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Thesisresearch conducted at | FPEN [1] developed toolsthat can be used to describe biogenic carbon
flows on the basis of dynamic modelsrather than conventional static models. The analysis then focused on
the differencesin results and conclusions gener ated by this new approach, aswell asits advantagesin
termsof climate for ecasts.

Climate change: incor porating the time factor into the evaluation of carbon flows

Low-carbon strategies promote the use of renewable energy sources and biomaterials derived, among others,
from dedicated forestry and agricultural biomass, aswell as residual biomass. They are designed to achieve
carbon neutrality, which consistsin obtaining a per fect balance between the amount of CO,, emitted and the
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amount captur ed.

Climate change caused by human activitiesis also assessed using dedicated methodologies, such aslife cycle
analysis (LCA) or the carbon footprint, for example.

However, the models under lying these methodologies ar e static, since they only represent systems in steady-
state conditions . For example, the life cycle inventory is based on a simplified aggregation of all the flows from
various units of the process analyzed and, consequently, does not take into account the variability of carbon
flows (fossil and biogenicl) over time.

The climate neutrality hypothesis relating to biogenic carbon emissions (C;, )) is thus justified by the fact that
biomass carbon emission and sequestration processes ar e supposed to take place * at the sametime”.
Incorporating the time dimension, whereby C,; ; flows are distributed over time, callsinto question this climate
neutrality.

Dynamic models applicableto all demand models

The new modeling framework proposed within the thesis research conducted at |FPEN takes into account:

a) upstream (production), non-linear models of biomass growth [2] and soil organic carbon (SOC)
sequestration associated with the use of land, including crop management practices[3],

b) downstream models, for specific end-of-life options (waste and residue management), that may potentially
delay emissions.

The dynamic models devel oped have been designed to be combined with the results of any demand model -
giving technical flows that govern the quantity of biomass supplied/used in a studied system - in order to be able
to produce full dynamic carbon inventories (fossil + biogenic).

For example, research studying the consequences of public policies for the energy transition (diagram below)
combined a partial-equilibrium economic model of the French energy sector (Demand model) with adynamic
model for forestry biomass growth (Chio model) to evaluate pr ospective bioener gy scenarios [4].
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Climate Change impact assessment

A prospective energy model combined with aforestry biomass growth model

A methodological advance for more accur ate predictions

The results showed that this new C,; , sequestration and SOC dynamics modeling approach provided a more
accuraterepresentation of C,; ) flows and that its incorporation into climate change calculations had a
significant impact on forecasts.

Moreover, this new tool has made it possible to underline the impact on climate change of the biomass used
(particularly crop rotation durations), the export rates for residues for energy usages and the point at which the
first sequestration flow takes place (before or after biomass use) [5].

This new dynamic approach may be further refined to take into account site or case-specific contexts.

The research conducted already makes it possible to take better account of biogenic carbon and helps to optimize
LCA. A methodological advance of thistypeis particularly useful to help defineinitiatives aimed at tackling
climate change.

1 Carbon from the terrestrial biosphere (around 20% in living biomass, 80% in dead organic biomass contained
in forest litter and soils)
2 Prospective energy model https://fr.wikipedia.orgiwiki/MARKAL#TIMES
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