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Objective

Advance the scientific and technical research needed to consolidate and expand
the market of hemp renewable materials

Specific objectives

* Understand the physiological and genetic basis of relevant hemp traits;
* Parameterisation and validation of a sophisticated crop model;
 Development of a high-throughput quality evaluation system;

* Genotypes with enhanced traits for diverse environments and use;

* Characterization of hemp varieties that are commercially available;

* Advances in agronomic practices;

* Design of a modular biorefinery, in which markets dictate the flow of raw
material;

* Integrated sustainability assessment with LCA & techno-economic
evaluation;

 Targeted dissemination and exploitation activities.



Flower

Pharmaceutical: THC, CBD

Seeds

for Oil (food) [l

as Feed

for Ol (feed,
cosmetics/health care)

Clothing Pulp & paper

Total: 11,500 metric tonnes Biocomposites

Insulation

Technical textiles

Shivs

nAnimal bedding (horses)  Others (fungi
ivation, incineration)

Total: 25,000 tonnes

Garden mulch

Construction

Leaves

Feed
Animal bedding Pharmaceutical
(other than horses) Tea & Infusions

Total: 43,000 tonnes

Products currently being researched
within MultiHemp

Other products to be developed:
Phytosterols and waxes (from fibre
processing dust).

Data from 2013, on 2010 harvest in Europe (EIHA 2013).
Available at:

Liquid biofuels (from hemp residual
biomass).

MultiHemp FIBRA

The MultiHemp pro 2 main target of the FIBRA project is to fink
genoty
cult
feedst C & wide oarray

oducts generated within tegrated biorefinery. o
for hittp://www.multihemp.eu, ™ e http://www.fibrafp7.net.

The MultiHe oject h e n has received funding from the
amework
chnalogical
and  demonstration

under grant ag No 311 agreement No. 311965
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Database - Models

»System level f ,»Product level“
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Database - Models
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Database - Models
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Preliminary results

® This figure shows the comparison of profits of the three
harvesting systems at the four fertilizer/yield scenarios.

® As prices for the co-products, 400 EUR/t for leaves (assuming

actual valorisation of 10% of the yield of leaves) and 700

an
EUR/t for seeds were used.
Profits of hemp cultivation at different straw prices
(Minimum fertilizer scenario)
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Preliminary results

® This figure shows the comparison of profits of the three
harvesting systems at the four fertilizer/yield scenarios.
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Preliminary results

® This figure shows the comparison of profits of the three
harvesting systems at the four fertilizer/yield scenarios.

® As prices for the co-products, 400 EUR/t for leaves (assuming

an  actual valorisation of 10% of the yield of leaves) and 700
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Preliminary results

® This figure shows the comparison of profits of the three
harvesting systems at the four fertilizer/yield scenarios.
® As prices for the co-products, 400 EUR/t for leaves (assuming

an  actual valorisation of 10% of the yield of leaves) and 700
EUR/t for seeds were used.
Profits of hemp cultivation at different straw prices
(Pig slurry scenario)
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Preliminary results

® This figure shows the breakdown of revenues at a straw price of
150 EUR/t and the different fertilizer scenarios.

Breakdown of revenues
(Minimum fertilizer scenario)
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Preliminary results

® This figure shows the breakdown of revenues at a straw price of
150 EUR/t and the different fertilizer scenarios.
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(Average fertilizer scenario)
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Preliminary results

® This figure shows the breakdown of revenues at a straw price of
150 EUR/t and the different fertilizer scenarios.
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Preliminary results

® This figure shows the comparison of profits of a small (1.5 t/h)
and large (4 t/h) total fibre line at different straw prices and
prices for the technical fibre.

Profits of a large and small fibre processing facility at different straw prices
(Price of technical fibre: 0.70 EUR/kQ)
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Preliminary results

® This figure shows the comparison of profits of a small (1.5 t/h)
and large (4 t/h) total fibre line at different straw prices and
prices for the technical fibre.

Profits of a large and small fibre processing facility at different straw prices

(Price of technical fibre: 0.80 EUR/kQ)
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Preliminary results

® This figure shows the comparison of profits of a small (1.5 t/h)
and large (4 t/h) total fibre line at different straw prices and
prices for the technical fibre.

Profits of a large and small fibre processing facility at different straw prices

(Price of technical fibre: 0.90 EUR/kQ)
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Preliminary results

® This figure shows the comparison of profits of a small (1.5 t/h)
and large (4 t/h) total fibre line at different straw prices and
prices for the technical fibre.

Profits of a large and small fibre processing facility at different straw prices
(Price of technical fibre: 1.00 EUR/KkQ)
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Conclusions

® A dual use of either seeds or leaves significantly improves the
economics of hemp cultivation.

® While both dual uses lead to similar results, the seed market is
much more stable and predictable compared to the current
market for leaves for CBD extraction.

® Larger fibre processing facilities are in general more profitable
than smaller ones.

® Larger processing facilities are able to produce technical fibres
at a competitive price of 0.80 EUR/kg (compared to prices for
kenaf of about 1.30 EUR/kg and for flax of about 1 EUR/kg),
given straw prices below 150 EUR/t.

® Such straw prices are likely to be achievable only in dual use
systems.
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Ecological implications:

Global Warming of hemp based insulation material

(1) Objective, Scope and Approach

(2) Global Warming of hemp cultivation and processing
(3) Global Warming of hemp based insulation material

(4) Comparison with conventional counterparts
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(1) Objective, Scope and Approach
® Objective

Global warming results from the hemp fibre processing and

consequentially the usage of hemp fibres in thermal insulation
® Scope

® Data acquisition (experimental data from partners, literature review,

expert interviews)

® Inventory and Impact Assessment for Global Warming

® Approach

¢ “cradle-to-gate” approach for technical short fibres

(hemp cultivation and processing)

® “cradle-to-gate” approach for hemp fibre based thermal insulation
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(2) Hemp cultivation and processing

“cradle-to-gate”
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(2) Global Warming of hemp cultivation and processing

Results Global Warming “from field to fibre”

Global Warming Potential: Contribution in % of the different life cycle stages to the impacts per ha and year

hemp cultivation per ha*a

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Ifleldopcratlons Ifemhzcrs Ifertilizcrinduccdficldcmissions pesticides Itransportofstraw |decortication fine opening

Contribution in percent to the Global Warming per ha and year
of hemp cultivation and hemp processing




& MultiHemp

(2) Global Warming of hemp cultivation and processing

Impact of different fertilizer applications for the reference scenarios shown
per tonne of technical fibre for insulation material

Maximum (pig slurry), eco

Maximum (mineral fert.), eco

Average (mineral fert.), eco

Minimum (mineral fert.), eco

0 100 200 300 400 S00 600 700 800 900 1000
GWP (kg CO2 eq/ton technical fibre)

M field operations M fertilizers Mfertilizers induced field emissions ™ pesticides Btransportof straw ™ decortication = fine opening
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(2) Global Warming of hemp cultivation and processing

Impact of different harvesting scenarios
per tonne technical fibre (cultivation: average)

Harvest of straw & leave,
economic allocation

Harvest of straw & seed,
economic allocation

Harvest of straw,
economic allocation

0 100 200 300 400 500 600 700 800 900

GWP (kg CO2 eq/ ton technicalfibre)
M field operations Mfertilizers M fertilizers induced field emissions M pesticides Btransport of straw M decortication = fine opening
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(3) Hemp based insulation material
“cradle-to-gate”
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(3) Global Warming of hemp based insulation material
Results Global Warming “from field to Thermohanf”

0 0,2 04 0,6 0,8 1 1,2 14 1,6

GWP (kg CO2 eq/kg Thermohanf)

® hemp fibre M transport of hemp fibre M soda ash
bico fibre M energy fro thermohanf production M packaging for thermohanf

(cultivation-harvesting-processing: average-reference)

3 important contributions to the Global Warming of Thermohanf

hemp-fibre-production | BICO fibre | energy for Thermohanf-production
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(3) Global Warming of hemp based insulation material

Global Warming per kg Thermohanf displaying the biogenic carbon storage and the
resulting “net GWP”

Average sc., BICO PET

Net GWP Average sc., BICO PET

Average sc., BICO PLA

Carbon storage during corn cultivation fro

Net GWP Average sc., BICO PLA

-1,3

-1,1 -0,9 -0,7 -0,5 -0,3 -0,1 0,1 0,3 0,5 0,7 0,9 1,1 1,3
GWP (kg CO2 eq / kg Thermohanf)
M hemp fibre M transport of hemp fibre M soda ash W BICOfibre Menergy for thermohanf production M packaging for themohanf
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(3) Hemp based insulation material
Uncertainty Analysis

* Datain life cycle models have some uncertainty.

* To assess the effect of data variability on the GW of Thermohanf, an
uncertainty analysis on the basis of Monte Carlo simulations is
performed.

* Monte Carlo simulation:
* relies on the repeated sampling of statistical distributions to
produce results.
* assesses how much influence uncertainty in the data has on the
GW.
 NOT assesses uncertainty regarding model choices, such as
allocation methods, system boundaries, simplifications.
* s performed in SimaPro with 10.000 runs.
* The variability in the data has been obtained from literature,
experts and assumptions and is assessed with a statistical
distribution or a pedigree matrix approach.
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(4) Comparison with conventional material

Functional unit: thermal resistance of 1 m2*K/W

Conversion method
(1) Normalization of the provided impact data to 1 kg insulation material —

e.g. 1.2 kg CO, ,,/kg insulation material

(2) Calculation of the amount of insulation material needed to achieve a
thermal resistance of 1 m?*K/W, using the below formula:

m=R* Ax pxA
72 =mass of insulation material [kg]
KA =thermal resistance = 1 m2*K/W

A =thermal conductivity [W/m*K]
L  =density [kg/m3]
A =area=1m?

(3) Multiplication of the mass derived under (2) with the impact data
per kg calculated under (1).
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(4) Comparison with conventional material

Input data for the comparison

Material A P Global Warming
[W/(m*K)] [kg/m3] [kg CO,eq/kg material]

glass wool 0.035 22 2.37

rock wool 0.0385 54.5 1.34

expanded 0.032 15 4.42

polystyrene (EPS)

extruded polystyrene 0.035 35 3.74

(XPS)

polyurethane (PUR) 0.023 33.17 4.96

pre/ifh,'
Thermohanf 0.04 37 1.32-1.61 Nay .
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(4) Comparison with conventional material

Global Warming - comparison insulation materials
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