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Abstract
Purpose  Globally, there is an increased demand for education on life cycle assessment (LCA). In response, there has been 
an increase in course availability, but also a lack of clarity on the comprehensiveness of these offerings and the resulting 
student competencies.
Methods  A global survey was conducted to obtain empirical evidence on teaching LCA. The survey explored the availability 
of LCA courses globally and the depth of the teaching, including expected core competencies and related teaching and learn-
ing workloads. A purposive sampling strategy was adopted wherein eligible participants were approached by the researchers.
Results and discussion  According to the survey, annually, over 10,000 students participate in more than 200 LCA courses. 
The results reflected the interdisciplinary nature of LCA with courses being taught across different disciplines, including 
engineering, chemical sciences, and economics. Estimated workload demands for achieving different competency levels were 
significantly lower than those estimated by an expert panel before. This may be attributed in part to respondents not account-
ing for the full workload beyond classroom interactions. Nonetheless, workload demands increased with competency levels.
Conclusions and recommendations  The results emphasize the need for a common understanding of LCA teaching with 
regard to content, literacy levels, and competencies to avoid false expectations of the labor and research markets in terms 
of available expertise. Therefore, LCA curriculum development and program planning remain significant challenges and 
essential tasks for the global LCA community.

Keywords  LCA · Life cycle thinking · Learning objectives · Competency levels · LCA teaching

1  Introduction

In the rapidly growing global sustainability consulting 
market, which is projected to reach US$ 12 billion by 2028 
at a compound annual growth rate of 5.2% (QYResearch 
Group 2023), the demand for life cycle information is 
increasing at an overwhelming rate. Consumers want relia-
ble information to make informed sustainability decisions, 
while marketing campaigns are leveraging the environ-
mental benefits of their products as key selling points. As 
a result, companies are using LCA results to inform their 
purchasing decisions. Additionally, legislation is evolving 
to require more and more environmental information from 
companies and organizations. The renewed urgency to use 
Life Cycle Management to solve the triple planetary crisis 
of climate change, environmental pollution, and biodiver-
sity loss (UNEP 2020; Sonnemann and Margni 2015) is 
raising the demand for education on life cycle assessment 

Communicated by Matthias Finkbeiner.

 *	 Tobias Viere 
	 tobias.viere@hs-pforzheim.de

1	 Institute for Industrial Ecology (INEC), Pforzheim 
University, Pforzheim, Germany

2	 Institute IWAR, Material Flow Management and Resource 
Economy, Technical University of Darmstadt, Darmstadt, 
Germany

3	  School of Chemical and Metallurgical Engineering, 
University of the Witwatersrand, Johannesburg, South Africa

4	 Forum for Sustainability Through Life Cycle Innovation 
(FSLCI), Berlin, Germany

5	  Warsash Maritime School, Solent University, Southampton, 
UK

6	 Université de Bordeaux, CNRS, Bordeaux INP, ISM, 
Bordeaux , France

http://crossmark.crossref.org/dialog/?doi=10.1007/s11367-024-02319-5&domain=pdf
http://orcid.org/0000-0001-9030-2405


1291The International Journal of Life Cycle Assessment (2024) 29:1290–1302	

(LCA) and to have experts that can contribute to producing 
and managing this information.

In line with an international increase in demand for 
life cycle professionals, an increasing number of courses 
are offered on Life Cycle Assessment and Management 
(LCA/LCM). While this is a positive development, these 
courses often differ substantially in terms of comprehen-
siveness, duration, learning objectives, and content. Thus, 
a huge variation exists between students’ LCA literacy and 
experience, potentially resulting in a mismatch between 
employers’ expectations and students’ qualifications.

The purpose of the Education Working Group of the 
Forum for Sustainability through Life Cycle Innova-
tion (FSLCI) is the promotion of education on life cycle 
assessment. A previous paper of this group (Viere et al. 
2021) framed five LCA learning and competency levels 
that differed in terms of study program integration, work-
load, cognitive domain categories, learning outcomes, and 
envisioned professional skills. It furthermore provided 
insights into teaching approaches and content, including 
software use, related to these levels. In this way, that paper 
encouraged and supported higher educational bodies to 
implement a minimum of “life cycle literacy” into stu-
dent curriculums across various domains by increasing the 
availability, visibility, and quality of their teaching on life 
cycle thinking and LCA. The paper has been accessed over 
22,000 times since its release and has been reported to be 
one of the most downloaded of the International Journal 
of Life Cycle Assessment. This means that there is a huge 
interest in the topic. However, feedback received indicated 
that empirical evidence behind the paper is quite weak.

Therefore, as a follow-up to the paper, the idea was 
developed by the FSLCI Education Working Group to con-
duct a survey to broaden empirical evidence of teaching 
LCA in higher education. A questionnaire was created to 
firstly gather an overview on global LCA teaching and to 
secondly test the validity and applicability of the frame-
work for state-of-the-art teaching and learning in LCA 
developed by Viere et al. (2021). The survey aimed to 
gather responses from individuals delivering LCA teach-
ing and learning at higher education institutes.

This paper presents the findings of the empirical 
research, which includes more than 200 different LCA 
courses from all continents, and discusses lessons learned 
regarding the availability of LCA courses and the depth 
of knowledge being instructed at universities around the 
world. The methods followed for preparing the question-
naire carrying out the survey and evaluating its result are 
described in the next section. Thereafter, the results are 
presented and discussed, and we present the conclusions 
and recommendations of our paper. The questionnaire and 
two result tables are available as supplementary material.

2 � Methods

As there is no universal and undisputable method of identi-
fying academics delivering specific content, determining a 
definitive population from which to sample LCA teachers in 
higher education is impossible. This is compounded by the 
often fluid nature of academic disciplinary boundaries, for 
example, the traditional disciplinary “home” of LCA may be 
assumed to be applied science and engineering; however, the 
same content may be present in chemistry, design, and eco-
nomic disciplines. A purposive sampling strategy was there-
fore employed to approach eligible participants representing 
a broad base of individuals delivering LCA content in higher 
education. This sampling method (also known as judgmen-
tal, selective, or subjective) provides a non-probabilistic 
sampling method relying on the judgment of the researchers 
when choosing members of the population to participate in 
the survey (Palinkas et al. 2015). Participants were invited 
to participate in the study where they were known by the 
researchers to be active in the teaching of LCA at an institute 
of higher education or where they were known as researchers 
and/or practitioners in the subject (e.g., through publication), 
and self-declared they were also actively involved in LCA 
education activity in a higher education institute.

The survey questions were selected in accordance with 
the research objectives, i.e., to test the validity and appli-
cability of the framework for state-of-the-art teaching and 
learning in LCA. The questionnaire was composed of four 
parts (the complete survey is available as supplementary 
material):

1.	 Background questions

•	 Participant eligibility questions. Participants who 
did not meet the criteria of being responsible for or 
participated in the delivery of LCA-related teach-
ing and learning in a higher education establish-
ment were excluded from the survey.

•	 Contextual questions regarding individuals and 
their institutes, including location, institute size, 
teaching histories, and experiences.

2.	 Teaching audiences and challenges

•	 Questions on subject disciplines, number of stu-
dents attending, and course level

•	 Questions on the perceived challenges in teaching 
LCA

3.	 Teaching resources

•	 Most commonly used databases or software
•	 Textbooks and standards used

4.	 Structure and content of teaching and learning
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•	 Questions reflecting areas identified in the frame-
work including topics and subjects covered, modes 
of delivery, respective workloads, and key resources 
deployed.

Questions were presented as follows:

•	 “Yes” and “no” scale, with additional “I do not know” 
or “other” answers. Respondents could choose only one 
answer to each question.

•	 Select one or more from a given list, reflecting catego-
ries established in the framework.

•	 Numerical replies. Respondents were asked to provide 
quantitative answers concerning, e.g., number of stu-
dents or workload hours.

In addition, four questions were open-ended to enable 
participants to provide more details if necessary.

A pre-test was conducted in March–April of 2021, 
with participants drawn from the FSLCI webinar “Teach-
ing LCA in Higher Education,” where the framework was 
presented. Based on the analysis of data and feedback from 
participants, improvements in layout, language, and user-
friendly instruction were implemented.

A list of academics to be invited for the survey was 
composed based on existing contact lists of academic 
members and contacts of the Forum for Sustainability 
through Life Cycle Innovation (FSLCI). In addition, aca-
demics that participated in conferences such as the one 
hosted by the American Centre for Life Cycle Assessment 
(ACLCA) or the 10th International Conference on Life 
Cycle Management (LCM 2021) were identified and added 
to the list together with known personal contacts of the 
researchers. Contacts were included if they were respon-
sible for, or participated in, the delivery of LCA-related 
teaching and learning in a higher education establishment. 
The survey was also promoted at various LCA conferences 
such as the ones mentioned previously. Beyond these out-
reach strategies, the survey was further promoted through 
social media channels (LinkedIn/Twitter/Instagram) of the 
FSLCI as well as those of various national LCA networks 
and shared in dedicated LCA forums such as the LCA 
discussion list offered by PRé Sustainability.

The invitation to participate in the study contained a 
short description of the project and an invitation to com-
plete the survey online. A short version was used for social 
media postings, with a link leading to the full invitation 
and project description. The online survey was made 
available through SoSci (https://​www.​sosci​survey.​de), an 
online survey tool for safe data storage and reliable imple-
mentation. The survey was available from 02.09.2021 and 
closed on 31.12.2021 and complied with the General Data 
Protection Regulations (GDPR) 2008.

Based on the size of the various conferences, mailing 
lists, etc. where the questionnaire was disseminated, the 
authors estimate that the questionnaire reached at least a 
high four-digit number of addresses in the academic area 
of LCA. Four hundred twenty-seven questionnaires were 
returned, of which 216 were excluded due to incompleteness 
(vacant mandatory fields) and 6 due to failing plausibility 
checks concerning quantitative responses within the ques-
tionnaire. The remaining 205 datasets were split based on 
whether the respondents teach LCA themselves. Fifty-two 
of the datasets were provided by respondents who do not 
teach LCA but use LCA and/or have other lecturers at their 
institution teaching it. All remaining 153 datasets underwent 
a further plausibility check in which boxplots and minimum 
and maximum values were used to identify potential out-
liers. If datasets were considered plausible but individual 
data points were not, the specific data points were ignored 
during further data analysis. In one case, the whole dataset 
appeared to be implausible and was removed. The remain-
ing 152 respondents who teach LCA themselves provided 
information on 202 different LCA courses, for each of which 
a course-based dataset was compiled. 

Figure 1 depicts the data cleansing process from initial 
responses to final datasets.

3 � Results and discussion

3.1 � Respondents’ background

The survey covers all continents, although most respondents 
work in Europe and in Germany in particular (cp. Fig. 2). 
On one side this reflects the fact that Europe has tradition-
ally been a center of LCA research and academia, but on the 
other also indicates the non-representativeness of the survey 
in geographic terms. Compared to overall LCA research, for 
instance, Japan, the United States, and the People’s Republic 
of China are likely underrepresented. About 18% (27 out 
of 152) of all respondents preferred not to disclose their 
country. As there is no universal and undisputable method 
of identifying academics delivering specific content, deter-
mining a definitive population from which to sample LCA 
teachers in higher education is impossible in any case. Given 
the large number of distribution channels and high distribu-
tion efforts, we nevertheless assume that the study provides a 
good reflection of reality. A comparison of the geographical 
distribution of this survey with a recent study on the geo-
graphical distribution of LCA research (Moutik et al. 2023) 
supports this assumption. The visualization of co-authorship 
countries in LCA publications from 1992 to 2022 (Fig. 6 in 
Moutik et al. 2023) illustrates the traditional “dominance” of 
Western European countries, the Anglo-American language 
area, and Japan, as well as the recently increased importance 

https://www.soscisurvey.de
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Fig. 1   Data cleansing approach

Fig. 2   Global coverage of the survey, number of respondents per country (N = 152 respondents)
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of China in the field. Eastern European, African, Central and 
South American, and other Asian countries play a rather 
minor role in this evaluation of LCA research. Assuming 
that more research also means more teaching, the observa-
tions of Moutik et al. (2023) fit the geographical distribu-
tion of this survey. However, it should be noted that LCA 
teaching programs and LCA research publications are not 
necessarily related and the assumptions made above should 
be viewed with caution.

More than 90% of the respondents to the survey have 
LCA-related teaching experience of more than 2 years with 
about one-third teaching it for more than 10 years. Roughly 
half of the respondents are professors or senior researchers 
and lecturers, while less than 10% of all respondents teach 
LCA in addition to their work in industry and consulting 
(cp. Fig. 3).

3.2 � Teaching audiences and challenges

According to the survey results, LCA teaching is predomi-
nantly an engineering subject. Sixty-four percent (219 of 
350 answers) of all LCA courses’ subject areas are engineer-
ing-based with chemical, process, and energy engineering 
accounting for 14% alone (50 of 350), while only 5% (19 
of 350) relate to business and administrative studies (cp. 
Fig. 4).

These findings highlight the historic interlinkage of 
chemical and process engineering within LCA, and with 
organizations such as the Society of Environmental Toxicol-
ogy and Chemistry (SETAC), large chemical companies, and 
physical chemistry experts like Walter Klöpffer, the found-
ing editor of the International Journal of LCA, as early mov-
ers in that field. Overall, engineering dominates the subject 

Fig. 3   Teaching experience 
(left) and work status of LCA 
teaching respondents (right, 
N = 152)

Fig. 4   Subject areas LCA is 
taught within (a total number 
of 152 respondents mentioned 
350 subject areas, engineering 
subjects in darker color)
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areas LCA is taught within. According to the authors’ obser-
vations, engineering and environmental and natural sci-
ences are dominant disciplines at many LCA conferences 
and networks, so the result is not unexpected. In contrast, 
given the large number of business degree programs at all 
types of universities globally, their weak representation is 
surprising. This points to a possible need for further devel-
opment in the teaching of LCA to address future managers 
and decision-makers.

According to Table 1, each year about 11,500 students 
participate in LCA courses included in this survey; this 
equals an average course size of 57 students per course 
and year. Almost 50% of all students in LCA courses are at 
postgraduate or PhD level, while only 24% are undergradu-
ates. Another 27% studies LCA at courses which are open 
to all academic degrees (cp. Table 1). The average course 
size (median value) is 30 students for postgraduate and 
PhD levels, 40 students for undergraduate levels, and 53 for 
open formats. The average number of students per course is 
significantly higher when considering the mean instead of 
the median value. This can be explained by few very large 
courses with several hundred students while most courses 
are considerably smaller and closer to the median value.

The pre-test to this survey (see Section 2) was used to 
compile a list of challenges associated with teaching LCA to 
be included in the main survey. The interdisciplinary nature 
of LCA and its interdisciplinary audience (Fig. 4) appear 
to be essential challenges for LCA teaching. More than 
one-third of all respondents highlighted their challenges as 
“Teaching LCA to an audience with diverse backgrounds” 
(39%) and “Keeping students motivated despite the com-
plexity and challenges of LCA and balancing expectations” 
(35%). The citing of such challenges is unsurprising as the 
teaching of sustainability-related subjects was found to be a 
challenging endeavor by Anastasiadis et al. (2021). Further, 
other studies have found that students find learning in an 
interdisciplinary environment to be challenging (Spelt et al. 
2009; Self et al. 2019).

More specific to LCA, more than a fifth of all respond-
ents consider the following challenges to be important: 
“Explaining and using LCI databases” (27%), “Teach-
ing how to use and communicate LCA results” (24%), 

“Coaching and supervising students’ LCA applica-
tions” (24%), “Teaching the limitations of LCA” (23%), 
“Teaching how to integrate LCA with other methods and 
approaches” (20%), and “Having to come up with different 
application case studies each semester” (20%). Many of 
these challenges point to the need for greater guidance in 
teaching LCA and communicating the nuances.

3.3 � Teaching resources

Teaching LCA makes use of textbooks, online resources, 
standards and guidelines, software, databases, and other 
material. The survey reveals which types of teaching 
resources are used most frequently and could therefore 
provide some orientation for academics that are starting 
their own LCA courses and teachings.

Almost two-thirds of all respondents make use of the 
core ISO standards on LCA, ISO 14040 (ISO 2006b) and 
14044 (ISO 2006c). This underlines the constitutional 
character of these standards. The textbook by Hauschild 
et al. (2018) is used by 28% of the respondents followed 
by textbooks by Klöpffer and Grahl (2016, 18%), Jolliet 
et al. (2015, 16%), and the classic “Hitch Hiker’s Guide 
to LCA” (Baumann and Tillman 2004, 15%). About 20% 
of the respondents make use of UNEP’s online teaching 
resources followed by 19% integrating the online textbook 
by Matthews et al. (2020) (Fig. 5).

Almost 75% of all respondents make use of the ecoin-
vent database, followed by the ELCD database (which has 
not continued since 2018) with 21% and the GaBi data-
bases (18%). Most frequently used software solutions are 
MS Excel, SimaPro (both 40%), and OpenLCA (34%). 
Lower numbers of respondents use GaBi (16%), Umberto 
(7%), Brightway (5%), and Easetech (3%) (Fig. 6). Asked 
for their rationales for using particular software and data-
base solutions, 80% of the respondents named function-
ality as a key criterion, followed by accessibility (68%), 
cost (66%), availability (66%), an already available license 
(63%), familiarity (60%), performance (51%), and other 
criteria (21%).

Table 1   Distribution of 
academic levels, number of 
courses, and attending students 
within the survey (N = 202 
courses; 2 courses excluded for 
implausibility reasons)

Academic level Number of 
courses

Students per 
year (sum)

Students per 
year (mean)

Students per 
year (median)

% of 
total 
students

Undergraduate 45 2739 62 40 24%
Postgraduate 113 5247 47 30 46%
PhD 10 426 43 30 4%
Open to all levels 34 3096 91 53 27%
Total 202 11,508 57 30 100%
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3.4 � LCA competency levels and teaching workloads

Viere et al. (2021) distinguished five LCA competency lev-
els. The learning outcomes at each level are described as 
follows (p. 519):

•	 LCA competency level 1: “comprehension of the basic 
concept of life cycle thinking, its relevance and use in 
different contexts; awareness of standardized methodolo-
gies”

•	 LCA competency level 2: “comprehension of LCA meth-
odology and essentials of LCA studies; application of 
specific methodological steps of LCA”

•	 LCA competency level 3: “design and partial perfor-
mance of a full-fledged LCA study, incl. analyzing and 
evaluating the validity of specific steps, the quality and 
reliability”

•	 LCA competency level 4: “full performance of LCA 
studies with possibility to apply and implement specific 
method development”

Fig. 5   Teaching resources, grouped into textbooks (dark coloration), online material (medium coloration), and standards/guidelines (light col-
oration) (N = 152 respondents, multiple answers possible)
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•	 LCA competency level 5: “advancement of LCA methods 
and development of LCA method extensions on specific 
aspects of the LCA methodology (inventory, impact 
assessment, etc.)”

Although the survey overall confirms this LCA learn-
ing and competency framework developed by Viere et al. 
(2021), the respondents associate different workloads to 
the competency levels. According to the expert panel 
judgment, competency level 1 demands 30  h of work 
while level 2 already reaches 176 h (cp. Table 6 in Viere 
et al. 2021). Consequently, different competency levels 
require different levels of LCA integration into the respec-
tive degree programs. According to this survey, the vast 
majority of LCA courses (75%) are either single lectures 
or short lecture series as part of a wider unit or module 
or standalone modules (Fig. 7). LCA courses offered as a 
minor, major, or research specialization are a less frequent 
integration approach within the different degree programs 
(23.2%). For single lectures or short lecture series, one can 
assume a workload falling into competency levels 1 and 2.

This assumption can be compared to respondents’ 
answers on the intended LCA competency level at the end 
of their course. Figure 8 depicts the intended LCA compe-
tency level against the respective study program degree and 
against the integration within the study program (i.e., stan-
dalone module, minor specialization). About three-fourths 
of all undergraduate LCA courses intend level one or two, 
while at postgraduate courses level two and three are most 
frequent. At PhD level, the more research-oriented level 
five and level three dominate. Courses which are open to all 
academic degrees feature a roughly similar distribution of 
competency levels as postgraduate courses.

Overall, the survey results confirm the previous assump-
tion that single modules and single lectures are aimed at 
competence levels 1 and 2, i.e., they primarily want to cre-
ate awareness for LCA, but do not assume that the students 
will already be able to carry out LCA studies independently 
or analyze them comprehensively at the end. At the same 
time, the relatively high number of responses is surprising, 
suggesting that levels 3 or even 4 can be achieved even with 
single lectures or standalone modules given that these com-
petencies comprise the design and partial performance of 

Fig. 6   Software and databases 
used in LCA teaching (N = 152; 
multiple answers possible; 
software in dark coloration, 
databases in light coloration)

Fig. 7   Type of LCA course integration into study program (multiple answers possible)
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a full-fledged LCA study and the full performance of LCA 
studies, respectively. One interpretation of these results is 
the assumption that LCA teachers themselves are not always 
aware of the complexity of conducting a comprehensive 
LCA study and therefore partially overestimate the compe-
tencies of their students and possibly also their own.

Figure 9 illustrates the discrepancy in the perception of 
the expert panels from Viere et al. (2021) on the one hand 
and the survey respondents on the other with regard to the 

workload to achieve the different competence levels. Overall, 
the experts assume almost double (level 1) to almost seven 
times (level 4) the workload.

What the estimates from Viere et  al. (2021) and the 
answers from LCA teachers have in common is a clear 
increase in the necessary workload from competency level 
to competency level.

One possible source of error in the survey is the interpre-
tation of the time data for the workload. It was pointed out 

Fig. 8   Intended LCA competency levels depending on academic degree level and program integration level (N = 196)

Fig. 9   Workload in hours per 
competency level (expert panel 
judgment as stated in Viere 
et al. (2021); survey N = 202; no 
workload provided for level 5 
by expert panel)
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that the total workload was asked for, but some comments to 
the survey suggest that individual respondents indicated the 
time in the course room and not the total workload. Accord-
ingly, one could interpret the respondents’ results and the 
expert panel results as lower and upper limit of the workload 
range for the respective competency levels.

Table 2 differentiates the workload further according to 
individual subject areas of LCA teaching and illustrates 

the consistently higher workload estimates of the expert 
panels in comparison to the survey. Overall, the highest 
differences were observed for competency levels three and 
four.

Table 2   Workloads in hours—survey results compared to expert 
panel judgment as stated in Viere et  al. (2021) (teaching content 
details as explained in survey and expert panel): (1) includes basic 
understanding of environmental impacts and wider context of LCA, 
e.g., SDGs, resource efficiency, circular economy, environmental 
management, eco-design, life cycle thinking (holistic understand-
ing of value chains/product systems), purposes and use cases of 
LCA, trade-offs or burden shifting across life cycles and impacts; 
(2) includes ISO 14040/44 framework (life cycle phases and process 
according to ISO), LCA terminology (functional unit, system bound-
aries, etc.), and goal and scope—definition; (3) includes life cycle 
inventory (LCI) modeling (fore- and background) and data and mul-
tifunctional systems (system expansion, etc.); (4) includes life cycle 
impact assessment (LCIA), environmental impact assessment meth-
ods in particular; (6) includes decision context of LCA (attributional, 

consequential, etc.), mathematical foundation of LCA, integration of 
LCA with theories (e.g., micro-economics, behavioral science), and 
system-analytical tools (material flow analysis, etc.); (7) includes car-
bon footprints, water footprints, product and organizational environ-
mental footprints, life cycle sustainability assessments, and further 
special types of LCA; (8) includes use of LCA results for innovation 
and communication; (9) includes interpretation and reproduction 
of a given case study and review/meta-analysis of LCA cases; (10) 
includes data collection and preparation, and own conduct of a case 
study; (11) includes the use and application of spreadsheets (e.g., 
Excel) and basic LCA software exercises; (12) includes the use and 
application of more comprehensive LCA software solutions, some-
times incl. scripting/programming and advanced process modeling; 
(13) includes exercises in and comparison of LCI databases and/or 
LCIA methods

LCA teaching content Workload according to LCA competency level

1 2 3 4 5

(1) Life cycle thinking and LCA context Survey 1,5 4 3 4 10
Expert panel 14 30 40 40 n.a

(2) LCA terminology and standards Survey 1 2 3 3 10
Expert panel 8 18 24 24 n.a

(2) LCI modeling and data Survey 1 4 6 8 15
Expert panel n.a 18 30 40 n.a

(4) LCIA Survey 1 4 4 3 10
Expert panel n.a 8 16 32 n.a

(5) Interpretation incl. sensitivity and uncertainty Survey 1 2 4 5 15
Expert panel n.a 8 30 44 n.a

(6) Advanced LCA methodology Survey 0.5 1 2.5 2.5 8.5
Expert panel n.a 4 28 52 n.a

(7) Special types of LCA Survey 1 2 1 2 10
Expert Panel n.a 8 16 36 n.a

(8) Life Cycle Management Survey 1 1 2 3 5
Expert panel n.a 16 26 52 n.a

(9) Case study/project work—interpreting given cases Survey 2 3 3 3 5
Expert panel 4 24 n.a 40 n.a

(10) Case study/project work—conducting own case studies Survey 4,5 12 18 35 10
Expert panel n.a 30 200 220 n.a

(11) Software use—Excel and simplified approaches Survey 2 2 2 2.5 0
Expert panel 4 n.a n.a n.a n.a

(12) Software use—comprehensive LCA software package Survey 0.5 6 10 32 10
Expert panel n.a 12 40 120 n.a

(13) Software use—LCI databases Survey 0.8 3.5 4 5 10
Expert panel n.a n.a 10 20 n.a

Total workload in h [survey] 17.8 46.5 62.5 108 118.5
Total workload in h [expert panel] 30 176 460 720 n.a
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4 � Conclusions and perspectives

A survey was carried out to understand the global state of 
the art of teaching LCA in the world. The survey investi-
gated the offer of LCA courses and the type of the teach-
ing provided, including the expected core competencies 
and related workloads. At minimum, LCA teaching now 
reaches over 10,000 students annually in more than 200 
courses across a huge variety of subjects and disciplines 
and at all levels of higher education from bachelor to PhD. 
The outcomes of our survey, featuring its notable emphasis 
from the European contexts, yield an insightful overview 
about the global LCA teaching condition. Often LCA is 
only integrated to a small extent into existing programs 
and courses and is offered much less frequently as a spe-
cialization or major. The interdisciplinary nature of LCA 
was highlighted by the survey with reported disciplines 
including engineering, chemical sciences, economics, 
and social sciences. While this increases the accessibility 
of LCA, it also presents a challenge to those teaching it, 
particularly given that LCA courses are frequently part 
of higher education curricula, attended by students with 
foundational knowledges and pre-established viewpoints 
in certain fields. Additionally, the choice of teaching aids, 
including reference books, software, and databases, has 
exhibited a notable variation. Thus, expertise is not only 
required in LCA but in teaching in interdisciplinary spaces 
which not all educators may have.

The survey confirms the LCA learning and compe-
tency framework developed by Viere et al. (2021). How-
ever, regarding the conceptual expectations of teaching 
and learning efforts required to achieve different com-
petency levels, significant differences were observed 
between reported workloads and those estimated by 
experts. Despite the majority of the respondents having 
over 5 years of teaching experience, this disparity afore-
mentioned indicates the need for a more common under-
standing of the requirements of each competency level 
including the teaching and learning expectations.

The study underlines the need for a common under-
standing of LCA teaching contents and graduates’ LCA 
competencies and literacy levels, among other things, to 
avoid false expectations of the labor and research market 
on the one hand and of graduates on the other. This points 
to the need for greater guidance for teaching LCA and 
evaluating the competencies of students, for improved har-
monization of expectation, and potentially to future exter-
nal certification of LCA programs and graduates to ensure 
consistency of outcomes.

That means that LCA teaching now reaches many 
students in different subjects and disciplines around the 
world. However, we also observe certain blank areas, 

partly also due to the non-representativeness of our sur-
vey in certain countries. There is a clear need for outreach 
through organizations like FSLCI, the World Resource 
Forum, and the UNEP hosted Life Cycle Initiative that 
has started activities in Africa and the Middle East.

The fact that we have different disciplines in which to 
develop LCA teaching due to the interdisciplinary char-
acter of LCA is a major challenge. The FSLCI Working 
Group on Higher Education in LCA aims to continue to 
work on addressing this challenge with a stronger focus 
on curricula development considering the interdisciplinar-
ity of LCA and aiming at an increased collaboration also 
with business schools. Developing an open curriculum for 
universities to base their courses on could also support a 
harmonization of the way LCA is being taught around the 
world and allow for an easier categorization of expected 
learning outcomes and competencies, in line with our 
framework. Such alignment could in turn benefit students 
as well as prospective employers, as they would be able 
to better understand which universities and courses equip 
their students with which level of LCA literacy.

As a further step, a potential certification scheme for 
LCA professionals could be envisioned which would allow 
students to showcase and prove their acquired knowledge 
and skills vis-à-vis their prospective employers. This in 
turn would help employers to easier identify suitable can-
didates to address the current demand for well-equipped 
LCA professionals. This demand will only continue to rise 
as in Europe, for example, the Green New Deal is further 
driving the need for LCA professionals through legislative 
efforts such as the new Ecodesign for Sustainable Products 
Regulation (ESPR) or the Corporate Sustainability Report-
ing Directive (CSRD).

In conclusion, our paper demonstrates that LCA-related 
curriculum development and program planning remain sig-
nificant challenges but also essential tasks for the global 
LCA community in order to mainstream LCA teaching in 
higher education around the world. To ensure common 
understanding and provision of the appropriate skills in 
the workforce, systematic and harmonized curriculum 
development and implementation tailor-made for differ-
ent specialties potentially with the development of recog-
nized associated professional certification by governmen-
tal agencies are needed to respond to this growing demand.
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