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Climate change and hemp

Climate change projections for
Europe based on an ensemble of
regional climate model simulations
provided by the EURO-CORDEX
initiative

Projected changes in annual mean temperature (left) and annual precipitation (right)
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Climate change impacts

v’ Raise global surface T° 2.6-4.8°C by 2100
v" Increase of evapotranspiration

v’ Rainfall pattern, frost-free days

v’ Increased frequency of extreme events

v’ Crop yield
v’ Suitability of crops
v’ Insects (pollinators), weeds, and diseases

v" Soil microbe relations
v C and Nutrients cycles
v’ Suitability of agricultural practices
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Climate change impacts
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Climate change impacts Climate Change (T, P, R, CO....)

= Varniability Extremes =

Scientific methods for investigating - -~
crop yield responses to climate -~

Indirect Indirect

change fall into three categories: ‘Physiological Processes  BioticStress \\
. . / ) | .
* Field experiments; ? ’Photosvnﬂnﬂs,l’olllmﬂbn, .« Weed, Pest, Diseases, ... ‘ X
* Process-based modeling; n— |
. . . |
e Statistical modeling . y -
‘\ » = _ *" Biophysical impacts ,
/
\\ > «-. Human-related impacts /
\ 2 ’ i 3 Z /
BN Crop species eronzet/ top Planting and harvest strategies ol

Irrigation Rotation
Adaptions, Management Practices, Field operations, ... Hu et al.. 2024
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Global productivity change (%)

Climate change impacts
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Climate change impacts
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Adaptation

v’ Cultivars and breed improvements

v' Changing management practices (e.g. sowing
time)

v’ Switching crops, breeds, and farming systems
v’ Managing water
v" Diversifying agricultural systems
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Impact of agriculture on climate change

v Greenhouse gas (GHG) emissions from
agriculture 13-21% in 2010-2019

v’ The agricultural sector is the largest contributor

of non-carbon GHGs, such as CH, and N,0 Contribute to

o
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In 2015, food-system emissions amounted to 18 Gt

Quter circle: Land based = Energy = Industry Waste CO2 equivalent per year globally, representing 34%
of total GHG emissions, 71% of which (24% on global
o WLULUC Production m Transport = Processing GHG emissions) from agriculture and LULUC activities
Inner circle: , . : .
m Packaging Retail Consumption End of life

Fig. 1| GHG emissions from the food system in different sectors in 2015.
Total GHG emissions (including CO,, CH,, N,O and F-gases) are expressed
as CO.e calculated using the GWP100 values used in the IPCC AR5, with a

value of 28 for CH, and 265 for N,0O.

2021 Crippa et al. Nature Food https://doi.org/10.1038/s43016-021-00225-9
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Source: JRC, 2024

https://data.europa.eu/doi/10.2760/4002897, JRC138862
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Mitigation option in agriculture

v’ Ferilizer use

v" Soil management

v Residue management

v' Water management (paddy rice)

v Animal husbandry/manure management

v' Increase Soil Organic Matter

v’ Restoration of organic and degraded soils
v’ Set-aside, LUC, agro-forestry

Smith et al., 2007 IPCC
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Flower

* Charmezsulicd TRL LED

Mitigation option with hemp

v’ Bio-materials (C sink)

v’ Bioenergy
v" Carbon Farming (C sink) Shivs
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Is GHG mitigation with hemp cost competitive?
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Climate change and hemp

v' Temperature change
Photosynthesis, Phenology
v Extreme climatic events Impacts
Lodging, water logging, anoxia
ging 9g9'ng Contribute to

v’ Water stress (drought, High VPD)
Lower yield

o™
91t of ghe soW
Key role in mitigation

* High nitrogen use efficiency
 Ccarbon capture in biomaterials

e Cultivation in marginal environment
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Climate change and hemp

v' Temperature change
Photosynthesis, Phenology

v’ Extreme climatic events
Lodging, water logging, anoxia el i

v’ Water stress (drought, High VPD) i jl‘f |7‘ (i v P

Lower yield '\" ;,; ,; ;}“%’mﬁ'”

N

k¥ - e

- e -B.\ R

Key role in mitigation

¢ ngh n’trogen Use EffICIen Cy Hemp (Cannabis sativa L.) leaf photosynthesis in Watter and NitroQ-en-U§e Bificiencion

. é : of Hemp (Cannabis sativa L.) Based
relation to nitrogen content and temperature: Whole-C M
implications for hemp as a bio-economically sustainable on ole-Canopy Measurements

e Ccarbon capture in biomaterials = T and Modeling

DUCCI®, TJEERD-JAN STOMPH lef Tang *~, Alessandm ‘racasso’, Paul C. Strulk’, Xinyou Yin'* and
OPEN ACCESS Stoano Amaie

e Cultivation in marginal environment

_-’@ MultiHemp



Hemp phenology and possible impact of climate change on its cultivation

Climate change and hemp

v' Temperature change
Photosynthesis, Phenology

v’ Extreme climatic events
Lodging, water logging, anoxia

v Water stress (drought, High VPD)
Lower yield

Key role in mitigation
* High nitrogen use efficiency
 Ccarbon capture in biomaterials

e Cultivation in marginal environment

A (umol m=2s71)
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Tang et al., 2017 doi:
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10.1111/gcbh.12451
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Climate change and hemp

v' Temperature change
Photosynthesis, Phenology

v’ Extreme climatic events
Lodging, water logging, anoxia

v Water stress (drought, High VPD)
Lower yield

Key role in mitigation
* High nitrogen use efficiency
 Ccarbon capture in biomaterials

e Cultivation in marginal environment

A (umol m=2 s71)

A (umol m=2 s-1)
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Compared with cotton and kenaf, hemp has
higher photosynthetic capacity when leaf
nitrogen is <2.0 g N m2
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Tang et al., 2017 doi: 10.1111/gcbb.12451
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_ Nitrogen effect depends on the soil fertility
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: —<—LV 50 r 4
I I A B
0.0 40 + CRITICAL ; MINIMUM
0 _ 50 100 S <
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SRR Contents lists available at ScienceDirec 1'0 i —— Rlce-‘]aponica
o . Cotton
@ ﬁ k‘4 ] | Indusma»l Cro?s & Pro‘dflcts O, 0 R s 0 R s
journal homepage: www.elsevier.com/locate/inderop 0 5 10 15 O 5 10 15
A comprehensive study of planting density and nitrogen fertilization effect ®(“,\\M,...k Biomass (Mg ha_l) BiomaSS (Mg ha_l)
on dual-purpose hemp (Cannabis sativa L.) cultivation

K. Tang™", P.C. Struik®, X. Yin”, D. Calzolari®, S. Musio®, C. Thouminot‘, M. Bjelkova’,
V. Stramkale®, G. Magagnini', S. Amaducci™

Comparison of hemp nitrogen dilution curve with that other crops
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Growth cycle of hemp (Bdcsa & Karus 1998)

period of rapid growth

stages 1 & 2 stage 3 stages 4 - 6
< >

200 - Pl

250 -

150 -

Factors affecting this phase

Plant Height - Centimetres

100 - ] o
* Soil conditions
* Soil humidity and temperature
50 - * Airtemperature
e Rainfall
0 T // T T T T T ]
* Genotype
0O 15 29 44 58 72 86 98 113 127

* Planting density

Time - Days
Seed quality




N:  UNIVERSITA
= CATTOLICA

del Sacro Cuore

Hemp phenology and possible impact of climate change on its cultivation

Growth cycle of hemp (Bdcsa & Karus 1998)
Emergence - Canopy closure

250 - period of rapid growth
stages 1 & 2 stage 3 stages 4 - 6
< >
200 Pl
&
L)
£
£ 150 -
@)
.?_)0 100 - Factors affecting this phase
T * Soil conditions
§ * Soil humidity and temperature
50 - * Airtemperature
e Rainfall
0= L | | « Genotype
0 15 29 44 58 72 86 98 113 127 . .
Time - Days * Planting density

* Seed quality
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Planting density affects stem and fibre yield

Fibre production 90-200 plants m-2 10T

Seed production 30 - 75 plants m-2

Dual-purpose 90-150 plants m-2

04
0,2

Relative stem yield

0,0 ' ' |
0 100 200 300
Planting density (plants m-2)

Contents lists available at ScienceDirect

Industrial Crops & Products

Y
journal homepage : www.elsevier.com/locatelindcrop B a

A comprehensive study of planting density and nitrogen fertilization effect @CWMM
on dual-purpose hemp (Cannabis sativa L.) cultivation

K. Tang™", P.C. Struik®, X. Yin", D. Calzolari’, S. Musio®, C. Thouminot*, M. Bjelkova",
V. Stramkale®, G. Magagnini', S. Amaducci™*
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Planting density affects stem and fibre yield
...and fibre quality

2001 2002

B —o- epicotyl 73 il [T 80
TABLE 4. Average diameter (um) and standard errors of primary fibres at i i o\l 2001
internodes |, Il and VI at the three stages of flowering (74, 85 and 107 DAS) 3 3 /° 60|
and at three plant densities (90, 180 and 270 plants m2) in 2002. 2 2
1 14 ‘
s 4H01+——
| m VI € o4 0¢ sy
@ 5 5
Density DAS Mean sd Mean sd Mean sd 5 4 4 < 20
by s o
74 25.4 7.9 323 11.3 224 5.4 = o 3 =
< y =
90 85 40.6 9.2 29.1 72 23.0 5.2 g 2 2 /o—c o ‘(35 80
107 37.6 7.7 35.6 6.1 29.7 6.3 S 11—= 1 o .o € 2002 %
74 36.4 7.0 21.1 5.1 23.6 4.9 5 2 Fo—o—o - —rotl—— 5 601 = :
180 85 32.2 7.8 26.2 5.7 18.7 48 8 . i 5 @ |
107 355 10.1 26.7 3.8 24.6 54 L 7 - 40 5 il Y 5% D30
270 74 26.8 76 23.6 6.1 18.8 3.9 9 i vi a 0©eDW |
85 314 11.2 23.4 6.1 1Z:1 2.0 1 '/ o P OEED150
: : ; : . : i D270 (; D270 AAAD270
,04_.,*9__ ,_.,_o_,qét_,_ o
0 250 500 750 1000 0 300 600 900 12001500 0 200 400 600 800 1000 1200 1400
GED from the end of internode elongation GDD from the end of internode elongation

Amaducci, S. et al., 2005. Journal of Industrial Hemp, Vol. 10 (1), 31-48. Amaducci, S. et al, 2008. Field crops Research, 107,161-169.
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Elongation
Growth cycle of hemp (Bdcsa & Karus 1998)

950 - period of rapid growth
stages 1 & 2 stage 3 stages 4 - 6
< 4
200 Pl
>
L)
£
£ 150 -
@)
.':5_)0 100 - Factors affecting this phase
T * Soil humidity / rainfall
§ * Air temperature
50 - * Photoperiod
* Wind/lodging
0 /__/ o o * Nutrition
0O 15 29 44 58 72 86 98 113 127
* Genotype

Time - Days
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Effect of climate change on crop phenology , ,
Rate of change of the flowering date for winter wheat

Trend in flowering date for
winter wheat, 1985-2014

Days/year
<-0.4
[ -04t0-0.3
[ -03t0-0.2
[ -02t0-0.1
7 [ ‘ [ ]-0.1t00.1

| No winter wheat
simulated

] Outside coverage

* Flowering of several crops has
advanced by about two days per
decade during the last 50 years.

* Changesin crop phenology are
affecting crop production.

* Shortening of the growth phases of
many crops is expected to continue
(this may be altered by breeding and
changing planting dates) IR
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Environmental control of hemp phenology is extreme!

Latvia

Finola & MultiHemp
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Contante ligte availabia at SciancsDirect
IMDLSTRIAL CRNS
ANU FSULCTS

Industrial Crops and Products ‘W’nxv

journal homepage. www slceyisr nilocate of

Comparing hemp (Cannabis sativa L) cultivars for dual-purpose ®x;wnvm
production under contrasting environments Th I N r | h , iV h
K. Tang ", P,C. Struik”, X, Yin", C, Thouminot*, M. Bjelkova’, V. Stramkale®, e O ge S t e egetat e p ase’
S. Amaducci ™ h . . . .
the higher is biomass yield...
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Industrial Crops and Products anv
. B | N ... the lower is seed yield.
Comparing hemp (Cannabis sativa L) cultivars for dual-purpose @L’_von\’nlk
production under contrasting environments
K. Tang ", P,C. Struik”, X, Yin", C, Thouminot*, M. Bjelkova’, V. Stramkale®,
S. Amaducci ™
30 r & IT: y=8.13-0.03x 025 B IT: y = 1.146-0.005x
r=0.58 (o] r:=0.82
2§ L
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Tang et al, 2016
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Hemp phenology and possible impact of climate change on

SEU_21

W
o

300

2001 r20

FW (g)
(ww) s|eyurey

*
T
-
(=}

100

45000 45005 45010 45
Time (days from 30-12-1899)

Time to dry (drying model)

v 0
015 45020

MODEL FOR MICROBIAL DEGRADATION
DURING THE DEW RETTING

Time to flowering (fibre yield)

[ BIORETTING : A MECHANISTIC J OUTER TISSUES OF FIBER-CROP STEM

Genotype X Environment x sowing time

Hardly
.| assimilable
solubles
G

Time to retting (retting model)

Lashermes et al., 2020



Hemp phenology and possible impact of climate change on its cultivation NIVERSITA

U
z CATTOLICA

del Sacro Cuore

=
My « B
St

'IpD \\ k2

| water availability
Well-watered Water-stressed

Hemp and water consumption
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Hemp has the potential to grow under limited or variable
water, with relatively low water requirements of 220 mm
to 450 mm compared to other fibre crops;

Hemp shows great potential as a drought resistant crop,

offering exciting possibilities to produce sustainable fibre in
a changing climate

1 root length? |

Gill et al., 2023 doi.org/10.1007/s11104-023-06219-9
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Suitability to marginal environment
* Productivity susceptible to HM (greenhouse scale studies) @
* Tolerance to drought depends on soil characteristics / crop phase //I
* In marginal conditions multipurpose applications are limited: GRACE

 Todual purpose in mountain area;
 Tostem only in HM contaminated lands;

IOENERGY

A SUSTAINABLE BIOECONOMY

REVIEW @ OpenAccess ) @)

Adapting the cultivation of industrial hemp (Cannabis sativa L.) to
marginal lands: A review

Henri Blandiniéres p%&, Stefano Amaducci

i:01 June 2022 | https://doi.org/10.1111/gcbb.12979
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Yellow varieties are easier to decorticate
Yellow varieties have higher albedo (CG mitigations)

Musio S, Missig J and Amaducci S (2018) Optimizing Hemp Fiber Production for
High Performance Composite Applications. Front. Plant Sci. 9:1702.
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Hemp phenology and possible impact of climate change on its cultivation

Hemp vs climate change in brief

v’ Effect of temperature raise will affect phenology (genotype selection)
v’ Extreme weather will affect high-quality fibre uses through lodging

v Heavy rains and high temperatures might reduce crop establishment
v’ Effect on field retting to be evaluated

v’ Potential threat from pathogens

v’ Hemp can be an opportunity for adaptation strategies (diversification)
v Hemp is a low emission crop

v Hemp products can play a role in Carbon Dioxide Removal strategies
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Where can you find me?

.
2
@
5

Agrivoltaics @UCSC

m507 kWp

=850 MWh y-!

mHeight: 5m

mPitch: 15mand 18 m

®m Ground cover ratio:
35% (pitch 15 m)
30% (pitch 18 m)

mArea agrivoltaics 10000 m?

Department of Sustainable Crop Production
stefano.amaducci@unicatt.it

Via Emilia Parmense 84, 29122 Piacenza, Italy
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Life Cycle Assessments for hemp-derived
products: do we need them, why and how?
Learnings from bioeconomy LCAs

Lorie Hamelin (INRAE)

Professor Chair, based at INSA Toulouse (belonging to Federal University of
Toulouse), TBI research unit

YW @hamelinlab

P hamelin@insa-toulouse.fr ALI "7NED - S
Horizon Europe grant agreement N° @ INSN gl’ﬂBLIQUE

10105D430. Views and opinions expressed
are however those of the author(s) only I;R ?NCAISE
and do not necessarily reflect those of the HER S INRAQ; Fealité
European Union or the European Research World Hemp Forum 2024 ) eyt o oters  Eriateemité
Executive Agency. Neither the European Troyes 19.11.2024

. A,

Union nor the granting authority can be

held responsible for them. institute.fr »
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What does it mean to be CO2 / GHG neutral?

GHG emissions How to interpret the graph:

(Gteq-CO, Avear) According to the IPCC, to limit warming to 1,5°C, global emissions must fall rapidly and
z reach net-zero by around 2050 for CO2 and 2067 for all GHGs. In 2019, they reached

44 Gt for CO2 and 59 Gteg- COZ2 for all GHGs. In 2020, they should fall by 7% for CO2

60 and a little less for all GHGs. In the coming decades, a similar rate of reduction will have

R LY Underlving trend® to occur every year, but this time thanks to deliberate and planned GHG emission

Rl . naerlying tren reduction strategies (see below).
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REGION Sources: L'Institut Paris Region, based on the IPCC special report on 1.5°C, October 2018; UNEP, Emissions Gap Reports 2017, 2019 and 2020; Climate Action Tracker, December 2020.
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How to interpret the graph:

According to the IPCC, to limit warming to 1,5°C, global emissions must fall rapidly and
reach net-zero by around 2050 for CO2 and 2067 for all GHGs. In 2019, they reached
44 Gt for CO2 and 59 Gteg- COZ for all GHGs. In 2020, they should fall by 7% for CO2
and a little less for all GHGs. In the coming decades, a similar rate of reduction will have
to occur every year, but this time thanks to deliberate and planned GHG emission
reduction strategies (see below).

(1) Underlying trend: emissions forecast if no new policy is enacted.
(2) Fossil CO,: CO, emissions from fossil fuels and cement.
(3) CO, LULUCF: CO, emissions from land use, land use change and forestry.
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How to interpret the graph:

According to the IPCC, to limit warming to 1,5°C, global emissions must fall rapidly and
reach net-zero by around 2050 for CO2 and 2067 for all GHGs. In 2019, they reached
44 Gt for CO2 and 59 Gteg- COZ2 for all GHGs. In 2020, they should fall by 7% for CO2
and a little less for all GHGs. In the coming decades, a similar rate of reduction will have
to occur every year, but this time thanks to deliberate and planned GHG emission
reduction strategies (see below).

(1) Underlying trend: emissions forecast if no new policy is enacted.
(2) Fossil CO,: CO, emissions from fossil fuels and cement.
(3) CO, LULUCF: CO, emissions from land use, land use change and forestry.
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What does it mean to be CO2 / GHG neutral?

GHG emissions How tq interpret the graph: '

(Gteg-CO, Ayear) According to the IPCC, to limit warming to 1,5°C, global emissions must fall rapidly and
. reach net-zero by around 2050 for CO2 and 2067 for all GHGs. In 2019, they reached

44 Gt for CO2 and 59 Gteg- COZ for all GHGs. In 2020, they should fall by 7% for CO2

and a little less for all GHGs. In the coming decades, a similar rate of reduction will have

to occur every year, but this time thanks to deliberate and planned GHG emission

reduction strategies (see below).
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How to interpret the graph:

According to the IPCC, to limit warming to 1,5°C, global emissions must fall rapidly and
reach net-zero by around 2050 for CO2 and 2067 for all GHGs. In 2019, they reached
44 Gt for CO2 and 59 Gteg- COZ for all GHGs. In 2020, they should fall by 7% for CO2
and a little less for all GHGs. In the coming decades, a similar rate of reduction will have
to occur every year, but this time thanks to deliberate and planned GHG emission
reduction strategies (see below).

(1) Underlying trend: emissions forecast if no new policy is enacted.

(2) Fossil CO,: CO, emissions from fossil fuels and cement. ]

(3) CO, LULUCF: CO, emissions from land use, land use change and forestry.
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H em p i Na l l t h i S ? - The only crop that Feeds, Clothes, Shelthers, and Heals!

- All parts of the plant can be used!

Hemp-Fosainiiie | Gameron - Fiber is like gold ...fibergrass
Sims | TEDxAuckland

Hemp Protai
B EDx Talks r : : , -
| et @ (rath Otein - Grows fast, unlike cotton, requires little to no pesticide,
3,/kvues +ilyabans erihan Soy/milk .
Protein) takes a fraction of the water, and half the land ...!
Hemp holds the key to a
sustainable future | Amy Ansel..  _ Strong & superior fiber, stronger than steel, but weight 1000 Ib less
TEDx Talks &
117 kvues +ilyas a;f\emp paper - Hemp paper requires less ‘dirty’ bleaching and gives more

fiber/ha*y than wood pulp

' , 0
Green Hope: Hemp to the (|nStead

d)

try WOO

Rescue | Laura Rothgang |... foresS y Hempcrete. N

TEDx Talks . - . . . .
ke 9 1 an - the healthiest building material, anti-fungal, anti-bacterial

thermal and insulation properties off the hook

Building with hemp | Joni Lane | _ .
TEDxCﬁarlottesviI:)e Hempcrete an architech dream come true!

TEDx Talks @ (rather than
| 125k vues +ilya9ans gypsum/drywall)

Detoxifies soil!

- Binds up to 4 times MORE CO, than trees
Hemp as a Crop | Frances Tacy |

TEDxAsheville Hem - The World’s most
TEDX Talks @ y P fabrj - Unlike plastic, it can biodegrade  nutrient-dense seed

1TKvues *ilyabans




H em p i Na l l t h i S ? - The only crop that Feeds, Clothes, Shelthers, and Heals!

- All parts of the plant can be used!
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Opinions and Black Boxes

Much of green work is based on opinions and feel good

Much is rooted in Life Cycle Analysis work

“It is obvious that by doing X we can help solve Y”

This is good, in principle, because it is fact based

Clearly there have been many excellent LCAs that have helped a lot

But LCAs are mostly black boxes that most of us cannot usefully query

And they can tip one way or the other via some sensitive inputs that most of us are unaware of
» Which means that some LCAs have been tweaked to give the desired answer ...

* ... sometimes under intense political pressure

» And there is no way the rest of us can intelligently check for sensitivities



LCAs are needed to judge of the environmental
performance of a future investment, but...
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Science of the Total Environment 770 (2021) 144656

Contents lists available at ScienceDirect

Science of the Total Environment

Why do we (unfortunately) get
Contrasti ng resu lts? journal homepage: www.elsevier.com/locate/scitotenv

Review

Review of life cycle assessments of lignin and derived products:

1 . Handling mUItifunCtionality Lessons learned Q"
2 . L-i gni n _f -i rst or w aSt e f rom Christian Moretti **, Blanca Corona ?, Ric Hoefnagels ?, Iris Vural-Giirsel ®,

Richard Gosselink ”, Martin Junginger *

4 Utrecht University, Copernicus Institute of Sustainable Development, Utrecht, Netherlands

p u lp p ro d u Cti o n 7 o La n d - " Wageningen Food & Biobased Research, Wageningen, the Netherlands
[ ] [ ]
de endant biomass or not HIGHLIGHTS GRAPHICAL ABSTRACT
p ( ) « Afirst review of peer-reviewed LCAs of —
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Anatomy of an LCA

13
More than just the desired product?
Biomass :
n feedstock . Processing > Desired product
production hase
(or not) P > Co-product

Mass, 31%

Enlargement, 2% Energy, 13%
Marginal, 4%

Fig. 4. Summary of the adopted multifunctionality practices in the selected 42 LCAs.




Anatomy of an LCA

14

More than just the desired product? ISO 14044 says that allocation
should be avoided whenever possible, by system expansion

Biomass _
n { feedstock J . [ Processing J > Desired product
production hase
P > Co-product

(or not)

Used /
processed in a
certain way

! ! l
i supplier of i
| service X !

—————————————————

——————————————————————

f service X




Anatomy of an LCA
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Type of biomass.
(1): NOT land-dependant

Residual biomass Processing > Desired product
(e.g. lignin from — phase
pulp production) > Co-product
Used /
processed in a
certain way
g' Conventional ~E l
i supplier of i

service X f service X

—————————————————




Anatomy of an LCA
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Type of biomass.
(1): NOT land-dependant

n Residual biomass [ Processing J > Desired product

(e.g. lignin from hase
pulp production) P » Co-product

? |

—————————————————————

! Used / Voo ~ Supply of service Y
| processedina | T

. certainway
------------------ Induced
production of Y

_—_———




Anatomy of an LCA

Type of biomass.
(1): NOT land-dependant

Residual biomass
(e.g. lignin from —
pulp production)

A

————————————————————

! Used/  } ————————~
i processedina i
i certainway

Concept of the counterfactual uses
(or opportunity cost). You always
mobilize your resource at the
expense of something else!

Processing
phase

» Co-product

l

» Supply of service Y

T

Induced

production of Y

» Desired product

17



Anatomy of an LCA
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Type of biomass.

(2): Land-dependant. Grown on purpose

u fl:;odrgtz;scsk . Processing » Desired product
. production phase

» Co-product
(ha)

|

————————————————————

Formeruseof - ———————_ . Supply of crop/woody
the land i biomass T

Induced
production of
‘displaced crop’

R —




Anatomy of an LCA
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Type of biomass (Indirect) Land use change is
. inevitable

(2): Land-dependant. Grown on purpose

u fE;odrgtz;sCsk . Processing » Desired product
- production phase Co-product

>
(ha)

————————————————————

J' Formeruseof |- ———————— ~ Supply of crop/woody
. theland ! biomass T

————————————————————

Induced
production of
‘displaced crop’




Anatomy of an LCA
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Accounting for biogenic C

« Biogenic: carbon from biomass and its transformation
 There is accounting for carbon flows (inventory - LCl)
« ..and accounting for carbon impacts (impact assessment - LCIA)

« Different combinations give the same result, for example:

Negative input of -10 kg “Carbon dioxide, fossil” (carbon uptake) ...

...and positive characterisation factor (+1 kg CO,e / kg CO,fossil)

Positive input of +10 kg “Carbon dioxide, biogenic” (carbon uptake)

... and negative characterisation factor (-1 kg CO,e / kg CO,biogenic)

Give same result of -10 k
Credit: M. Pizzol (2024) n et al. (2023).




Accounting biogenic C

21

C releaseT
A

‘ ( Co §<
-products 4

Approach: 0/0 : Absorbed and released CO, with CF = 0 kg CO,e/kg CO,. Induced sequestration
with a flux accounted as minus (and positive CF = +1)

Issues:

— Induce the idea that there are no climate effects from the use of biomass

— Important CO, flows invisible in results (thus also for decision-making)

— Mass balance distorted when C emitted back as CH,, CO, etc. (not necessarily re-absorbed by plants)

— Temporary storage when biomass is harvested but not ‘emitted’ immediately is not reflected

R —




Accounting biogenic C
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C releaseI
A

( Co- §(
q products :

C

seq <«

Approach: -1/+1 : Uptake from the atmosphere accounted as negative (e.g. negative
inventory flow and positive CF), and vice-versa for release. Only net flows are accounted

(so sequestration not assigned a flow).

Issues:

— Calculation potentially more difficult

— Eventual misinterpretation of results (C-negative products) because of system boundary inconsistencies in
cradle-to-gate

R —




Accounting biogenic C (and C dynamic)

23

. “ Funded by the
ALIGNED recommendations ey < =

Harmonizing climate change midpoint scores estimations
ALIGNED recommendations - baseline

« System boundaries: implement cradle-to-grave
* Inventory phase: document and report separately all biogenic and non-biogenic carbon flows
* Climate impact scores:
* compute at least two indicators: short-term and long-term effects
* implementthe -1/+1 approach -biogenic carbon flows always accounted-
* analyze at least the “total” indicators -including contribution of both biogenic and non biogenic flows-
* atleastinclude time effects with provided Tiered approach

Hamelin, L., Javourez, U., & Arbault, D. (2024). ALIGNED D1.2 Description of scientific methods (T1.3 Framework for Life Cycle
Impact Assessment) (1.1). Zenodo. https://doi.org/10.5281/zenodo0.11126481



https://doi.org/10.5281/zenodo.11126481
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Hemp case study on
‘C-vulnerable’ lands

Science of the Total Environment 846 (2022) 157331

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

From hemp grown on carbon-vulnerable lands to long-lasting bio-based
products: Uncovering trade-offs between overall environmental impacts,
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Functional unit: Annual management of 1ha CV land
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Scenarios

% Hemp case study, Functional unit; 1 ha CV-land, 1 year.
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Contribution analysis, climate change
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Other impacts (selected)
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Accounting for GHG in time ...

IB: 40y
CP:12y

Assuming hemp cultivation for 100 y, with subsequent Hempcrete: 100 y

products use
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Global mean temperature change in time
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Fig. 5. Dynamic global mean temperature change (GMTC) resulting from the biogenic (bio) and non-biogenic (non-bio) flows for the SL, IB, and CP scenarios
and the sensitivity CP sub-scenarios, where electric mobility is considered from 2040 with 42% photovoltaic in the electricity mix (ELE) biogenic: related
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Some take home messages from this case
study
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« Beware where you grow it! It’s not just SOC changes, but land use
changes. Here, +16y for a net negative climate effect [= decreasing global
surface temperature] compensating these!

« What you will replace from the ‘fossil economy’ is what matters most for
the environmental performance. Target such applications! Related to 1ha,
products appeared to matter more than food (oil) / feed (meal)

« Next steps: Scaling up to a country, in terms of land available, products
demanded, and other options (e.g. residual biomass). In a low fossil C
economy, how much of the land should we dedicate to hemp, and to
produce what, so we have the best environmental performance?

_—_———




Take home messages from this presentation
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LCA done right matters! ALIGNED project provides useful recommendations
in that respect for bio-based products LCAs. Also to address the impact of
GHGs in time.

Accounting for biogenic C, and doing so in time matters for hemp products

Several products?: track them all, don’t make any disappear based on
arbitrary, virtual rules

We are not quite ready on supplying useful input on the biomass/land
competition issues at scale (but getting there)

« Whatever can be done without C should be done without (i.e. what can be

electrified). But not possible for all services _
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