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AESA of long-lived systems

Common practice in building LCA/AESA:
* Average impacts per year over lifetime

« Often based on average current conditions
(with the occasional exception of energy)

Problematic because
« Continuous emissions throughout lifetime

» Consequences of changes in the environment,
technology and society over time
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Research questions

1. What time-related challenges have previously been identified for the different phases of
LCA and AESA?

2. What are the current approaches to AESA of long-lived systems and under what
circumstances are they not suitable?

3. How can the representation of time in AESA of long-lived systems be improved?
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Method

Review of: Results: Recommendations:

- O

Existing reviews of the

AESA methodology 52
Identification of
Meta reviews — challenges with time in
@ AESA (Q1)

Existing reviews of
prospective and
dynamic LCA’s

Identification of
potential changes to
the current approach to

_ AESA of long-lived

objects (Q3)
- w T

Overview of current
approaches to AESA of
long-lived objects (Q2)

Review ] Studies applying AESA
to long-lived systems
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From meta review:
Challenges: the LCA component

LCI

» Generally, more advanced on the time than other phases (through DLCA and pLCA)
» Uncertainties with prediction of future and estimating lifetimes

« Often either prospective foreground or background only

LCIA

» Less advanced compared to LCI

» Very few dynamic and/or prospective CFs exist

» Missing link btw inventory and CFs in prospective/dynamic assessments
» Often modelled by “silo approach”, not including dynamics/interactions
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From meta review:
Challenges: the boundary component

Choice of boundaries:

« Dynamic choices mainly available for climate change

* Dynamic boundaries: lack impact categories other than climate change
 Like CFs, tend to exclude ecosystem interactions

Sharing the boundaries:
« Common to use “status quo” approaches (ref year)
— Trying to assess sustainability with non-sustainable conditions
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== From review: Overview of current approaches to
> -
AESA of long-lived systems
- - - p T ———— ~ - —_—_—_—_—_—_—_————- il s Tmm—m—_——— ~
Source Case groups [ Lifetime/ assessment \ EFU / ,LCI LCIA Boundary Sharing S { Coverage of impact \
| period I I approach data \| | categories (amount) I
P , =T — — 3 T. R
I Andersen et al., 2022 single building [ 50 /50 | Service life of 50 | ho no no no I 5 | |
| I | Year I ! I
Andersen et al., 2020 single building 120-150 / 120-150 Annual housing partly no no no : I 8 I
l Brejnrod et al., 2017 single building I 50 and 120 / 50 and 120 . Service life of 50 I no no no no I 11 | |
| N D yeas. _ _ o ____ .:J _______ L
Chandrakumar et al., Built I 90/ 32 L Service life of 90 | partly no partly partly | 1 l
2020 environment | I years l I | l
Bullen et al., 2021 Built | 60/ 32 | NoFU | partly no partly partly l | 1 |
environment I I | | [ |
Baabou et al., 2022 Marterial flow | 52and 77 / 52and 77 | NoFU | ves yes ves no |I 1 |
Ohms et al., 2019 single building | 120 and 150 /120 and | Annual housing | partly no no no | I 1 |
| 120 I I T |
McLaren et al., 2020 Built I 90 /32 | Service life of 90 | partly no partly partly I 1 |
environment I | Years I | I I
Kara et al., 2023 Marterial flow -/ 30 : Mo FU I partly no ves no I I |
Olgvay and Herdt, Single building Mot clear I No FU | no no no no : (I | I
2004 |
Ayoub et al., 2020 Material flow I-/30 I No FU : partly no partly no : I 1 I
Schweitzer et al., 2023 Built | - / short term: 10, Long I NoFu I partly no ves partly I | 1 l
environment | term: 25 | | || |
Bendewald et al., 2013 Single building | 100 / 100 I NoFU I no no no no | | 1 |
Heide et al., 2023 Single building | 50 / 50 | Service life of 50 \ partly no yes no ! | 1 |
\ ) years \ . P / \ ]
N o e = = = = 4 T tam mmm mmm mmm mmm mmm o e e o - ~ e e e = =
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Future research directions and recommendations

Types of Time Horizon

|
| Assessment period/Temporal

| scope
50 years >

Use phase length:
Building lifetime / service life

75 years

Length of life cycle
(including stages before and after the use stage)

75+7? years

TH of CFs w ex of Global warming
impact (GWP100)

Emissions occurring at year 0

NS

100 years

|
Emissions occurring at year 25
T

)

100 years

Clausen et al. (2025)
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* More consistency in time horizons (both in terms

of terminology and methodology/application)

 Increasing use of future scenarios in all phases

(e.g., SSPs and RCPs)

CO2 emissions for SSP baselines Global mean temperature
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www.carbonbrief.org
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Inventory

» Consistently apply future scenarios through pLCA in AESA of long-lived products
* Include prospective aspects in both foreground and background

Impact assessment

» Development of more prospective CFs
— Changing response to emissions over time
— Interactions in ecosystem over time
« Differences in impact time span = different temporal resolutions may be needed
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Boundaries

* To a large extend, the same mechanisms are applicable as in LCIA
* Include prospective/dynamic boundaries
— Changes of response to emission
— Interactions in ecosystem over time
« Effects of exceedance
— E.g., climate change effect on water

Global population Global GDP

1,000

Sharing the boundaries -
* Include dynamic and/or prospective data ‘ ‘ﬂ N
from SSPs ) = o

0 T T T T T 0 T T T T T
2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

www.carbonbrief.org
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More in paper

- Dynamic FU
- Time horizon definition for all phases
- Applyir?g future - Better meta data for period of validity - Including inherent
scenarios (e.g., SSPs) 1 variations in the
for both foreground and ecosphere response to
packgrotnd system 1) Goal and scope definition emissions, and
where relevant. interactions in the
- Ifrelevant, apply A ecosystem.
temporal distributions of - How the other CCs are
emissions and impacts 4 affected if one in
- Alimit for inclusion of exceeded
dynamic elements 2) Life Cycle Inventory 4) Choice of boundaries - Should reflect future
- More realistic lifetimes. conditions based on
different scenarios
v X (e.g., SSPs)
- CF§ |r.10Iud.|ng inherent 3) Life Cycle Impact 5) Applying sharing
variations in the / SesmesTEr principle \
ecosphere. - Dynamic data from e.g.,
- Changes in response to 4 SSPs should be applied
emissions over time. v v as far as possible.
- Potentially different
temporal resolutions. 6) Interpretation

f

- Practical implementation through expansion of current LCA tools
- Comparison of AESA results at different time steps

Technical University of Denmark




NE

Thank you — Questions

Absolute environmental sustainability assessments of long-lived systems: A review
of challenges with the representation of time and future research directions.

Caroline Amalie Clausen, Michael Hauschild & Anders Bjgrn (2025).

Sustainable Production and Consumption, 58, 140-150.
https://doi.org/10.1016/j.spc.2025.06.006
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