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Life Cycle Assessment

Life-Cycle Assessment is a process to evaluate the environmental burdens associated with a product,
process, or activity by identifying and quantifying energy and materials used and wastes released to the
environment; to assess the impact of those energy and material uses and releases to the environment;
and to identify and evaluate opportunities to affect environmental improvements. The assessment
includes the entire life-cycle of the product, process, or activity, encompassing extracting and processing
raw materials; manufacturing; transportation and distribution; use, re-use, maintenance; recycling, and
final disposal (SETAC 1991).

Guidelines for Life-Cycle Assessment: A "Code of Practice" EDITION 1 From the SETAC Workshop held at
Sesimbra, Portugal 31 March - 3 April 1993;



Life Cycle Assessment
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Life Cycle Thinking
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Why to do an LCA?
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Recycling polymers
from WEEE




Recycling polymers from WEEE in EU
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An industrial case study: Low-voltage circuit breaker
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LCA of WEEP End-of-Life strategies

Functional Unit
1 ton di WEEP

*WEEP = WEE Plastics
TS thermo setting
TP thermoplastic

-




Present situation: scenario 1
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Energy Recovery: scenario 2
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Pyrolysis — Waste to fuel: scenario 3
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Pyrolysis — Waste to feedstock: scenario 4
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Mechanical recycling TP + energy recovery TS: scenario 5
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Mechanical recycling TP + pyrolysis TS: scenario 6
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Climate change — Scenario 1 (present situation)
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Climate change — Scenario 2
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Climate change — Scenario 3
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Climate change — Scenario 4

kg CO, eq/ ton WEEP

300

200

100

0

-100

-200

-300

-500

-600

-700

-437 kg CO,-eq
4

Transportation

M Ethyl benzene - Avoided product

WEEP
W Styrene - Avoided product
m Light fuel oil- Avoided product PIR
M Distillation of WEEP pyrolysis oil
Inorganic filler - Avoided product DIS

Glass fibre - Avoided product
W Pyrolysis of WEEP (incl. APs w/o oil)

Total

-



Climate change — Scenario 5
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Climate change — Scenario 6
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Climate change - Comparison
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Circularity assessment:
dynamic combination of
material efficiency and LCA




Methodological framework

= Global Warming Impact (GWI)
calculated using the dynamic LCA
procedure

= Material circularity addressed by
the in-use occupation ratio (UOR)
and its modified versions (dotted
lines)

Salvi A., Arosio V., Monzio Compagnoni
L., Cubina I., Scaccabarozzi G., Dotelli,
Considering the environmental impact
of circular strategies: A dynamic
combination of material efficiency and
LCA, J. Clean. Prod., 387, (2023)
10.1016/j.jclepro.2023.135850
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In-Use Occupation Ratio

The underlying idea of the UOR is that materials are performing their
function only during the use phase. Therefore, the longer materials
stay in this phase (along the whole cascading of product cycles), the
more useful for the society they are.

G. Moraga, S. Huysveld, S. de Meester, J. Dewulf, Development of
circularity indicators based on the in-use occupation of materials
J. Clean. Prod., 279 (2021), 10.1016/j.jclepro.2020.123889




Dynamic LCA

Dynamic LCA accounts for the timing of emissions in LCA using a
dynamic inventory, which properly allocates each emission through
time, and dynamic characterization factors. Dynamic characterization
factors (DCFs) integrate the radiative forcing for each GHG over a time
period included between the actual time of the emission and a
selected time horizon.

A. Levasseur, P. Lesage, M. Margni, L. Deschénes, R. Samson
Considering time in LCA: dynamic LCA and its application to global
warming impact assessments, Environ. Sci. Technol., 44 (2010), pp.
3169-3174, 10.1021/ES9030003




Material flow from first to second product
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In-Use Occupation ratio and Life Cycle Phases
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PV panels case study
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Global warming impact of the
nine scenarios expressed in kg
CO,-eq.

Relative GWI (kg CO,-eq)

400 -

— — N N W W
o (®) o ®)) o 9))
o (@ o o o o
] l ] ] ] ]

9))
o
|

o
|

348

347

Base

>

-

331

202 199 o4

314 312
207

Real
Energy Mix

Improved




Two-dimensional comparison
of the nine cases. The y-axes
plots (1-UOR) instead of UOR
to facilitate data visualization,
maintaining the “the lower
the better” hierarchy valid for
the emissions plotted on the
X-axis.
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