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2. Are there differences between fossil and biogenic carbon flows?
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The principles of the Life Cycle Assessment (LCA)
framework
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The principles of the LCA framework
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Fossil and biogenic materials: the role of the carbon

cycle
@) @)

=

()

V /(&=
N\\\—

© LUONNONVARAKESKUS 28.6.2023 6



Losses of carbon stocks: Land Use and Land Use
Change (LULUC) emissions
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More efficient carbon uptake: soil and biomass
carbon sinks

Leinonen 2022. The International Journal of Life Cycle Assessment 27, 1038-1043
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GHG emissions of fossil and biobased production chains




Carbon neutrality of biobased material
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How to model the carbon flows in LCA?
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Need for clarifying the framework
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General principles of carbon balance modelling in LCA (1)

Completeness: "All GHG emissions and removals that provide a significant
contribution to the CFP [carbon footprint] or partial CFP of the product system
under study are included". Greenhouse gases. Carbon footprint of products.
Requirements and guidelines for quantification (ISO 14067:2018), section 5.7

Avoidance of double-counting: "Double-counting of GHG emissions and
removals within the studied product system is avoided when the allocation of the
same GHG emissions and removals occurs only once” Greenhouse gases. Carbon
footprint of products. Requirements and guidelines for quantification (ISO
14067:2018), section 5.12
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General principles of carbon balance modelling in LCA (2)

“Biogenic GHG emissions and removals due to land use and dLUC, whether occurring as a pulse or a
gradual change, are divided amongst the products produced over a specified period”. Greenhouse
gases. Carbon footprint of products. Requirements and guidelines for quantification (ISO 14067:2018),
section E.2.1

“The GHG emissions and removals occurring as a result of direct land use change (dLUC) within the
last decades shall be assessed in accordance with internationally recognized methods, such as the
IPCC Guidelines for National Greenhouse Gas Inventories and included in the CFP". Greenhouse
gases. Carbon footprint of products. Requirements and guidelines for quantification (ISO 14067:2018),
section 6.4.9.5

"When changes in management of land cause changes in soil and biomass carbon stocks, compared
with the reference land use, the GHG emissions and removals shall be documented and assigned to
the system under study”. Greenhouse gases. Carbon footprint of products. Requirements and guidelines
for quantification (ISO 14067.2018), section 6.4.9.6
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General principles of carbon balance modelling in LCA (3)

* “The time period selected for analysis shall be documented and justified. At a
minimum, it shall include at least one full rotation period for processes that
involve growing crops or trees”. Greenhouse gases. Carbon footprint of products.
Requirements and guidelines for quantification (ISO 14067:2018), section 6.4.9.6

* "The assessment of the impact of land use change shall include all direct land
use change occurring not more than 20 years, or a single harvest period, prior
to undertaking the assessment (whichever is the longer)” PAS 2050:20171
Specification for the assessment of the life cycle greenhouse gas emissions of
goods and services. British Standards Institution (BSI).
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LULUC emissions of Finland: results of the national GHG
inventory
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Carbon content

Carbon stock changes with a “steady state”
approach : agricultural land

- = C, C stock loss= C,-C;

= elementary flow: C emission
to atmosphere

PAS2050: 20 years



Carbon content

Carbon stock changes: agricultural land with
carbon sequestration

S C stock increase= C, - C,

= elementary flow: C
uptake from atmosphere

PAS2050: 20 years PAS2050: 20 years



How to handle the forest regrowth in LCA?
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Younger forests
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Mature forests
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Carbon stock changes: forest land
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Carbon stock changes: forest land

LULUC emissions allocated to products
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Climate effects of fossil and biobased materials: food packaging
(salad wrapper) as an example
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Source: Leinonen et al. (2022) Materials and solutions replacing traditional plastic: final report



Conclusions and next steps

The mass balance principle is essential in modelling the biogenic carbon flows in LCA
« Completeness
« Avoiding double counting

« This principle allows consistent comparison between different biobased (e.g. from field
or forest) and fossil materials and solutions

» International standards and guidelines allow transparent communication and
comparability of the LCA results

« More detailed guidelines needed: e.g. region-specific and management-specific
emissions factors

« Need for application of mechanistic forestry and soil carbon models for determining the
emission factors

» Bringing the modelling into practice with LCA case studies

© LUONNONVARAKESKUS 28.6.2023 23



