owners or cooperatives might have worse-
off effects, if the induce saving of rent (e.g. energy savings, 
smaller houses). This explorative data mining study allows 
incorporating effects of all the household properties (and con-
sumption behaviours), and thus help overlap the economic 
aspect of the consumptions, consequence of an affordable 
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housing policy and its final environmental impact. In addi-
tion, this study allows the consideration of effects of any con-
sumption industry on another, allowing assessing the risks 
and opportunities of savings-induced rebounds (spill overs).

Karen Muir (ZHAW) presented how green best-practice 
can be developed for hospitals using an LCA approach. The 
“Green Hospital” project is a multidisciplinary project of 
LCA Research Group at the Zurich University of Applied 
Sciences together with partners from the Fraunhofer IML and 
the Institute for Economic Studies in Basel. They are analys-
ing hospitals from environmental, economic, and logistical 
perspectives. The environmental hotspots of Swiss hospi-
tals were determined to be catering, building infrastructure, 
housekeeping supplies, and energy provision (Keller et al. 
2021). The high variability in impact per full time equivalent 
implies a large potential for environmental optimisation.

Decision-makers can use life cycle–based approaches to 
boost sustainable decisions by setting priorities based on 
concrete hotspots and using LCA-benchmarking to deter-
mine areas of potential improvement. The life cycle–based 
approaches best suited to reveal opportunities and risks for 
sustainability are multi-stage analyses, combinations of bot-
tom-up analyses with extrapolation, LCA case studies, and 
key parameter models. In order to combine environmental, 
economic, and societal aims, instruments from different dis-
ciplines should be used in order to show the economic and 
social benefits of environmental optimisation.

6  Discussions and conclusions

At the 74th Discussion Forum on Life Cycle Assessment 
(LCA), twelve researchers shared their experiences on 
how decision-makers can use life cycle–based approaches 
to boost sustainable decisions, which life cycle–based 
approaches are best suited to reveal opportunities and risks 
for sustainability within different economic sectors, and 
which instruments are most useful for combining environ-
mental, economic and societal aims.

In an interactive session, the 60 participants from 
academia, consultancy, industry, and public authori-
ties exchanged their experiences on how life cycle–based 
approaches can support the transition towards a sustainable 
economy. The results show that complexity, data availability, 
lack of priority, and cost were identified as major obstacles 
for mainstreaming life cycle thinking in the economy (see 
Fig. 1). In order to support life cycle thinking by various 
stakeholders in the economy, life cycle–based decision sup-
port needs to be transparent and easily understandable. Sim-
plifying tools and approaches to model complex systems, 
as well as providing a wide range of data sources have the 
potential to overcome obstacles for mainstreaming life cycle 
thinking in our economy. Decision makers in economy need 
to be made aware that they can make an important contri-
bution to more life cycle thinking by setting priorities and 
making resources and data available.

Major obstacles for 
mainstreaming life cycle 
thinking in our economy

Lack of appropriate data

Data availability (10)

Trust in the data (1)

Data harmonization (1)

Uncertainty (3)

Data requirement (1)

Lack of priority

Lack of resources 

High complexity 

Lack of 
communication 

31%

31%

Lack of simplified tool (2)

Modelling difficulties (1)

Lack of right examples (1)

Complexity (12)

16%

16%

6%

Communication of LCA 
studies and result (2)

Transparency (1)

Costs (4)

Missing knowledge (2)

Time restrictions (1)

More resources needed (1)

Priorities/Different 
interests (4)

Fast pace (1)

Lacking incentives (2)

Short-term thinking (1)

Fig. 1  Participants’ perspective on major obstacles for mainstreaming life cycle thinking in the economy (the number of mentions is indicated in 
parentheses; a total of 51 responses were submitted by participants)
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As Bastien Girod emphasized in his keynote speech, 
 embodied emissions and LCA are becoming increasingly rel-
evant, and products will increasingly include information about 
their footprint. It is expected that policies will take embodied 
emissions and LCA more and more into account. Brand-specific 
LCA can be an incentive for change within supply chains.

Analysis of sustainability hotspots was considered to 
be particularly helpful to support decision-makers in mak-
ing more sustainable decisions (see Fig. 2). For example, 
sustainability hotspots based on LCA were used for the 
identification of best practises in the context of the “Green 
Hospital” project presented by Karen Muir. Additionally, 
Tobias Welz presented how a hotspot analysis can be used 
to derive environmental and social hotspots along the supply 
chain at sector level and then translate them into quantita-
tive approaches for monitoring sustainability performance 
in public procurement.

In addition to analysing sustainability hotspots, eco-
design and circular economy were perceived as most use-
ful in helping decision makers to choose more sustainable 
options. For example, new practical indicators developed 
within the NRP73, such as the retained environmental 

value (REV) presented by Haupt and Hellweg (2019) or the 
resource pressure indicator presented by Desing et al. (2020, 
2021) can support decision makers during the design phase 
to reach environmental sustainability in a circular economy. 
Furthermore, life cycle–based approaches related to commu-
nication, benchmarking, and simplification were considered 
by the participants as key for decision-making that supports 
the Sustainable Development Goals of the 2030 Agenda.

With regard to the question which instruments the partici-
pants have used to combine environmental, economic, and 
societal sustainability aspects, they responded diversely with 
a broad range from monetization or system models, over 
combined labelling, or transparent reporting up to economy 
for the common good, or life cycle sustainability assessment 
(LCSA). The range of different answers to this question 
revealed that there is not yet a consensus on how to integrate 
environmental, economic, and societal sustainability among 
the LCA community that reflects practical experience.

One approach to integrate different sustainability dimen-
sions applied within the NRP73 is the combination of the 
eco-efficiency framework with data envelopment analysis 
as presented by Dario Pedolin in the session dedicated to 

LC-based  approaches  
most helpful to support 

decision-makers

Tools with 
economic view

Soft Factors
Tools for 

simplification 
of LCA

28%25%

24%

Communication (7)

Transparency (3)

Discussion (3)

Acceptance (1)

Ecodesign/Circular 
economy (11)

Multi criteria decision analysis (1)

Benchmarking (5)

External cost (2)

Supply chain analysis (1)

Hotspot and contribution 
analysis (10)

Trust (1)

Responsibility (1)

More awareness (1)

Better understanding (1)

Monitoring (1)

CO2 Footprint (1)

LCSA/Social LCA (3)

Regionalized studies (1)

Simplified LCA (6)

Simplified model/Key 

parameters (2)

Simplified parameter (1)

Sensitivity and scenario 
analysis (4)

Uncertainty analysis (2)

Weighting/Single-score indicator (4)

Grouping/Condensing indicators/
Unified areas of protection (3)

Marketable indicators (1)

Working hours indicator (1)

LCA-Tools

Communication

Relationship

Strategy

Vision (1)

Forward looking (1)

Win-Win situations (1)

Economic 
indicators

Concepts

Analysis

Economic value (1)

Simplification

Simplifying 
Results

Additional LCA 
tools

Core LCA LCA/Quantification (5)

Science based targets initiative (1)

23%

5%

19%

1%

5%

17%
2% 11%

11%

6%

23%

Fig. 2  Participants’ view on which life cycle–based approached proved to most helpful to support decision-makers in making more sustainable 
decisions (the number of mentions is indicated in parentheses; a total of 88 responses were submitted by participants)
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food production and consumption. Ashley Green showed 
an approach how to integrate nutritional, health, and envi-
ronmental sustainability dimensions in the context of food. 
Marleen Jattke presented how to select economically viable 
business models which have environmental benefits and 
are socially accepted to incentivize more sustainable con-
sumption. To monitor sustainability performance in public 
procurement, Tobias Welz chose an approach to integrate 
environmental and social hotspots along supply chains.

Regarding life cycle–based approaches that best reveal 
risks and opportunities of products and services, the con-
ference participants reported hotspot analysis, sensitivity, 
and scenario analysis, as well as the critical discussion of 
the results.

The 74th Discussion Forum on Life Cycle Assessment 
(LCA) revealed the important role of life cycle assessment 
and other life cycle–based approaches in guiding and moni-
toring transformation towards a sustainable economy.
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