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LCA reality
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Two points to start the presentation

1. it was always the idea that LCA represents the 
real world, in a holistic, as objective as possible 
manner, avoiding burden shifting.

2. this reflects a key concept of empirical science, 
broadly used in engineering, sociology, 
psychology, natural science
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UNEP: Life Cycle Approaches: the road from analysis to practice
(2005, English, 89 pages)

UNEP 2005: we need science based approaches, such 
as LCA
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European Commission - Joint Research Centre - Institute for Environment and
Sustainability: International Reference Life Cycle Data System (ILCD) Handbook - General
guide for Life Cycle Assessment - Detailed guidance. First edition March 2010. EUR 24708
EN. Luxembourg. Publications Office of the European Union; 2010

ILCD handbook 2010: LCA is the scientific approach
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(key characteristics of science:

)

# Characteristic What it means Evidence

1️ ⃣
Empirical & 

evidence-based

Science builds knowledge from systematic 

observation, measurement and experiment.

“Scientific method … is an empirical method for acquiring 

knowledge through careful observation…”[67]

2️ ⃣
Systematic & logical

reasoning

The work follows a structured process –

observation → hypothesis → 

deduction/induction → testing – using both 

inductive and deductive reasoning.

“Among the activities often identified as characteristic of 

science are systematic observation and experimentation, 

inductive and deductive reasoning, and the formation and 

testing of hypotheses and theories.”[60]

3️ ⃣ Testability & falsifiability

A scientific claim must be stated so that it 

can be proved false by data; otherwise it is 

not scientific.

“A hypothesis … must be falsifiable, implying that it is 

possible to identify a possible outcome … that conflicts with 

predictions.”[67]

4️ ⃣
Reproducibility / 

replicability

Independent researchers should be able to 

repeat an experiment under the same 

conditions and obtain the same result. This 

safeguard is essential for the integrity of 

scientific knowledge.

“The consideration of reproducibility and replicability in 

science is intended to maintain and enhance the integrity of 

scientific knowledge.”[70]

5️ ⃣
Peer review & communal 

enterprise

Findings are examined by other experts 

before publication; science is a 

collaborative, self-correcting community.

“Each element of the scientific method is subject to peer 

review for possible mistakes.”[68] and “Science is a 

communal enterprise.”[70]

6 ⃣
Tentative / provisional 

nature

Scientific knowledge is never final; it is 

presented with degrees of confidence and is 

open to revision when new evidence 

appears.

“Science aims for refined degrees of confidence, rather than 

complete certainty.”[70]

7️ ⃣ Objectivity & skepticism
Researchers must strive to limit personal 

bias and continually question assumptions.

The method includes “rigorous skepticism … and 

experimental validation.”[7️1️]

8 ⃣
Universality (nature is not 

capricious)

Science assumes that natural laws operate 

consistently everywhere, so results obtained 

in one setting apply elsewhere.

“Nature is not capricious… the basic rules are everywhere the 

same; knowledge gained … is applicable to other parts.”[70]

https://en.wikipedia.org/wiki/Scientific_method
https://plato.stanford.edu/entries/scientific-method
https://en.wikipedia.org/wiki/Scientific_method
https://www.nap.edu/read/25303/chapter/5
https://www.nap.edu/read/25303/chapter/5
https://www.nap.edu/read/25303/chapter/5
https://www.nap.edu/read/25303/chapter/5
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However, this testing and empirical 
evidencing is not straightforward

1. LCA results overall cannot be 
validated in the real world (!)

A ship can be put on water, if it sinks, the 
build was not good; an LCA result cannot be 
put to a test in a similar way.

Ciroth, A., Becker, H.: Validation – The Missing Link in Life Cycle 
Assessment. 
Towards pragmatic LCAs., Editorial, in: The Int J of LCA 11 (5) p. 295 
– 297 (2006).
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However, this testing and empirical evidencing is not straightforward

2. Process details often remain unclear 
and are often not known 

Wang, H., Ciroth, A., Gerber, P., Mbowha, Ch., Mungcharoen, T., Sahnoune, A., Tahara, K., Tikana, L.: Development of Unit Process 
Datasets, chapter 2 in UNEP Shonan Guidance Principles, 2011, https://www.lifecycleinitiative.org/wp-
content/uploads/2012/12/2011%20-%20Global%20Guidance%20Principles.pdf
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However, this testing and empirical evidencing 
is not straightforward

2. Process details often remain unclear 
and are often not known 

- Some emissions needed for LCA are not measured on a site

- “Allocation factors” are not exactly known (link from 
procurement amounts to one specific product)

- Production process details are typically company secret 
and will not be shared easily

- …
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However, this is not straightforward

3. Life cycle impact assessment results are not 
real impacts but potential impacts

… and it is of course impossible to “see” the entire 
impacts of a product over its life cycle, unless the 
product is a very specific case (all impacts worldwide 
are caused by one product)

- (since beginning)
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LCA and reality, status

This “distance” of LCA from reality was recognized in the early 
development of LCA already, and is broadly accepted today.
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LCA and reality, status

This “distance” of LCA from reality was recognized in the early 
development of LCA already, and is broadly accepted today.

But the world has changed in the last 30 years: 

a) technical development has evidently happened

b) LCA has become much more important, and mainstream

→ This is an opportunity, and brings responsibility



13

→ So, what does LCA do with these increased possibilities and 
responsibilities?

• CBAM, etc.: LCA results become relevant, and are treated as 
facts

• Linking LCA with reality is difficult (see previous slides), 
& there are signs that LCA has somewhat developed into a 
world of its own 
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Signs that LCA has somewhat developed 
into a world of its own        
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Bill of material (BOM) calculations, ignoring impacts 
in the process itself 
(common in some EPDs, LCA databases)
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Bill of material (BOM) calculations, ignoring impacts 
in the process itself 
(common in some EPDs, LCA databases)
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in this specific case, 
BOM sees only ~ half 
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Uncertainty calculations based on data quality scores
(geometric standard deviation, as provided by the ecoinvent database)

Uncertainty factors used in the ecoinvent database 
(version 2 & 3)
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Uncertainty calculations based on data quality scores
(geometric standard deviation, as provided by the ecoinvent database)

Indicator score 1 2 3 4 5

Reliability 1 1.54* 1.61 1.69 (n.a.)**

Completeness 1 1.03 1.04 1.08 (n.a.)**

Temporal correlation 1 1.03 1.10 1.19 1.29

Geographical correlation 1 1.04 1.08 1.11 (n.a.)**

Further technological correlation 1 1.18 1.65 2.08 2.80

Ciroth, A., Muller, S., Weidema, B.  et al. (2016): 
Empirically based uncertainty factors for the 
pedigree matrix in ecoinvent .  Int J Life Cycle Assess 
21 , 1338–1348. https://doi.org/10.1007/s11367-013-
0670-5 

**interim ** > 5

Uncertainty factors used in the ecoinvent database 
(version 2 & 3)
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Uncertainty calculations based on data quality scores
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Empirically based uncertainty factors for the 
pedigree matrix in ecoinvent .  Int J Life Cycle Assess 
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0670-5 

**interim ** > 5

Uncertainty factors used in the ecoinvent database 
(version 2 & 3)

Difference is e.g. 

e1.1 vs e5
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Transport modeling

Transport effort depends on payload, to a very large extent 
(TREMOD Transport Emission Model, version 5.0.4)
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Transport modeling

Transport effort depends on payload, to a very large extent –
how high is it, in reality? 
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Transport modeling

Transport effort depends on payload, to a very large extent –
how high is it, in reality?

ecoinvent: heavy road transport payload, fix, cannot be changed. 
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Omission of infrastructure

It is quite common in LCA and LCA databases 
(e.g., from Sphera), 
to exclude “infrastructure” 
(=machinery etc.) 

But investment rate of companies

in Europe in 2024 (-> investment in
infrastructure): 20-28%

There will be connected 
environmental impact 
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Continuous use of old, slow technology because it 
was once decided

ILCD vs JSON 
data format
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So -

Point is not that LCA is not perfect (no method is perfect), but 
that existing disconnects to reality are not challenged. 

Rather: we do this because this is how you do it. 

This can lead to a self-referential, disconnected own world, 
which is not good.
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We need to avoid this  

LCA

realityStandards and 
rules

Conventions

Sole 
comparison to

previous results
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Make LCA better reflect the real world –
why exactly?
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So, why is it good if LCA models and results better 
reflect the real world?

1) a good representation of the real world is implicitly 
claimed already now for LCA results, e.g. when they are 
used in procurement, international trade, etc.; 
a better connection to reality makes LCA live up to this 
claim 

2) decisions supported by LCA are better if the LCA is based 
on reality (more fair, more objective)
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So, why is it good if LCA models and results better 
reflect the real world?

3) When used in procurement and international trade, there 
is an implicit “race to the bottom” (everybody is trying to 
be lower than the competitors). 
An accepted system where 25% (infrastructure) and then 
from the 75% again 50% (BOM) is excluded will be very 
attractive -> this is responsibility for those who set rules.

4) AI training is better with LCA models supported by real 
world data (!)
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How can LCA be more connected to reality?
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How can LCA be better connected 
to the real world?
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How can LCA be better connected 
to the real world?

This part
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How can LCA be better connected 
to the real world?

ISO 14040, fig. 2
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How can LCA be better connected 
to the real world?

LCIA: several good examples,
easier for climate change than for 
toxicity

Katrine Turgeon, Gabrielle Trottier, Christian Turpin, Cécile Bulle, Manuele Margni, 
Empirical characterization factors to be used in LCA and assessing the effects of
hydropower on fish richness,
Ecological Indicators, Volume 121, 2021, 107047, ISSN 1470-160X, 
https://doi.org/10.1016/j.ecolind.2020.107047.
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How can LCA be better connected 
to the real world?

LCI: Some developments (but not too 
well picked up): 
1, empirical investigation of yoghurt 
cup weights in Berlin; statistical 
sampling

Ciroth, A., Srocka, M. (2008): How to Obtain a Precise and Representative Estimate for 
Parameters in LCA: A case study for the functional unit, in: The Int J of LCA 13 LCA (3) p. 265 –
277 (2008).

  Berlin city
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How can LCA be better connected 
to the real world?

Empirical investigation of yoghurt cup 
weights in Berlin:
-> fully representative sampling (!);

->  yoghurt cup weight can be obtained 
easily

Ciroth, A., Srocka, M. (2008): How to Obtain a Precise and Representative Estimate for 
Parameters in LCA: A case study for the functional unit, in: The Int J of LCA 13 LCA (3) p. 265 –
277 (2008).
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How can LCA be better connected 
to the real world?

New data sources

E.g., climate trace
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How can LCA be better connected 
to the real world?

New data sources

E.g., climate trace
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How can LCA be better connected 
to the real world?

New data sources

E.g., climate trace
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How can LCA be better connected 
to the real world?

New data sources

E.g., HESTIA
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How can LCA be better connected to the real 
world?

Build a different database for LCA 

(see 
Data quality management in the MSDB database - what 
are good LCA datasets, 
session T6.3 - Validating LCA Datasets

)
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How can LCA be better connected to the real 
world?

Recognise patterns and structures better, and extend 
LCA with system dynamics to better get a system view

LCASystem dynamics
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How can LCA be better connected to the real 
world?

Keep LCA elements verifiable
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How can LCA be better connected to the real world?

Keep LCA elements verifiable

• System processes are not really verifiable; we need to 
believe the review

• LCIA results are even less verifiable, directly (but for EPDs, an 
elaborate verification process has been developed)

• Unit processes are easier verifiable, but an external 
verification is not often done in my view
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So, conclusions



LCA and reality

With increased possibilities, and increased importance of LCA 
results, it is time to challenge LCA and ourselves as LCA 
community

1) We need to be awake and prepared to question established things 
in LCA: method, technologies we use

2) It is time to become creative, to think again, to exchange, and to 
discuss

3) And let’s be constructive 
(“konstruktives Misstrauensvotum”) – propose something better, 
and demonstrate that it works.

→Welcome to the 3rd openLCA conference!
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LCA and reality

thank you! 

Dr. Andreas Ciroth
GreenDelta GmbH


