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I Outline

Introduction & Modelling

rationale approaches

o Why does dynamic o How to model o When to use what?
LCA matter? biomass/carbon o To achieve what?

o Current dynamic?
methodological o Bottom-up

developments o Top-down
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Introduction

Introduction »

e LCA framework under

continuous developed in the last
30 years inventory impacts

* There are still challenges, such f
as, the lack of consideration of m
dynamic features:

[t/

* Temporal scope (when does ﬁ -« LCA
an emission occur?) = o Consequences of
temporal profiles i or;u”r;]:\?ifoc:r\\::r?ts”
 Spatial scope (where does an k a —~
emission occur?) >
local environmental v
uniqueness

3/25 Refs.: Figure Arnaud Hélias (2019), ELSA Montpellier



Temporal dynamics: static carbon characterisation

Introduction E>}>

Limitations in the characterisation:

o Time preferences: temporal cut-offs beyond the
fixed TH

o Inconsistent temporal boundaries

Example: IPCC Global Warming Potential (GWP) metric

Climate Change;pypact = z m(i) X TETCE N
i

Emission at t=25

[kg COZ,eq] [kg] [kg COZ,eq'kg_l]

Radiative forcing (W.m2)

I
Time horizon of the study t =100 1 Temporal

| incon-
sistency

0 25 0 75 100 125 150
Time (years)

4/25 Ref.: Benoist, 2009; O’Hare, 2009; Levasseur, 2010



Introduction E>}>

I Temporal dynamics: static carbon inventories

Example: IPCC Global Warming Potential (GWP) metric

Accounting limitation:

o Aggregation of all C flows at t=0

o No temporal differentiation of elementary
flows

(o]
Climate Changeimpact @ X GWP; (1) OO

[kg COZ,eq] [kg] [kg COZ,eq'kg_l]

5/25 Ref.: Collet et al. 2011, Albers et al. 2019



I Example of the (static) aggregation of carbon flows Introduction E>E>

Missing temporal
biogenic C profiles due
to aggregation of C flows

Fossil-based economy Bioeconomy

Fossil CO, Biogenic CO, N

@ R
>_’ Q ol

C-seq. C-stock and delay C-release Time
>

Carbon neutral
(Biogenic CO, =
release — sequestration) /

~~

Zero impact Modelling approaches rely on this
promotes carbon neutrality hypothesis, so does policy

Carbon source

t t t t
(Fossil CO, = release) 1 2 3 4

i
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Biogenic carbon does have an impact!

The time lag
matters!

The point it time the Cis emitted it increases O
the atmospheric concentration of GHGs o

—>The energy balance of the Earth climate
system does not make a difference on the

origin of C (biogenic- or fossil-sourced)

- Temporary releases contribute to climate
change

Cherubini et al. 2011

Introduction

Permanent C
losses!

emissions
(e.g. CH,)!

Non-CO,

CO,,;, # climate neutral

*

In the atmosphere
1 unit of CO,,;,, = 1 unit of CO,

=

1 unit C02 bio emitted

*

Conversion of biomass into energy
CH,O, +n0O, - nH,0 + CO,,, + energy
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I Methods in LCA linking LULUC, biogenic C and SOC

Land occupation and transformation

ILCD (Milai Canals et

al. 2007
Schmidinger and ) 0

Stehfest (2012)

(0]
T+0
Muiller-Wenk and Brand3o and
Brand3o (2010) Mila i Canals
Vogtlander et (2013)
al. (2014) ) )
Tonne year (Fearnside Benoist and
et al. 2000, Moura- Cornillier (2016)
Costa and Wilson,2000) T+0
T
IPCC —full - Dynamic LCA

ILCD - Temporary C

storage and delayed

emissions (2010) T 2010)
[ T—

accounting GWP
(2013)

(Levasseur et al.

Biogenic Assessment

Factors (EPA 2011) Project-oriented

methods (e.g. CDM) LANCA® (Bos

Biogenic GWP et al. 2016)
(Cherubini et al
2011)
Biogenic Petersen et
carbon (Cy;,) Time-adjusted al. (2013) Nufiez et al.
GWP (Kendall, (2013)
2012)

Ref.: adapted from Benoist and Bessou (2018), SOCLE project; evaluation in progress

Stock difference
r gain and loss
e (IPCC 2006) T

Soil organic
carbon (SOC)

Introduction

Colour code:

Static LCI

Static LCIA

Dynamic LCIA
Dynamic LCl and LCIA
T = Transformation

0O = Occupation

—
Direct relation
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Dynamic LCA approach compared to static GWP

System under study

~

emissions
3 l ,%_ » time
fixation
I
L 5 €
4 N 4
Classic LCA DynamicTCA
% . D ’ >
100 year ’ ,
@ @ time horizon
\_ Static Impact (GWP,,) / \_Dynamic Impact (over time horizon) /

Refs.: Figure Arnaud Hélias (2019), ELSA Montpellier

Albers et al. (2019)
De Rosa et al. (2018)

\

|

Introduction }>}>

> Build biogenic carbon profiles

Dynamic emission may provide
a more accurate picture of
“real” climate change
mitigation potentials, for
instance towards climate
targets




Dynamic modelling of feedstock resources Modelling

Dynamic carbon accounting: C,;, + SOC + LU(C) o Carbon sequestration in the living

Upstreammodelling biomass

| Atmosphere i * Plant growth (non-linear)

| | [ ¢ * Allometric relation btw. e.g.

! Fixation Decay Combusti ' H H

i l om US fon [ oedeae age and height or diameter

' [l i * C partitioning among plant

' | Biomass growth | 2| value organs (e.g. leaf, stem, root)

| i Q chain

! - ' idual 2 o .

: Incfl\ndual plant parts ! | Harvested Rers;“:Ja o Soil organic carbon: dead

! Foliage (aboveground) ! residues material .

! Branches (aboveground) ! blomaSS

' Stem (aboveground) Losses Dead :

| | LReots (belowground) | biomass |1 o Land use management (change):

5 i rotations, thinning, nutrient

| | supply, residue removals, tillage,
Debris ! etc

Litter fall

* Land use change

Humus
i | Soil organic carbon

* Climatic and edaphic conditions
and changes

11
10/25 Ref.: Fig. (left) Albers, 2019 (PhD thesis), Fig. (right): Bolinder, et al., 2007 (https://doi.org/10.1016/j.agee.2006.05.013)
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Modelling

I Modelling: a framework for dynamic LCA of biomass

Any model providing Focus on climate change
biomass flows: economic — rm— mitigation strategies based
. ; ision-making |
model, bloproduct LC': etc. model ( '\\ priorities | on biomass use
. ! |
Time-dependent Climate change
scenarios i
l A A
Goal and scope » LCl » LCIA » Interpretation
» 7 T x T N
/ Scope: Biomass Use phase : End-of-life : Impact i Goal and scope LCI LCIA
. ‘,f . - . H
f/ Chio, land  / modelling modelling modelling modelling N '
/ use, SOC /,f System i | Timing Of.C Static vs
Biomass growth Bioenergy Combustion Static boundaries sequestration = dyn;m}c
/' Biomass: / Benchmarking Cut-offs e horlzon
/ / . , : : implications
/ forestry, / Land use Biochemicals Loop-closing Dynamic
/ agriculture,  / : H Rotation length
/ biowaste  / Yield, Biomaterials C storage eonEne
! / management Management
SOC Decay change

11/25 Albers, 2019 (PhD thesis)



Bottom-up: IFPEN TIMES-MIRET partial-equilibrium D

- Energies
(lanouvelles
Uy

Example of prospective biomass demand in

France up to the year 2050 under policy 7TE+4
constraints (LTECV: “loi de transition =
. »” 6E+4 —_
energetique”) — - = IR
pmily
S SE+4 -2 B B B
& s mm
& 4E+4
. . 0 N
® Forest wood residues (energy mix) L
® Energy crops (energy mix) g 3E+4
® Agricultural residues (energy mix) A
®m LGC dedicated (energy mix) > 2E+4
[£2]
Forest wood residues (transport) 5 1E+4
Energy crops (transport)
Agricultural residues (transport)
LGC dedicated (transport) OE+0
o — " o N o Tp} o
—_ o o o o™ < < (Tp)
o o o oS o o o o
o o~ o o o o o o

LGC: Lignocellulosic matter .
J Time [calendar years]

12/25 A. Albers, P. Collet, D. Lorne, A. Benoist, A. Hélias, Coupling partial-equilibrium and dynamic biogenic carbon models to assess future transport scenarios in France, Appl. Energy. 239
/ (2019) 316—-330. https://doi.org/10.1016/j.apenergy.2019.01.186.
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Modelling forest trees of the French wood supply-chain Modelling

Carbon fixation dynamics

1 ———
Maritime pine glas"i - Sot pine Beech - Ash 0.9
(Pinus pinaster) (Pseudotsuga menziesii) (Pinus sylvestris)  (Fagus sylvatica) (Fraxinus excelsior)
0.8
o
o 07
e
: ";’ 0.6
:. r fir " Norway spruce ‘ English oak " Whiteoa e 05
(Abies alba) (Picea abies) (Quercus robur) (Quercus pubescens) o0 . .
R " Chapman-Richards growth model
c 04
£ w (@)= A(1- e‘kt)p
S 03 (t) B
[a] . .
—W o 0.2 and allometric relations of
Sessile oak Chestnut Hornbeam ’ . pe
(Quercuspetraea)  (Castaneasativa)  (Carpinus betulus) 0.1 monospeCIflc fo reSt Stands
‘ 0 'A : 2 : : % 2
o o o o o o o o o o (]
o~ < O 0 o o~ < O 0 o
— — — — — ~
e — Time [years

Other conifers Other raleved

A. Albers, P. Collet, A. Benoist, A. Hélias, Data and non-linear models for the estimation of biomass growth and carbon fixation in managed forests, Data Br. 23 (2019) 1-8.
13/25  https://doi.org/10.1016/i.dib.2019.103841.
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The “chicken-egg-causality-dilemma” D

O Forest system O No forest system
Historic approach generates C benefits,

while the future one C debt. |———————=—=—==—==- Ecosphere

Historic < C-neutral < Future

Historic approach for attributional LCA,
unless new biomass sources, or
substitution is modelled

Key criteria:

* Previous state of the land use

* If from ecosphere, does it remain
unmanaged forest or is it converted
into a managed system?

I
=
—~+
@]
=,
(@)

14/75 A. Albers, P. Collet, A. Benoist, A. Hélias, Back to the future: dynamic full carbon accounting applied to prospective bioenergy scenarios, Int. J. Life Cycle Assess. 25 (2020) 1242-1258.
/ https://doi.org/10.1007/s11367-019-01695-7.
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Bottom-up: dynamic model integration coupled with LCA D Modelling

Demand model: a static LCA of a palm oil- Modelling approach
. Inventory timeline
based bioproduct

4-yrs old f O
5-yrs old 1 I I

I Corresponding

I harvests
25-yrs old | Q

timeframe associated to the intervention

t — 25 46-yrs ot 21

|
I
| -
S s SOt cm e S I . .
Rotationlenght 1 Dynamic C flows of a whole lifecvcle
WStem ™ FFB WFBE ®™Raot ® MIPB | 2.0E-1
I 1.5E-1
|
M M 1.0E-1
Other emissions !
I — 5.0E-2
Shell | T
L . = 0.0E+0
M incineration ! O
| = 50E2
Surfactant use |
-1.0E-1
oo way |
‘:9" <E: 02 G, GG ~C ) c mlel-e---.h\--s'-,l -1.5E-1
Na* 0™ 0 e e e e e e e
Peimleum-;‘;n:d Biomass-sourced (PKO) ‘ I -2.0E-1
e e e e e e e e e e e e e e e ——— 1 88 2 =2 W <2 Y 2 2 &8 d8 F
Time [yr|

15/25 Ref.: Albers, 2019 (PhD thesis)
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Top down: negative land-based emissions

* We want to identify global
SOC-deficient sinks (< 50 t
C/ha) to sequester CO, trough
the biomass to the soil

* Apply it on marginal land

(non-agricultural, non-forestry
land cover)

e Rely on the use of

georeferenced products
corresponding to the needs of
macro-level global models

CO, uptake Atmosphere

Biopumps PRt Where?

@{f;" c

one?
Grasses SRC Fibre

Qilseed Orchard Tree )

Soil carbon sequestration

Pedosphere

g

15t phase (top-down):
Identify global negative

N

=

CO, release
For Bioeconomy
what?

Textile / Building &
Construction / Furniture /
Automotive / Cellulose &

Paper / Chemicals / Speciality
/ Biofuels

Biomass carbon storage

How much?

Technosphere

A

2" phase (bottom-up):
Conduct LCA of biomass C

SOC-CO, emissions

scenarios

B \) NEGEM




Overview of the framework and strategy

Framework structure in four main
steps:

1. Identify global marginal land, while
considering biophysical constraints
for biomass production

2. Characterise target areas by
pedoclimatic and terrain conditions

3. Identify plant species determining
their environmental tolerances

4. Model long-term Soil C flows
(2020-2100) of target
areas/biopumps matches:

SOC + erosion dynamics

17/25

=

/ﬁ oZ:tS/ nd‘?cyf:/}

Biopump data with
pedoclimatic

tolerances

7
/

=
| Compare to derive to : <
abandoned »- Vi /

agricultural land

PRy "]
A

-
== _A0C stocks -

Filter biophysical potentials .  <ll® /
and remove protected areas / WSwnt‘S’ o
rl. =
Filter climate and soil A e
information / met AfEﬁS /

Pedoclimatic data
of target areas

" yOC simulations
(RothC* model)

*Coleman & Jenkinson (1996)

B \) NEGEM




Modelling

Characterise target areas
ECOCROPS
(FAO, 2018)

Climate
zones

(FAO GEZ, 2010)

World Regions
(EPSI, 2020)

I Methods and data sources of the Framework

Identify target areas
Land cover Protected SOC stocks Soil and terrain (Psao”ai:)ss:tmal EVT Climate
(ESA CCl, 2010, ;;I;P: Z;e;).s (FAO GSOC, (IIASA/FAO 201_5_ Borrelliet | | (CGIAR,GSWB,
2017) HWSD, 2009) 21.2013) 2019)

SCS, yields,

Near- allometries,

present marginal
adaptability
3. Select

Biopumps

2018)
(1979-2013)

Abandoned
agricultural
land

Sparseand
bareland

roptolerances Management
(Temp.,Prec., (Cinputsto
texture, pH soil, Iand use,
elevation, .

(2018)
2010 vs 2018
Marginalland without
protected areas SOC classes
L 2
/ C-vulnerableland <50 t A = = RUSIE
Chal(30 cm . . . oil properties
( ) BIOp't'IyS.ICZ|SC|:I| (bulk density, model Monthly |-Mo:t:!|yt
:c:‘"s.rams(p) b texture, (Foster actual ET (_C['ma epa a)
rainage, ... Y 2005) emp., Prec.
Biopumps
X GEZ (tolerances and
management practices)

Model soil C flows of matches

¥ v
Soil erosion, Monthly climate (Temp.,
bulk density, Prec., EVT), clay, C
depth inputs, land use
v [ 2
SOC-eroded RothCv26.3 S | {iemies-
S0C PET Serranoet al.
(Lugatoet |« — (Colemanetal. [« i N
al, 2016) [thtyr] 1997) [mm] 2010; Begueria
etal. 2014)
I
v

Soil net C changes
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Preliminary result: marginal lands }>

| <30tsOC/ha
I <50tsoc/ha

e i

ey { o -

i SR s <

Filter World Harmonised Soil Database (FAO/IISA, 2009)

out

Protected
Sparse vegetation 690 Mha areas

Bare areas 2 020 Mha
Abandoned agricultural land 4 Mha
(2010-2018)

World database for protected areas (WDPA, 2016)

19/25 - V) NEGEM




Target areas by Regions and Global Ecological Zones

Land covers
(<50 t SOC/ha)

8 067 Mha

Marginal land (bare +
sparse + abandoned)

714 Mha (34%)

Target Areas
(biophysical suitable)

28 Mha (1%)

|_|_l

About the size
of Ecuador

20/25

Modelling

Global ecological zones, world regions and target areas

I:I Boreal conferous forest I:l Subtropical dry forest

I:I Boraal mountain system : Subtropical humid farest

I:I Boreal tundra woodland I:I Subtropical mountain system - Temperate oceanic forest
- Temperate steppa
|:I Subtropical desert - Temperate continental forest - Tropical desert

Falar - Subtropical steppe

- Temperate desert
- Temperate mountain system - Tropical moist farest - Target areas

- Tropical dry forest I:I Warld regions

- Tropical mountain system
- Tropizal rainforest

- Tropical shrubland
I:l Wister

B \) NEGEM




I Matching and soil C modelling Modelling

Regions Global Ecological
(Reg 22) zones: (GEZ 19)

Pre-selected
biopumps (Species 50)

Target Areas Biopumps
(Reg x GEZ 152) (Species 432 )
Terrain, pedoclimatic Plant tolerances to
conditions and pedoclimatic conditions
hical dat i i
geographical data Target area data Biopumps data and C inputs to soil

&)

R engine for SOC
computations (gain and

Net soil C sequestration
(gain minus losses)
(Reg x GEZ x Species 128

R engine for matching
(Reg x GEZ x Species 65 664)

A A

losses :
) 12 Reg, 11 GEZ, 67species)
ROTHC-26.3 model: monthly climate data RUSLE model: Revised Universal Soil Loss Equation
(temperature, precipitation, evapotranspiration), soil (Panagos et al et al. 2015, Borrelli et al. 2013) and
clay, C inputs from plant residues, management eroded soil C method (Lugato et al. 2016)

21/25 - V) NEGEM




I Overall conclusion: determinants of data and modelling D}M
approaches

Goal and scope of
the study, including
the scale of
analysis
Aggregated (top-bottom)
vs disaggregated
(bottom-up) data

Data availability and
granularity
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I Conclusions and perspectives D}M

Bottom-up Top-down
* From particular to general * From general to particular
* E.g.: Assess (prospective) biomass * E.g.: Assess (prospective) biomass supply
demand

* How to model available resources (land,
plant species, soil) to estimate global SOC
sequestration?

 What biomass resources are required for
more sustainable transport?

* Involve land use management (change) * Include environmental constraints

(climate, soil properties, topography)

Hybrid
e Use national statistics for yields or primary data for LCA, biomass
distribution

* Tend to be more suitable for intermediate geographical scales (e.g. a
region/landscape/territory in contrast with a site or a whole country)

23/25



I Conclusions and perspectives D}M

e Considering temporal and spatial dynamics alters the results

* The “dynamic” approaches are not standardised, so there is considerable
uncertainty/variation associated with choices (e.g. chicken-egg-dilemma, temporal
boundaries, geographical boundaries and aggregation levels, modelling of even-or
un-even-aged stands)

* Scale matters for temporal and spatial dynamics:

» At the landscape level, stocks are rather constant, but not at the stand/farm/project

level (e.g. SOC dynamics depend in the long term on management practices and climate
change)

e Contribution to climate change (a global impact) is uneven among regions
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