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Introduction

From a microbiological
point of view, what
happens in soil when
bioactive compounds , , :
leach from plan’rs into Y es wose mom moeme moemc mso Beniko leaves : 55 mg-g?

Content (mg/g DM)

mCBL mCBC mCBD mDS-THC mD8-THC mCBG

soil ? (Sum of CBL, CBC, CBD,
A9-THC, A8-THC, CBG)

55,6

~, ¢ Mulch for cr‘ozsf

Content (mg/g DM)
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Material and method

Hemp sample : Autopower (Seeding on May 16 2024 -
Greenhouse transplantation on June 6 -
12 2024 - Sampling on August 7 2024)

UNIVERSEEL
UNIVERSEL

A UB] COMPO SANA as soil

Biolog EcoPlate™ (31 carbon T 1 | 2 | s a

N f3-Methyl D- D-Galactonic .
sources repeated 3 times by A Water etV ialactonic  Larginine
Piruvic Acid D-Galacturonic X
plaTe) B Methyl Ester D-Xylose Acid L-Asparagine
122 Elade oo By Tl 0. 103440 292 C Tween 40 i-Erythritol 2—Hy£jrox3f L-Phenylalanine
® YO ] s e ® @ Benzoic Acid
s =
\ W . . 4-Hydroxy o
Bl « ® 8|8 ¢« ®wlls v @ D Tween 80 D-Mannitol Benzoic Acid L-Serine
cle {8 : 5 . v . - o
% N R R E aCyclodemrin  NACSWID: yAminoButyie y qy o Amines and amids
ple @ » B[|v ® » ¥|ls® e ¢ Glucosamine Acid
N
Y v : ; D-Glucosaminic aeq  PB-HydroxyGlycyl- Amino acids
E B . «flvmw .
b L ; L e F Glycogen Acid faconicAcld | <itamic Acid
& - - - .
N ’ ) Glucose 1- a-Keto Butyric Phenylethyl- Carbohvdrates
clm® » u[m's 5 ta .t G EEslbhicss Phosphate Acid amine Yy
Hi S . 5 D.L-a-Glycerol o Aci - Carboxylic acids
RO1 RO2 RO03 H o-D-Lactose e D-Malic Acid Putrescine y

Polymers
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Material and method

Extraction
Ultrasonic - EtOH
Soil Fresh flowers l —— Extract Activated silica
]

Flowers after extraction Fixed on activated silica

Drying step — 1 hour at 60°C

+ Soil B + Soil + Soil
9:1 9:1 9:1
I
T

" Incubation - 5 days at 22°C

Micro-organisms Biolog o 0 Microplates reading (595
extraction EcoPlate™ ~~ Lncubation-66 P:qur's ar 22°¢ —~ nm)
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Results Data treatment

A — Ay
Absorbance data (595 nm) — AWCDwel maex = 31
S e Graphical classification
s —~ AWCD Well index —— P
B|& =~ & Q
b Principal component analysis
G|®& & »
38 Average Well Color

> Development

(AWCD)
* A, individual absorbance o1 A — A,
AWCD = Z
= 31
1=

* Ay minimum absorbance (Al:H4)

Ao : choose minimum absorbance (A1:H4) instead of
water absorbance (AO) to avoid negative values
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Results

AWCD of each plate (3
replicates by plate)

T1
T2

TCE1
TCE2
TSE1
TSE2
Ts1
152

RO1 R02 RO3
0,427 0,476 0,401

-
0,424 0,430

0527 0,480
0488 0534 0,505
0441 048 0421
. 05%6 0507 0516
0547 0568 0,539
0526 0444 0470 |

T (Soil)

TC (Soil+ Flowers)

TCE (Soil + Flowers after extraction)
TSE (Soil + Silica + Extract)

TS (Soil + Silica)

One Way ANOVA and Tukey HSD test

TC

TCE

Are the results the

TC

TCE

TSE

TS

Confidenceintervals for the averages

0.0 0.2
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____________________________________________________________ AWCD Well index — Graphical view
........................................ Plate 01 - 3 r'eEllccn‘es

] D-Cellobiose  4mm | [EENELEEIE
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_____________ B-Methyl D-Glucoside <mm] -
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________ D-Galactonic Acidy-Lactone | . NSNS

D-Galacturonic Acid  <mmm [ 09

ek = - :|:l:|:|: |.-.

4-Hydroxy Benzoic Acid . 05

__ laconicAcid 4] A -- - H-

. . 3
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0
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D-MalicAcid |
_______________________ L-Arginine |
L-Asparagine id
__________________ L-Phenylalanine |~
MWMWMMMEM Soil + Flowers Soil + Flowers  Soil + Silica + Soil + Silica Soil
... LThreonine 4mm after extraction  Extract
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Results AWCD Well index - PCA

T:soil Projection similar to that

TC : soil + hemp

CE : soil + hemp (after obtained for the AWCD

extraction)

@®TCE2R2

4 -
®TCE2R1 TSK: soil + silica + hemp
TSETR1 extract
- G 03 TS : sl + silica - "Soil + Flowers" group perfectly
TSE1Ha roup isolated
TSE2R} 'ngETstEsz "
2 - "Soil" group isolated from "Soil

+ Activated Silica”, "Soil + Silica

@ TSE2R1 .o
+ Extract” and "Soil + Flowers

g
®T1R .
5 oT2R2 after extraction” groups
~
g - .T;Ijm - Two groups for “Soil + Flowers

after extraction”. Possible
explanation : incomplete
extraction for the second
flower

L Group 02

TS2R1@
Ts2R:¥ S52R?

TS1R3
®T1R2

Group 01

®TCE1R2

®TC2R1
®TC2R3

®TC2R2

TS1R1

- However, the "Soil +Silica +
Extract” group is different
from the other groups

@®TCE1R3

TCE1R1@ " I91R2

| I I I
1 -2 2 4 6 8
PC 1 (42,0 %)
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And if we go back to the field ...

Grass has been sown throughout the field. And to
date, the grower has not noticed anything special in
terms of grass growth (intensity, density, colouring,
etc.) in the area corresponding to the CBD hemp crop
compared to the rest of the field.

However, if we look at the data obtained by
satellite (https://viewer.terrascope.be/) ...
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https://viewer.terrascope.be/

And if we go back to the field ...

Sentinel2 LAT filter (quantifies the area of Sentinel2 FAPAR filter (quantifies
green leaves per m?) photosynthetic activity)
{Lr 8.00 r:
s I . I
e . . — o, T
- 1.00 £ q 020
ol == R

July 15th 2024 May 5th 2024
X ‘ ‘ 1 ' 3.00

t

September 21st 2024 ~ September 1st 2024
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Conclusions and perspectives

Conclusions

- Effective effect of hemp inflorescence bioactive compounds on soil microbiology :
intensification of total carbon source consumption, demonstrated using Biolog
Ecoplate ™:;

- Effect demonstrated in the field using satellite imagery : after 10 months, leaf
density is still lower, and photosynthetic activity is lower than in the rest of the plot

And into the future ...

- ldentification of the groups of micro-organisms and the mechanisms involved :
selection by the addition of a particular metabolite, elimination by the bactericidal
action of the compounds present, ...

- Monitoring of the cultivated land under real conditions : microbiological balance,
influence of the type of soil, ...
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be@t in a nutshell
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industrial symbiosijg
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textile \

structures

From nature, In a
sustainable and circular

way, to people.
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b

agro-industrial waste
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natural fibres
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recycle
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(9 biomaterials Hemp Cultivation

Objective:

Development and Study of Hemp L
Crops: Guimaraes,
pS. North of
- Different Varieties Portugal

- Analyses of Agricultural Conditions:
Yield, Resistance, Water Consumption
- Impact of Geographical Environments:
Soil and Climate Conditions
Beja,

South of Portugal

Location of be@t Cultivation Trials

Funded by
tha Eurapean Union
[T

citeve FUNDO REPUBLICA
L’! TEXTILE TECHNOLOGY ‘.@Bloeconomla +MBENTAL OPRR‘ P PORTUGUESA

23



Production of
Nonwovens
and
Biocomposites

_ Breaking and
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Scutching . Cotton Spinning
Spinning
system system
Bl
(Blended yarns) (Blended yarns)
Hackling
Wet spinning J
ﬁOO% hemp) / Production of
Apparel, Home
Drawing ——Jp Roving inishing ) Textiles and
Technical
Pie-treatment Applications

an
Semi-Wet spinning

p Production of
Biocomposites

N
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Cottonization

Mechanical Cottonization of Hemp Fibres

Biological Treatment of Hemp Fibres

Y

& .4 ;Enzyme y %
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(9 biomaterials Main challenges

Main challenges

Limitations of knowledge about hemp cultivation and fibres extraction
process and involved machinery

Lack of communication between the different players in hemp value-
chain

Minimizing the variables of all process mainly in Retting process

Lack of Life Cycle Assessment (LCA) studies of hemp value-chain
(from field to final products)

nstra@ts=ine bkessingoRtin@® Hire M different textiles products

(yarns, textile structures, biocomposites, etc.)

29



(9 biomaterials Oportunities/Future

Opportunities for Hemp’s Futures

- Sustainability continues to grow as a major priority

- New Projects of R&D to respond to certain bottlenecks

.l'
o

- Development of new hemp-dedicated processes

- Increase in cultivated area, and recovery of lost knowledge,
through training programs

Possibility of obtaining seeds and fibres from the same plant

citeve FUNDO REPUBLICA Funded by
t’-, Aam ez ‘.@B“’e“’mw“ —AMBIENTAL PRR ? PORTUGUESA e Erepean on
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Context, issue & objectives

- Additive manufacturing (AM) (= 3D printing) Print head
* Geometric freedom

Depositing layer
l Deposited layer

v

* Fast production for small series

s

- But diminished properties compared to conventionally manufactured parts!?

<+ N

Build plate
- Materials development needs

* Higher mechanical performance
* Eco-friendly materials (reinforcement + matrix)

‘ "Prir')terhead
- Technological locks: Impregnation quality
* Pre-impregnation with thermoset

Heater

N\_Nozzle

Hot table

. . o Non-eco-friendly
* Commingling of untwisted and smooth synthetic fibers?

7~ p
What do we want?

Developing new plant-based yarns using available and
eco-friendly fibers, adapted to the AM of continuous-

reinforced biocomposites, having effective impregnation.
\ J
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ICarneiro et al. (2015). Materials & Design, 83(15), 768-776
2Zhuo et al. (2022). Composites Science and Technology, 221, 109341




Methodology

- Hybrid yarn commingling Hybrid hemp/PLA commingled

Hollow spindle and wrapped yarn

3 hemp slivers Draw frame . machine , " '
\ > Hybrid hemp/PLA > — — - —
3 PLAsli . > sliver + PLA multifilament = - n 7 - -
slivers (Gills) = . = = m— “
/ 7 7 7 7 /
o / i 7 i

- —]
___________________________ ] Matrix filaments Wrapp;;; filaments Reinforcing filameants g
- Additive manufacturing by continuous yarn coating : 5'
l_
PLA Yarn + PLA - 95 , | Properties Hemp yarn Hybrid yarn =
S NS HE R ERRLHA L ' | Linear density 316 + 4 tex 557 + 16 tex o
AR REEE AR AR | Twist level 39+2tpm 200+ 2tpm = §
CAREER LRI EA AR Rk | Hemp volume fraction 100% 39% (] :I>

1 i i i I 1 A
AR TR | S o
! ] I i1 I I e o o e —— —— 2 >
R ER e C ARt ERARE — 2
3DP AEREE R T ==
of LDl ol [l ] 200 o —
200 | ({01001 ) > 5 S
1 I I i i 1 v
TR EE Cutting . 140 5o
1 i i i i 1 v I ;
L0 P — ! ¢ ' ! 15 9 =
REC Rt E AR A ek ' : x S 2
AE RN R . =5

AR >0
x cc e AR AR ek
Yarn-reinforced composite L vy i :i :i :i ii : Ginoux et al. (2023). Additive Manufacturing, 66, 103471

(YRC)

*‘?‘* Paux et al. (2023). Additive Manufacturing, 76, 103760




Methodology

- Characterization

Hemp YRC Hybrid YRC

Solubilization Filtration

Tomography Chemical extraction ——————
o
D
|
| } X
. . =
PLA mass fraction Hemp mass fraction =
i G)
i e l l Em——————— Conversion from densities _ <
e v g %
_ pp X (1-®,y) =
. . . . vE T e+ pp/ OmE — P s
Void volume fraction PLA volume fraction Hemp volume fraction P PEISmE — FF =
qbv,P =1- (DV,F - (pv,V — 2
£ E
S —
. 23
Formulation control =5
v O
) 200 . ) 23
= =
140 o 2
< > 2 X

Tensile characterization

Materials-structure-properties
relationships

A 4
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- Mechanical performance Results & discussion

Properties Hemp YRC Hybrid YRC

E, (GPa) 9.6+0.5 15.2+0.7

E, (GPa) 5.7+0.2 8.2+0.2

140 : o, (MPa) 122 +3 137 +7
Hemp YRC _\;_ £, (%) 2.2+0.1 1.4+0.1 =
120 b Hybrid YRC /J" . - " i S
S T :
/ - - - o
100 P D ( A =
" : ©
= /! /f“f : : Hemp — hybrid YRC: _s
S 80 Yoy : s From pseudo-ductile to fragile behavior S <
% 60 E2 /'/ S / E E 4 g =
& yd // Elasti Plasti - Early and neat transition from E, to E,: 0° alighement + s E)
e as I,C . as I_C : N fiber/fiber interactions and 7 fiber/matrix interactions EE
40 + / domain . domain . 5 =
/ - - . . . * S
, , . . - Around 50% increase in stiffness g%
s Stick-slip . . ) ) ) ] o D
20 ;'.-!"'.r‘./ mechanismd? . If considered without void: scaling factor K = 1/(1 — @,,,) ; %
/'/ : E; Around 30% increase in stiffness while having 20% less fiber g =
Fue - . =<

D || || 1 1 1 |
0 0.5 1 1.5 2 2.5 - Sharp rupture: crack propagation from matrix to fibers
Strain (%)
A\ 4

1Shah (2016). Composites Part A: Applied Science and Manufacturing, 83, 160-168




Conclusion & perspectives

- Hybrid vegetal fibers/thermoplastic fibers commingling for continuous AM of biocomposites

In summary

-'j Quality improvement > Mechanical performance improvement

» 7 aligned fibers » Stiffer and more resistant material
» YN void volume fraction » Matrix/fiber interface > fiber content
» 7 fiber/matrix interactions

7 impregnation -[

’ ?
. What’s next:

. Development of new hybrid yarns for continuous AM
— Use of less brittle thermoplastic to improve ¢, and o,
— Study on yarn manufacturing parameters to better adapt to the AM process
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ABSTRACT

This work clarifies the key concepts of
domestic Cannabis cultivation at high
altitudes (1600 m) in the Rif mountains. of
Morocco.

It addresses the question of future value
creation of this resource, legalized in 2024,
almost three years after the new Cannabis
Law 13-21 came into force.

The new panorama places the historic
farming region of “Beldiya” hemp in a
vanguard position, that inspires the
enhancement of its environmental and
cultural potential, with corrective projects
that are based on its own polyvalent
resource.

“ETIOLOGIC ARCHITECTURE” refers here to
the analysis of the causes, origins, or
reasons behind the disturbance that need a
constructive answer.
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Etiologic architecture with Moroccan landrace hemp,
restoring socio-cultural and agro-industrial scenarios
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DAR AL KIF, hemp house built with materials, derived from Morrocan Landrace stem (2023)
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INTRODUCTION (1) -
The preservation of the landrace, adapted to its physical and biological
environment, advocates restoration of balance and stability in its historical farming
region that has depended on the controversial illicit production of Cannabis for
decades. This activity has had serious consequences for the environment, human
progress and socio political inclusion of the region. , ;
In addition, the one-sided, illicit exploration of Beldiya has created important
quantities of left-overs [Brimmer et al., 2018], and hindered the development of
agro-industrial projects that valorize the wasted material [Pacaphol and Aht-Ong,
2017]. Collecting and identifying the potential of landrace hemp and promoting its

. i s historical anchoring is a challenge [Clarke and Merlin, 2016], but iniciates its
e _ b {-LIGIIE  protection as a designation of origin to economically, environmentally and culturally.
metéorologie NI ERUT region in question [Chouvy, 2023] and restore the associated:
AL ecosystems.
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Sunimplant

Landrace Hemp House
Solar Decathlon Africa

(2019)

INTRODUCTION (2)
Spite  of Morocco’s

commitment to
Marrakech and Paris agreements, training
and promotion is crucial in the country to
build expertise in building solutions that
contribute to mitigate climate change
[Mgha:li et al., 2024].

Our~ first landracee hemp building
SUNIMPLANT at the competition of Solar
Decathlon in Africa, held 2019 in Morocco,
was approaching not only a Net Zero Energy
goal based on operational energy but also
ensured that the building was optimized in
terms of design and materials for reduced
consumption.

The multiporous and vapor active hemp-
earth envelope has proven a dynamic
performance under South Moroccan
summer conditions, showing a time lag of 9
hours [Es-sakali et al., 2023], damping
temperatures 5 hours longer than a
reference building at the same platform.

Landrace Hemp House “DAR AL KIF” (hlstor/c farming region) Issaguen/Morocco (2023) 2 ~

OBJECTIVES

e Creation of a landrace hemp
house its farming territory of origin
that correlates regenerative and
energy saving, as well as locally
inspired design strategies, there
included the full valorisation of
yield of GACP certified Cannabis,
to identify its suitability as a
building material or versatile
resource.

® Propagation of locally inspired
agro-industrial solutions for
comfortable housing by inclusion
of the indigenous farming society
in the building process.
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LANDRACE YIELD % generating METHODOLOGY
(dry material, female plants)  income DESIGN APPROACH
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AUTONOMY OF SPACE, NATURAL LIGHTING AND EXPOSURE TO SUNLIGHT DAYLIGHT AUTONOMY

2 PQINTS - 55% point per area of floor with lighting ™
(LEED v4 Building Design and Construction)
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~RESULTS (1)

The de5|gn has been =
organized meeting criteria of

'LEED for natural Ilghtmg,
_exposure to sunlight (under
“winter and summer

- conditions) and dayllght

autonomy. y

Two cross ventilated areas
have been created, one
private and cooler, the other

entering into dialogue with

the panorama of the
surrounding landscape.



Benchmark Comparison Building Orientation Lighting Efficency PIQg Load Efficency Wall Construction
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RESULTS (2) . PV - Panel Efficency Payback Limit PV - Surface Cuverage :
With help of the g §” |§°
beforementioned design LI i £
modeling tools, building
orientation, lighting efficiency ’ " X -
and wall construction were ®
compared with alternative ® = ° * ® ®
solutions and optimized “° # W
according to ASHRAE standards,  _ . "
using exclusively natural "N
ventilation. The graphics also 'm_ =
show PV panel efficiency, Solar study
coverage and payback limit, w7 (with accumulated
based on a solar study that y data of 2010), —
takes into account the a- expressed in kWh/m2
accumulated insolation in of the hemp house -
kWh/m2 during one year in DAR AL KIF

Ketama (Morocco). 7 —
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EXTERNAL RH
“DAR AL KIF”
(July 2024)

INTERNAL RH =
“DAR AL KIF” ,RESU LTS (3)

B 208 Landrace Hemp House “DAR AL KIF” int. /ext RHandT
under Summer conditions 2024
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CONCLUSIONS i :
The landrace hemp house DAR AL KIF created a gateway to break down the barriers that prevent the inclusion of the rural population into the
regenerative progress of their environment, into contemporary comfort conditions and into economic growth, valorising on the full resource of GACP
certified Cannabis without creating agricultural waste. We have seen that the proposed energetic configuration with modern design tools in
combination with the physical properties of landrace agro-resources is a energy-efficient option to build or restore houses in the upper Central Rif.
This practice avoids the import of materials into remote African regions and the burning of more than 2 tons of dry stems per hectar, so that the CO2
metabolized by the plants is not released into the atmosphere, but retained in the building envelope. The proposed solution allows the rural population
to improve their performance through healthy living and protects their water retaining cedar forest due to a low operative energy consumption.

Etiologic architecture with Moroccan landrace hemp, restoring socio-cultural and agro-industrial scenarios
Monika Briimmer, Architect PhD.; CANNATEKTUM habitat and materials science, S.L. (Spain); CEDRUS SATIVUS Sarl (Morocco)
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Data Transparency Challenges in the Hemp Sector: Implications for Product
Development and Market Access

Jorg Miissig!”, Jonas Baumann', Asta Partanen®, Michael Carus®, Heike Blank® and Kay Kolzig®
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28199 Bremen, Germany
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Abstract:

In a rapidly evolving market landscape, new product development is a vital strategy for
companies aiming to stay competitive, innovate, and meet changing consumer demands,
especially within the biobased industry. The availability and cost of raw materials significantly
influence production capacity, market supply, and product pricing, making transparent data
essential for strategic planning and product innovation. While the cotton market sets an
exemplary standard for data transparency — offering comprehensive figures on cultivation areas,
prices, and market conditions — the hemp industry faces substantial challenges. This
presentation explores data availability in the European hemp sector, focusing on the
discrepancies in reported cultivation figures over recent years. Even among reputable sources,
considerable inconsistencies in data are observed, creating a fragmented picture of the market.
The difficulty in obtaining reliable information extends further, as figures on fibre and shives
quantities across specific market segments are largely unavailable. This lack of transparency
poses a significant challenge for companies and investors who struggle to navigate and make
informed decisions in an unclear market environment. Preliminary investigations conducted by
the authors reveal that this opaque market situation acts as a barrier for firms and funding
institutions considering investment m the hemp sector. The absence of a reliable and
comprehensive market study since the nova-Institute’s report over a decade ago underscores
the need for a new, updated analysis. To address this gap, the authors have initiated a new
market study to gather and provide reliable data to serve as a foundation for industry
development and growth. In this presentation, the authors will discuss the challenges and risks
associated with the current data landscape in the hemp industry. By comparing the situation to
the cotton market’s approach to data transparency, the presentation will illustrate the potential
benefits of having precise, accessible figures on cultivation, yield, and pricing. Furthermore,
the authors will present the methodology and objectives of their upcoming market study,
designed to create a more transparent, data-driven framework for companies, investors, and
stakeholders in the hemp industry. This presentation aims to highlight the importance of data
transparency as a catalyst for innovation, market access, and sustainable development in the
hemp sector. By improving data availability and reliability, the industry can foster a conducive
environment for investment, strategic planning, and the successful introduction of new hemp-
based products.
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important is the knowledge about the raw
material volumes and the market sizes for
the development of hemp products ?
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phases need to be considered 2

Product development process

New product development > m
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'O O'
Market | Prod 1 '{r'-/j
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generahm screening business d:;i'.:::;“ marketing entry L r{_{")ﬁ‘
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romga
(TechTarget, 20.24)

New product development is a vital strategy for companies aiming to stay competitive, innovate
and meet changing consumer demands, especially within the biobased industry.

Missigetal. [/ 20241119 / Data Transparency Challenges in the Hemp Sector ...
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WHAT time perlods should be considered 2
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HOW do funding organisationsreact to unknown
market sizes and unclear market developments ?

HOW do companiesreact to unknown market sizes and
unclear market developments ?

FHOW well organisedis the knowledge about the
natural fibre markets 2
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Production

STATISTICS

Season Beginning August 1

PRODUCTION
China

India

Brazil

United States
Pakistan
Australia
Turkiye

Other

Total

6,379
5,987
3,000
3,181
980
410
631
3.995

24,763

Cotton World Supply, Use, and Trade (1,000 MT)
2020/21

2021/22

5813
5,291
2,356
3,815
1,306
1,274

827
4214

24,896

2022/23

6,695
5,726
2,552
3,150

849
1263
1,067
4,055

25,357

2023/24

5,955
5617
3172
2,627
1,524
1,089
697
4,066
24,747

BREMEN COTTON REPORT

WHAT positive examples exist in natural fibres 2

HSB

Sep oct
2024/25 2024/25
6,053 6,140
5225 5,225
3,636 3,658
3160 309
1,261 1,261
1,089 1,089
871 871
4073 4.080
25,348 25,395

(October 2024)
Missigetal. / 2024-11-19 / Data Transparency Challengesinthe Hemp Sector 7
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WHY is there such a confusion in hemp data 2
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WIHY is there such a confusion in hemp data P
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¥HY is there such a confusion in hemp data ?

Estimated value
B Official figure

M7 2018 0 2001 2022

019 2020

Area of hemp harvested annually in ha
Annual hemp production in t

¢ FAO data: Cultivation area in ha harvested vs hemp production in tonnes in Europe. (FAD, 2024)
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WHY is there such a confusion of hemp terms 2

Schnegelsberg shows in his work that there are more than | 3 = o
60 misleading trade names of bast and leaf fibres that| %%
contain the term ‘hemp’ but have nothing in common with
the fibre hemp Cannabis sativa L..

1§
§

il

it

Abacd hemp (Manila
hemp) misleading name

for abaca fibres from the
leaves of the plant Musa

textilis NEE.
C> List of polysemous uses of the term ‘hemp’ in bast & leaf fibres. (Schnegelsberg, 1996, 5. 209 - 210}
Missigetal. [/ 20241119 / Data Transparency Challenges in the Hemp Sector ... 11
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(nova, 2008)
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WEHICH market studies exist ?

8%
1% .
1%
1%
12% B Pulp .
= Insulation
Composites
Horticulture

= Growingfelts

Horsebedding

® Animal bedding 61%
Construction
6% Horticulture 9%
W Boards
(nova, 2008) = Energy (nova, 2008)
Sales markets for hemp fibres of all hemp t$ Sales markets for hemp shives in the EU
producers in the EU in percent in 2006. in per centin 2006
Missigetal. [/ 20241119 / Data Transparency Challenges in the Hemp Sector ... 13
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WHICHE new products have reached the market?

_ ' 3 Bcomp
GREENBOATS 1, i o .

ﬁThermoset composites made of flax fibres for outdoor applications.
Mussigetal. / 20 1-18 / Data Transparency Challengesin the Hemp Sector ... 14
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Die Senatorin fur Klimaschutz, Frele \’Q
Umwelt, Mobilitat, Stadtentwicklung %:, Hansestadt
und Wohnungsbau Bremen

Hochachule Bremen

Sustainable, CO,-optimised lightweight comsoninn o gwm
) ) ) . Ir\v:::‘l::h:\';:::f;:’ ukunit ".-"v“"
composites for mobile applications mwmims:;;m»« & GREENBOATS
N P il
’/ 1 \\ - -

E,'> Sales trailer & off-road camper made of
natural fibre sandwich composites.

Eﬁ> Transferfrom natural fibre to composite.

Mussigetal. / 2024-11-19 / DataTransparency Challengesinthe Hemp Sector ... 15
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\
¢

to obtain reliable data 2

HO

A/ can you participate?

¢ Market study on the natural fibre industry in Germany and Europe.

Missigetal. [/ 20241119 / Data Transparency Challenges in the Hemp Sector ... 16




NF market study - 2024

NF market study - TEAM
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Research to Support the Hemp Industry
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Sustainably Incorporating Hemp Biobased Economy

iInto Western U.S. Regional Rural and Tribal Lands
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Partnerships with:

Oregon State University, UC Davis and
Univ. of Nevada Reno, Tribal Nations

Building a foundation for a vibrant
hemp industry in the Western USA.

Industrial hemp grown for 4 “F’s:

Two large USDA-NIFA SAS Grants

Fiber
Food
Fuel
“Farmacy”

LCMEL

Institute of Biological Chemistry

Laboratory for Cellular Metabolism and Engineering



Hemp Value Chain Development,
Production, and Utilization

Commercial grain, fiber, and essential oil hemp materials evaluated
v

Genetic pool developed for diverse end-use evaluation

Harvest Grain Plants Oil Plants Fiber Plants

Intermediate -ili- Pressing/Crushing Jg%m Decortlcatlng
processing Useable

Primar Shell § oOil | Essential O|I Post-extract Bast Flber
materla S Compounds -
Food Flour Food Food Livestock feed Fiber board
Fuel Beer Pharmaceuticals  Plant-based Compost ¢
Endd- ¢ Paint Feed Nutraceuticals protein Mortar
roauc Adhesives  Chem Flavors Paper filler line) Fiber
P uses Personal Aromas AbSorbant Cordage Cordage ( .
- : bedding bagging Pulp Fabric
care Biologicals Chemical c . lati
products EEE Fiber board Recycling Insu atl_on
Plastics additive Carpeting
Paints Paneling
Sealants Graphene
Batteries

|Genetic materials evaluated for end-uses quality/anti-quality characteristics

Q OSU Forest Products
OSU Seed Laboratory . .

D. Fiber aspect ratio
A. Plant female/male expression |Genet|c materials identified with superior end-use tralts| E. Cellulose crystallinity
Washington State University

. iy Q Q Q F. Bast-to-Hurd ratio
B. Seed oil composition ARS Cotton Fiber Engineering

¢ seed p_rote.in content Food and feed Aromas, flavors, advarﬁlcbeeJ r%rga(%erials G. Fiber length distribution
J- Essentialoils nutraceuticals, and H. Fiber fineness
pharmaceuticals . Fiber strength

WASHINGTON STATE
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USDA-SAC Diversity Trials —
Rebuilding the NPGS Hemp Collection

WASHINGTON STATE

@ UNIVERSITY - LCME

Institute of Biological Chemistry



Varieties Vary Widely in Composition:
Seed Lipids

FattynAgichiCoRmaaiion

100 =g s o=mm | === o o==m oo oemn| e peew o oo | e || e

Mol% of total fatty acid

© & ,{b VR AT SR D o
O C) A OV AN ‘b &S
Q‘ ‘b((’/\\q’ Rty

mm C160mm C180 mm C18:;1 mm C18:2 mm C18:3n6 C18:3n3 mm C18:4 mmm minor FA

Oleic acid, Linoleic acid and Gamma Linolenic acid, Linolenic acid
and stearidonic acid showed major changes among the varieties.

WASHINGTON STATE
UNIVERSITY LCME

Laboratory for Cellular Metabolism and Engineering

Institute of Biological Chemistry



DOE Project — Biochar and Hemp in Crop Rotations

Resources

End of life

Material
processing

©
®

Product
manufacturing

Distribution

e

WASHINGTON STATE |
¥ UNIVERSITY US DOE EERE RACIPAC Program LCME

Institute of Biological Chemistry Laboratory for Cellular Metabolism and



WASHINGTON STATE
UNIVERSITY

Mol

Areas of study and field trials
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Life Cycle Assessment
System Boundany — Béechatandk Soamanos(fEiochae)

Functional unit: 1 tonne of hemp

System Boundary: “Cradle-to-Gate”

Inputs: Seeds, Raw materials, Herbicides, Biochar, Water (irrigation),
Diesel (machinery, transport), Electricity

Growing

Harvesting ot
er crops

4

Outputs: Wastewater, Waste, Machinery emissions, Field emissions (N,O), CO,, CH,,
black C emissions

WASHINGTON STATE

@ UNIVERSITY ILLCME

Institute of Biological Chemistry Laboratory for Cellular Metabolism and Engineering



Questions?

David Gang
gangd@wsu.edu

WASHINGTON STATE

@ UNIVERSITY LCME
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Mycelium based
materials for thermal
insulation
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Presentation of the laboratory
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General challenge of L
thermal insulation market : gisea=aas

Important need of thermal insulation : 70%
of accomodations in France have an energy
label inferior or equal to D

Need of environmental friendly solution :
Only 2% of external insulation is biobased

Need of high performance : current
biobased solutions have lower performance




Product life cycle

Disinfection

/ ' m?;atil::e \Inumlatinn
Farming of the
production gusbtrate
Composting
or Putting in
Méthanation mould
Use Mycelium

&' Drying the growing
material é/



The study at Inholland

Main question : How can thermal conductivity of
insulating mycelium-based panel for building be improved
by adding air cavities inside of it ?

Sub question:

Characterize of the material (Conductivity,
mechanical behavior)

Find the best cavity shape and pattern

Study the influence of the cavities on the
conductivity

Optimise conductivity and mechanical requirement
Research manufacturing solutions



The study at Inholland

Main results :
e Conductivity of Hemp/mycelium based materials :
* Regular production method : 45 mW/K / 100kg/m3
* |mproved production method : 42,5 mW/K.m / 80kg/m3
* Mechanical performance Hemp/mycelium based materials :
* Young's modulus of 2,88 MPa (at 2% strain)
* maximum tensile stress at 0.092 MPa.
Conclusion of the study:
* Promising theorical results
* Necessity to improve processes of fabrication ( repeatability &
insertion of cavities)
 Many challenges before industrialization



Hyphos project

/Muchroom substrate

e@

Clients : small market
gardener and muschroom
farms

/ Insulating panels \

Clients : thermal

Qnsulation installers /

-

Mycelium packaging: \

o W

Clients : Industries (parts to wedge :
mechanics, doors, windows...) &

leury (cosmetics, wines and spirity




What's next ?

Research continue
* Innovatie Lab develops production line for
mycomaterials in open source
e ESTP (Troyes) :
e 15 students working with mycelium to improve
comfort in building
 Recruitment of 1 student to explore 3D mycelium
printing
Hyphos :
* Incubation’s Jury around 10t December
 Goals : production of the first packaging in March
* Require 15 000 € to start in January
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Help me to make this
world better |

nholland

innovatielab z utt
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