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Die Lausitz - Eine Region im Wandel

wirtschaftlich - demografisch - landschaftsraumlich - klimatisch
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2 AquaTech Modellregion fiir Aquakultur & Biookonomie

+.=2s- LAUSITZ

Bt Aquakultur & Binnenfischerei -

LAquakulturist die kontrollierte Erzeugungvon

Wasserorganismen®
e
Ausbildungsstandort . e
fiir Aquakultur s>

Ca. 100Aquakultur- g
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wirtschaften

Regionale Kompetenz

als Exportpotenzial

Regionale Rohstoffressourcen

Quelle: wikipedia.org
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1.1 AgquaTech Modellregion fiir Aquakultur & Biookonomie

ealoe.

1.orr LAUSITZ Aquakultur & Binnenfischerei - Regionale Rohstoffressourcen

»~Aquakulturist die kontrollierte Erzeugung von

Wasserorganismen®
g
Aquakultur =
Ausbildungsstandort =
fiir Aquakultur .
:  Ca. 100Aquakultur- Fischerei =
. betriebe&Teich- |
wirtschaften 1950 19s4 1958 1962 1966 1970 1974 197 1% 1986 1% 194 1998 002 2006 200 204 2008
' Jahr
i Regionale Kompetenz : Abb. Globale Fischerei (engl. capture)-und Aquakulturproduktion (engl. aguaculture).
als Exportpotenzial Grafik aus The State of World Fisheries and Aquaculture 2020 (FAO 2020).

*  Nur 13 %des Inlandsbedarfes werden in Deutschland produziert!
* Deutschland importiert 2 Mio. Tonnen Aquakulturprodukte jdhrlich (Tendenz steigend)?

1Quelle: Bundesanstalt fiir Landwirtschaft und Erndhrung
2Quelle: aquakulturinfo.de
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deutschesee.de

Produktinnovationen

Bioprozessinnovationen

Geschaftsmodell-

innovationen

TU Dresden




! + AquaTech Innovationsbereiche & -strategie
"“' LAUSITZ Gesundheitswirtschaft - Lebensmittelwirtschaft - Naturstoffchemie
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Ernahrungs-
relevante
Ressourcen

Innovationsbereiche

Seawatercubes

Taz.net

Innovationsbereiche & -strategie

Bioprodukte

mag.asanteb.com

10




et AquaTech Innovationsbereiche & -strategie
HEN LAUSITZ

Gesundheitswirtschaft - Lebensmittelwirtschaft - Naturstoffchemie

Industrialisierbare
Bioraffinierie-
systeme

rausch packagmg com

- BM;F
Innovationsbereiche Bioprodukte

TU Dresden
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1. AguaTech
et LAUSITZ
Wirtschaft
(37 Akteure)
Wissenschaft
(36 Akteure)

Gesellschaft & Netzwerke
(19 Akteure)
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g1 AquaTech VISION - MISSION - ZIELE
SitE LAUSITZ Postfossile regionale Wertschopfungsnetze durch innovative regionale
Aquakultur & Biookonomie
2031-Eine Lausitz,.... " sdr, b

’
9

» ...in der regionale Akteure in neue Wertschégfungsnetzen

\(eranpft sind und biobased & circdléf bioeconomy gelebt

wird! A S - )

> -.in der nachhaltige Aquakulturprodukte fiir eiﬁé'gésunde
Erndhrung der Region und fiir D‘eﬁtschlan‘a produz'iert werden!
. . . ‘
» ...inder natlirliche Wirkstoffe zur Beké‘nﬁp’fﬁ\g von Krankheiten

3 " R}
' v '3 @

> ...die ein Vorbild fiir effizientes Wassermanagement ist!

hergestellt werden!

-

> ;_,.In der regionale aquatische Rohstoffe umfanglich in
'éioraffinérien verwertet werden! N E ¢

» -...die als Vorbild flir den Kliméé&hutz international sichtbar ist!

> ..Inder geffagte Fachkrafte der modernen Aquakultur 4

ausgebildet werden!
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www.aquatechlausitz.org

Gliederung

Kunststoffkolloquium 2021 virtual

Generationen an Feedstocks & Bioraffinerien
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5. AquaTech
LAUSITZ
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biofuels, solvents...
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= AquaTech Bioraffinerie
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331 LAUSITZ Generationen an biogenen Feedstocks fiir industrielle Bioraffinerie

> 4

GENERATION

1ST
LIGNOCELLULOSIC
GENERATION
wOOoD
CROPS STRAW
SUGAR CANE WASTE
PALM OIL
RAPESEED

https://microbenotes.com/carbohydrates/

4TH
GENERATION

BREAKTHROUGH
SOLAR-TO-FUEL
ADVANCED ALGAE

GENERATION

MARINE
MACROALGAE

{(SEAWEED)
MICROALGAE
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331 LAUSITZ Generationen an biogenen Feedstocks fiir industrielle Bioraffinerie
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https://microbenotes.com/carbohydrates/
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:1 AquaTech

it LAUSITZ

Fallbeispiel 1: Nutzung von Algenbiomasse

Brabe’nd\erj

Makroalgen — ein nachhaltiger Extrusionswerkstoff

Ludwig Schmidtchen
Application Engineer - Brabender
Doktorand - TU Dresden

...where quality is measured.
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July 2018
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=1 AquaTech Fallbeispiel 1: Nutzung von Algenbiomasse
“ret LAUSITZ

Bestandteil Anteil [%]

Protein 7

Fett 0

Kohlenhydrate 70
Ballaststoffe 17,5

Asche 23

» Marine Makroalgen aus

Source: International Journal of Oceans and Oceanography, Aquakulturen auf den Philippinen
Chemical and Minerals Composition of Dried Seaweed Eucheuma
spinosum Collected from Indonesia Coastal Sea Regions; Andarini
Diharmia., Dedi Fardiazb, Nuri Andarwulan

> Erzeugerpreis <1 SUS/kg trocken
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it LAUSITZ

Fallbeispiel 1: Nutzung von Algenbiomasse

Produkt

22



i+ AquaTech
st LAUSITZ

 Wasserbasiert
» Keine Chemikalien erforderlich
» Leicht bioabbaubar

* Mechanische Eigenschaften (Ohne Zusatzstoffe)
» Gute Zugfestigkeit
» Geringe Bruchdehnung - Versprodung

* Heildsiegelbar (abhangig von der Feuchte)

Bra\be\nd\er“°

Verbesserung und Anpassung der Materialeigenschaften fir unterschiedliche Anwendungen
durch Zusatzstoffe.
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2 AquaTech Fallbeispiel 2: Nutzung regionaler Biomasse

LAUSITZ

Schilf

>

In den Teichwirtschaft zum Schutz
der Fische vor Greifvogeln
Naturliches Habitat fur Tiere

Gesetzlich vorgeschriebener

Verschnitt (1x pro Jahr)
fasrige Schilfhalme verrotten nur
sehr langsam

Ansiedlung neuer Arten

24
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331 LAUSITZ Generationen an biogenen Feedstocks fiir industrielle Bioraffinerie
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LAUSITZ

Fallbeispiel 3: Solar-to-Molecule

Light driven conversion of CO, or water in extracellular products or

energy carrier

- Cyanobacteria/ algal cells and their
natural photosynthesis (in combination
with natural or synthetic pathways) are
used as biocatalyst to directly release C-
molecules or gaseous energy carrier

- CO, is activated via photosynthetic

processes (light energy)

- This approach results in microbial
photoautotrophic cell factories without

the aim of biomass generation

co,

Products

u'*r"%

Ideal microalga

N /7
7 Z N
High yield on
high light intensity

Large cells with

thin membranes
Robustness: stable and

resistant to infections

‘Oils are excreted outside cells

Insensitive to high
oxygen concentrations

Cells are able to grow and
produce lipids at the same time

Cells can form flocs

26
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: :-f AquaTech Fallbeispiel 3: Solar-to-Molecule
= LAUSITZ

Generationen an biogenen Feedstocks fiir industrielle Bioraffinerie

Calvin Further Biomass
PSII PS |1 cycle metabolism buildup Natural energy
> conversion in
. . Biomass = highl photosynthesis
Energy form | Excitede  Fdrea/NADPH, Sugar Diversity of : ey
ATP metabolites organized organic
(macro)molecules
- 0.5-4.5%
Efficiency 39-68% 28-37% 9-12% 1-12%

5.4% net leaf efficiency

Possible h - l l l l

Wood, plant
products driving redox Sugars, Ethano!, oil, sugar,
biocatalysis (e.g. H,)  glycolate Propandiol food, feed

Utilizing microbes as catalysts Utilizing biomass

Gruss and Schiith (2008). Zukunft der Energie: die Antwort der Wissenschaft. ISBN 9783406576393
Barber (2009). Chem. Soc. Rev., 38, 185-196

®
Hall and Rao (1999). Photosynthesis. Cambridge University Press. ISBN 9780521644976
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,.1', AquaTech Fallbeispiel 3: Glycolate

i LAUSITZ

- GAisused:

- PGAis abiodegredable, thermoplastic ester O
synthesized by polycondensation of GA monomers ”

Polyglycolic Acid
(PGA) Sutures
Coated Synthetic Absorbable

Violet + Braided

O
In the textile industry as dying and tanning
agent HO
In food industry as flowering agent and OH
preservative
In pharma industry as skin care agent Glycolic acid
Included in emulsions to imrove flow properties

Can be used as substrate for a secondary
refining (biorefinery concept) O

H’ "OH

. In

Polyglycolic acid

£ Brai
Single use only

28
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Fallbeispiel 3: Glycolate

Tt LAUSITZ
Light-independent reaction - Calvin Cycle and RuBisCO
A
- RuBIisCO (Ribulose-1,5-bisphosphat- srocanaspraatonat | HiO
.. thylakoid membranes
carboxylase/-oxygenase) catalyzes the inital \\\ €040,
. . . . ; : X ubisco catalyzes
reaction of the photosynthetic CO, fixation il RO 0N O (s
. 2P-glycolate
- Theratio between oxygenase and -
carboxylase activity is determined by the @i
ratio of dissolved gases E _
H (o .s‘arCh.
::i:gH_® 3-Phospho- af’;“'{‘;aac?ld‘is
‘ /a} glycerat
S jS"‘__i:g:(@ cH0 %o 4 Chloroplast ) {Peroxisom\ f/litochondriun?
+C0; ‘ : glycerat [elelon > >
H_TC_D_® a TC_ 86_® / H 757 04® H75704® 02 2-Phosphoglycolat - - o
Cc=0 Cc— ~ 2
hbon o lon (EuBiscO] Photorespiration
H—c':—o—@ H—C‘:—O—@ H—E—O—® H_Iﬁ_ H,C—0P0;%" B h
T \ o ¢ 0—F)  rrosne- 2 ;5 0.0 co,
H H 2 O—O—&—DQ o Cs glycolst O:(Il | o 2
oxygonse. M ¢=o G oo HC—OH H"Eig:o , -
e :::z:gi@) %9,06 . ,.:s:g:o 2 3-Phosphoglycerat
H—=C—0H v:-;i:;o%o Ribuiose-1,5-
H—c::—0—® - \_bisphosphat J J Y.
i
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Tt LAUSITZ

Fallbeispiel 3: Glycolate

Bioreaction and process engineering - glycolic acid (GA) production from

photosynthesis

- The process must be divided into 3 phases I. biomass production; Il. transition phase
from biomass production to glycolate production; lll long-term production of glycolate

40 (a)
35 .
30-
25
20
154
10
5]
0]

Glycolate concentration [mm]

rrrrrrrrrrrrrrrrr e
0 2 4 6 8 1012 14 16 18 20 22
Time [d]

Taubert, A., Jakob, T. and Wilhelm, C. (2019), Glycolate from microalgae: an efficient carbon source for biotechnological applications. Plant Biotechnol J, 17:

1538-1546. https://doi.org/10.1111/pbi.13078

Max. glycolate production [mm/h]

0.5

0.0

Long-term glycolate production (21 days):

|8

L L L L L UL
2 4 6 8 10 12 14 18

Time [d]

Figure 6 (a) Total glycolate accumulation [mm] in
the culture medium under photorespiratory
conditions within the experimental period of

20 days and (b) maximum glycolate production
rates [mw/h] measured at the daily peak of
irradiance and temperature within the
experimental period of 14 days.

30



oty AquaTech Fallbeispiel 4: Botryococcene

3t LAUSITZ Generationen an biogenen Feedstocks fiir industrielle Bioraffinerie

Extracellular hydrocarbons of Botryococcus braunii
(a)

- Botryococcus braunii: is a green, pyramid-
shaped planktonic microalga

- Slow growth rates compared to other
microalgae

- Produces hydrocarbons instead if
triacylglycerides (TAGs) as standard form

- Typically hydrocarbon content: 25 -75 %
of dry weight

- Hydrocarbons are stored in the
extracellular space in contrast to cytosolic
lipid bodies of oleaginous microalgae

- High amount of carbon is stored in
hydrocarbons at growth conditions

Botryococcene (Ci4Hsg)

Hirano, K., Hara, T., Ardianor et al. Detection of the oil-producing microalga Botryococcus braunii in natural freshwater environments by targeting the
hydrocarbon biosynthesis gene SSL-3. Sci Rep 9, 16974 (2019). https://doi.org/10.1038/s41598-019-53619-y

31
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Fallbeispiel 4: Botryococcene

Structure of extracellular hydrocarbons of Botryococcus braunii

Race

A race

Brace

L race

S race

Hydrocarbons

Cy5-Czq n-alkadienes
and n-alkatriens

C3¢-C47 botryococcenes,
squalene,

C34-C34 polymethylated
squalenes

Cy4p lycopadienes

C4gand Cyg n-alkanes

Representative
B N N e N NV Ve N N N heptacosa-1(Z),18(Z)-diene

— N T T T T T T T N T T nonacosa-1(2),20(2),

22(Z)-triene
=
= = F N SN C4q botryococcene
™ = 2 ™ ™ . squalene

tet thyl I
)L(\JW/\)\\\AW)W/ etramethylsqualene
)\/\/J\/\/J\A/J\/\/\T/v\rv\(v\r

lycopa-14(E),18(E)-diene

N N N N N N N N N n-eicosane

Fig. 1 Structure of hydrocarbons produced by Bofrvococcus races A, B, L, and S (from Griehl et al. 2015)
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Fallbeispiel 4: Botryococcene

Milking of extracellular hydrocarbons of Botryococcus braunii

- Theinline “milking process” is a non-destructive
process engineering / process intensification step
which aims to:

- Decreasing the costs of downstream
processing, omitting harvesting, thickening,
dewatering and cell disruption

- Keep the metabolic active cells in a viable state
despite the exposure to extraction solvents -
combination of growth and in-situ product
removal (biocompatibility of solvents vs.
extraction efficiency)

- Toincrease the extraction efficiency the
milking process should be repeated several
times

-
Water loss
(evaporation)

Concentr: Stage 1 dewatered
culture culture
gel Stage 2
Harvest DeWater Dewater
Harvested Stage 2
Culture devatered culture
Water
recycle .
Drying
Algae Culture \
4 Dried cutture

|

Mutrients

— raction
Remaining
Feed biomass
wealer 3 Exiradid ipids
co, -]
Non-polar
lipids Separatiol
-
Polar lipids >

Fig. 1. Process flow diagram of microalgae to bio-oil [33].

Kleinert, C., Griehl, C. Identification of suitable Botryococcus braunii strains for non-destructive in situ

hydrocarbon extraction. J Appl Phycol (2020). https://doi.org/10.1007/s10811-020-02342-7

Ideal microalga
AN l 7
/ e N
High yield on
high light intensity

Large cells with

thin membranes
Robustness: stable and

resistant to infections

‘Oils are excreted outside cells

Insensitive to high
oxygen concentrations

Cells are able to grow and
produce lipids at the same time

Cells can form flocs
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Fallbeispiel 5: Future perspectives

e IPHOTOFUEL

+ WP1 Management and dissemination
Test

Piing

Learn

WP2 Biocatalyst development
MO HEHEE

.
& i
. .
-

WP3 Upscaling and production

WPT WPE WP5 WP4 )
Business case Assessment Engine tests Fuel blending and
development characterization

-9~ ~ g

J

J. Wichmann, K.J. Lauersen, N. Biondi, M. Christensen, T. Guerra, K.
Hellgardt, S. Kiihner, M. Kuronen, P. Lindberg, C. Rosch, I.S. Yunus,
P. Jones, P. Lindblad, O. Kruse, Engineering Biocatalytic Solar Fuel
Production: The PHOTOFUEL Consortium, Trends in Biotechnology,
39 (2021) 323-327.

(A)

Light HZO 50 mgli/d 60 mg/ld 600 mg/l/d 11 mgl/d
{32% Cpartitioning)  60% C partifoning)
N NN NN NN AN AN N AN
Photosynthesls Octyl acetate <= 1-Octanol 1-Butanol Alka(e)nes <
NADPH ATP A FAP
3 B Esters \\ AIcoAhols v\\ _AHR ! ADo UndB
3 NG R
~"[ceB S - PduPIIIIpF ]
co, 13 FFA
o ’*::::'m ,
1 . es
FPP"[DMAPP v N < Phan s
PYR > AcCoA » FA-ACP
AlsS |
Sesqunerpenes "gi SAM = AT L
Bisabolene 2-Kebsovalemte
3 mglid 0! A~ FAMEs
Groon akiao IVqr;)Q i 12 mgllid
2&/?/20 A Cyanobacteria
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1. AquaTech Fallbeispiel 5: Future perspectives
Tt LAUSITZ 4
\ Y

AN
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Ethylene forming enzyme (Efa)
from Pseudomonas

rFne than 1 month

of C;H, production
Calvin
Benson
. . methylglyoxal
Alginata thin-film Mutrient médium W -

9

PYR
oo $ NADPH$ yghD
$ Ac-CoA

G1P acetol
$ phaA Mg
$ glgC  AcAc-CoA

ADP-G NADEHY  auh
$ HB-CoA a

$ % 1,2-propanediol
glycogen PHB 2

growth/biomass
synthetic metabolic pathway

storage compounds

Sy necho CyS'[ is PG 1,2-propanediol / propylene glycol
g 9)

]

David C, Schmid A, Adrian L, Wilde A, Biihler K. Production of 1,2-propanediol in photoautotrophic Synechocystis is linked to glycogen turn-over. Biotechnol
Bioeng. 2018 Feb;115(2):300-311. doi: 10.1002/bit.26468. Epub 2017 Nov 28. PMID: 29143978.

S.Vajravel, S. Sirin, S. Kosourov, Y. Allahverdiyeva, Towards sustainable ethylene production with cyanobacterial artificial biofilms, Green Chemistry, 22 (2020)
6404-6414.

T. Orthwein, J. Scholl, P. Spat, S. Lucius, M. Koch, B. Macek, M. Hagemann, K. Forchhammer, The novel P&lt;sub&gt;l1&lt;/sub&gt;-interactor PirC identifies
phosphoglycerate mutase as key control point of carbon storage metabolism in cyanobacteria, Proceedings of the National Academy of Sciences, 118

(2021) €2019988118.
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Vielen Dank fiir die Aufmerksamkeit
LAUSITZ

www.aquatechlausitz.org
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