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Results for value chains representative for
Macro Cascade

- 1. Cascade
Microbial refining

ot PP cucie Focus on full industrial scale

Probiotic :
Extraction/

(piot) seartion  Technical feaS|b|I|ty

Physico/chemical

« Technical design, mass balance, heat demand
R o « Cost drivers
| g « OPEX, CAPEX and revenue drivers
(pilot) - refining for high

value products

“.1  Very early stage of development

4. Cascade S Cosmetics

 High level of uncertainty

residuals

s  Information on the feasibility is limited given
Improvement potential
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Cultivation Preservation/ Valorisation
storage
Co- Functional feed
fermentation Functional food
/I\/Iannitol \
Seaweed Laminarin
cultivation ‘ ‘ Fractionation Fucoidan
Alginate
" Solid residue
Ensiling \ /
Enzymatic .
transglyco- Pre-biotic
lysation Oligosaccarides/xylans
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2,200 km of fixed line,
11,000 km of growth line,

plot area 7x7 km

Technical design Logistics design
Successfully designed upscaled version of the Mapping of seeding
demonstrated cultivation system and harvesting logistics

Drivers=» Yield is the most important parameter
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Cultviation, cost drivefSé -

Cost-plus price

Profit margin,
before tax
22%

Total Operating
Costs
56%

Annualised Total
Investment
22%

mooring rope 8%

float 8%

. . growthline 10%
Process Contingencies

(averaged)...

mooring chain 40%

Direct field costs

General Facilities marker buoy 4%

3%
fix line 2%

Home office,
Overhead and Fee|
5%

anchor 26%

Indirect Field Cos
3%

shackle 2%




%&o based I(nfiuslm‘aﬁ B| —BATSED

% S
™
<

* Cultivation, conclusiof

Conclusions

Successful upscaled design for 10 ktonney,/yr

Not dictated by a single cost element, many cost elements including indirect costs
Many uncertainties, important are growth yield and industry architecture (leanness)
Future improvements and innovations (e.g. underwater harvesting) will reduce costs

Cost are significantly higher than wild harvest seaweed, so focus on high-revenue applications
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Baling unit
Dryer
Lactic acid bacteriai
Fresh seaweed
Pump

—>

Warehouse

Ensilded seaweed
to processing

Ensiling/storage

Conclusions

tanks

Storage can add up to 10% of the costs

* Ensiling is more economic

Dried seaweed
to processing

» Limited knowledge on effect of target components
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Technical
Simple, but limited knowledge on
upscaling

Economic
Low CAPEX
High OPEX

Technical
Uncertainty/risk in controllability and
interaction with downstream

Economic
High CAPEX
Very low OPEX
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Technical:
Simple and proven process

Functional feed/food

Lactic acid
bacteria
> Economic:
Canola meal i Moist air OPEX: canola meal and seaweed
I R - CAPEX: limited contribution
Brown Seaweed Fermentation Functional feed/food
Air
Drying

Conclusions
Functional feed:
Good case with feasible economics

Functional food:
Higher costs (food grade) but potentially very high revenues



%&o based Industries BIQ-BASED

European I
Commission

e

: ! ¢ y : . - A N SR e e ks
F ‘ A : \ IS e
L e y L] N oxa & = ;
. ) 2 ] % 1 3 v L R -
. SRR Y - N
N L \ » N y l ',_, ' 0 s
h i 4 a” < . {
A H e X p: b 'y
' ' X "y . 28R N B

H,SO, Na,CO3 Water H,SO, NaOH EtOH

-~

Mannitol
Laminarin
Fucoidan
Alginate
Solid residue
\_ J
— ] Technical:
e ] . Complex scheme, many steps
= \ « 25 step, 45 pieces major equipment
Optimal use of all constituents
L~ ' Many operations to be verified

« Extraction yields

. Cold water extraction section

. Hot water extraction section ¢ Membrane Separatlons
P o « Crystallization/purifications
Alginate/solids section .
* Interactions
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* WP -Privste Partrertip

Fractionation

30
25 . Fucoidan EconomiCS
« All products contribute to the revenues,
20 except for the solid residue
= + Significant investment
=  Find balance between investments
8 and product revenues
10 MNa-Alginate
5
0 aminprin HB aTMinarin LB & Splid residue
0 500 1000 1500 2000 2500 3000

Production [kton/yr]
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 Feedis red seaweed

» Heat use for recovery of
extraction solvent

» ldeas for alternative schemes
and processes (membrane
separation)

» Final enzymatic step is

IPA recovery
column
—

] Fe.

| |
| |
| |
| |
| |
1 : Enzymes i ) ’
. | | o | Glucose . optional, adds little to the costs
ed seaweed | S | [
| Extr tIOI‘I: ! | Prebiotic
: | : oligosaccharides .
| = Tawd ' O ; > Economic
I | ! | . .
: : Conrulati Filtraration | | Tlranst. Separation & ! ° Very gOOd yleld IN
| I oagulation rin I glycolysation ificati | . .
: | e purfcation oligosaccharides
B A e | « Heat use very high
* Revenues: Sales value of
Extraction Coagulation/recovery  Transglycolysation probiotics is very dependend

on their efficacy 1
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Cultivation is feasible, scalable: Iean operatlon and costs reductlon
Storage: Ensiling less expensive, lower energy use but more uncertain

Fermenation to feed and food
* Feed is the best short-term option
« Food potentially very good

Fractionation
* Increased income confirmed, need to find a balance between revenues and complexity/costs

Oligosaccharides/xylans
« Alternative separations essential for feasibility
« Efficiacy of oliogosaccharides important for value.

Results are an important step towards realizing seaweed value chains
and also feedback into the research
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This presentation is part of the Macro Cascade project.
This project has received funding from the European
Union’s Horizon 2020 Bio-Based Industries Joint
Undertaking (BBI JU) under grant agreement No 720755

https://www.macrocascade.eu/
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