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Consideration of the entire value chain -
System*s approach

Biomass provision | chemicals & Materials

(Cultivation, harvest, 9 biotechnological
storage... e.g. short
products

\rotation wood, hemp)

Energetic use

(Biogas, wood pellets,
biochar)

Valorization of residues,| |sidestreams etc.




Biotechnological
Biomass conversion into high-value chemical products and fuels
: ) - New Domestic Bioindustry

PRODUCTS

Fuels:

— Ethanol

— Renewable Diesel

— Renewable Gasoline
— Hydrogen

Power:
— Electricity
— Heat (co-generation)

for Bioenergy and Biobased

Chemicals

— Plastics

— Solvents

— Chemical Intermediates
— Phenolics

— Adhesives

— Furfural

— Fatty acids

— Acetic Acid

— Carbon black

Products in the United States

Biomass Research and Development Technical Advisory Committee

Biomass Research and Development Initiative Fee d sto c k

Conversion
Processes

Biomass

— Trees
— Grasses

A
— AQ oD

- Enzymatic Fermentation

- Gas/liquid Fermentation
] 3 - Acid Hydrolysis/Fermentation I

— Agricultural Residues asification — Bglts

_F t Residues P fusi — Dyes, Pigments, and Ink

S yrolysis — Detergents
— Animal Wastes - Combustion - Etc.
— Municipal Solid Waste - Co-firing

Food, Feed and Fiber

Biorefineries in theory would use multiple forms of biomass to produce a flexible mix of
products, including fuels, power, heat, chemicals and materials. In a biorefinery, biomass would be
converted into high-value chemical products and fuels (both gas and liquid). Byproducts and
residues, as well as some portion of the fuels produced, would be used to fuel on-site power

generation or cogeneration facilities producing heat and power.
e’
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biorefineries in the scientific community”

400
\ . —
Biorefineries are =01 (2 Clartvate I
classified based on, 300 1 | T
technological _
(implementation) status, | 250 Il
type of raw materials I
used or main type of 200 B
conversion processes 150
applied. A search of the _ i
literature revealed a 100 — s
variety of terms / \\
describing »0 H_( I -| T ]
Biorefineries R e A ik
2003 2004 2005 2006 007 2008 2009/ 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
#08.01.19: 2.414 records Tltle=(b|oref*) OR Title=(bio-ref*); 645 AND (lignocell*)
Conventional Biorefineries 15t, 2nd and 3rd Generation Biorefineries
Whole Crop Biorefineries Thermochemical Biorefineries
Advanced Biorefineries Lignocellulosic Feedstock Biorefineries
Marine Biorefineries Two Platform Concept Biorefineries

Green Biorefineries
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27 November 2017

Map of 224 European biorefineries published by BIC and nova-Institute

Biorefineries are the heart of the bioeconomy. Here,
different types of biomass are fully utilised and
transformed into a large variety of chemicals and
materials.

The map distinguishes between “Sugar-/starch based
biorefineries”, producing bioethanol and other
chemicals (63), “Oil-/fat-based biorefineries -
biodiesel” (64) and “Oil-/fat-based biorefineries -
oleochemistry” (54), “Wood-based biorefineries”
(25) excluding those that produce pulp for paper
only, “Lignocellulose other than wood” (5) and finally
“Biowaste-based biorefineries” (13).

The prevalence of biorefineries differs considerably between
countries. The type of biorefinery is clearly dependent on the
locally available biomass. Wood-based biorefineries can be found
mainly in Northern Europe and “Sugar-/starch based
biorefineries” mainly in France, Belgium, Germany and Hungary,
where we see high yields in sugar and starch.

Biorefineries in Europe 2017

"
The poster is avastable for

fesoback. institul de

The map can be downloaded for free at
www.bio-based.eu/graphics or

www.biconsortium.e

u
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International Journal of Biological

Macromolecules

Volume 98, May 2017, Pages 447-458

Review

Biotransformation of lignocellulosic
materials into value-added products—A

review

M. Bilal, M. Asgher, H.M.N. Igbal, H. Hu, X.
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Building blocks that
could be produced
via fermentation

REVIEW ARTICLE

Valorization of industrial waste and by-product
o streams via fermentation for the production of
Gy iR 2 chemicals and biopolymers

Apostolis A. Koutinas,* Anestis Vlysidis,i* Daniel Pleissner,” Nikolaos Kopsahelis,

Isabel Lopez Garcia,“ loannis K. Kookos,” Seraphim Papanikolaou,* Tsz Him Kwan|
and Carol Sze Ki Lin*®

= Numbers next to
biochemicals desighate the
total annual production in
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Berlin, 5 December 2018 — The results of the European Bioplastics’ annual market data update, presented today
at the 13"European Bioplastics Conference in Berlin:

_The global bioplastics production capacity is set to increase from around 2.1 Mio t in 2018 to 2.6 Mio t in
2023. Innovative biopolymers such as PLA and PHAs are driving this growth.



Biorefinery-concept for (1st, 2"d, 3rd ?) biomass feedstocks

KR B

Pleissner, D.; Qi, Q.; Gao, C.; Perez Rivero, C.; Webb, C.; Lin, C.S.K.; Venus, J.: Valorization of organic residues for the
production of added value chemicals: A contribution to the bio-based economy. Biochemical Engineering Journal 116 (2016) 3-16




Camposition of reqr ive lignocel hilasic feed stodks

(Different) Composition & Behaviour s G g ) e

Cellukse  Hemicellukse  Lignin

° ° ° Barley hull 34 36 19 2]
of (lignocellulosic) Biomass - R
famboo 49-50 18-20 bE) 115.16]
fanana wase 13 15 14 17
Comn b 323-456 398 67-139  [1819]
Comn staver 351-395  207-246 110-1a1 120
Coton 85-95 5-15 0 21]
Coton stalk 31 11 » 122]
Coffee pulp 337-369 442-475 156-191 23]
) o ) . Dougla fir 35-48 20-2 15-21 124]
Thecontents of celluboze, hemicelluloze, and ligninin variows types of lignocel lubosic Euaalyptus 45-51 11-18 ~ 11625)
biomass (% dry weight)* Hardwood sems 40-55 24-%0 18-25 2627]
- - - - — Rice straw 202-347 23-259 17-19 [2829]
Lignocellubosic materials Collubze (%)  Hemicdllubze (%)  Lignin (%) Rice husk 287-356 1196-293 154-20 130.31]
Algas (green) 20-40 2-50 NAP Wheaz straw 35-3 22-3 1216 [2932]
Whes bran 105-148  355-392 83-125  [33]
s;':;"“':'::oﬁ i:) 323 ;? Grasses 25-40 25-%0 10-30 [B3435]
Chemical pulps §0-80 20-30 2-10 Newapages -8 48 u-30 p§
c PP Sugwrane agmse  25-45 28-12 15-25 [1635]
castal Bermuda grass 25 357 64 Scgarcane tops 35 32 14 B37]
g""‘ ”:’:s ;g.u gz_ - 3'5 s Pine 42-29 13-25 23-29 125]
cen=ta ) - Poplar wood 45-51 25-28 10-21 18]
Cotton seed hairs 80-95 5-20 e Olive tree biomass 252 158 191 139]
Cotton, flax, etc, 80-95 5-20 NA! Jute fibres 45-53 18-21 21-26 140]
Graszes 25-40 25-50 10-20 Swirhgrass 35-40 25-30 15-20 [26]
Hardweod 4522 W5 M=4 Grasses 25-40 25-50 10-30 12627
Hardwood barks 22-40 20-38 30-55 Winter rye 29-3) 22-26 161 141)
Hardwood stems 40-55 24-40 18-25 Oilseed rape 273 205 142 [41]
Leaves 15-20 80-85 0 Softwood stem 45-50 24-20 18-25 2627]
Newspaper 40-55 25-40 18-30 Qat straw 31-35 20-26 10-15 4]
Nut shells 25-20 25-30 30-40 Nt shells 25-% 222 040 |42
Paper 8599 0 0-15 Sarghum straw 32-35 24-27 15-21 [4344]
Pine scftwood 44 26 2 TM;Md 10-15 55-65 - 45
Pri tew 8-15 NA® 24-20 paw
',:',:z Azt Water hyacinth 182-221  487-501 35-54 4647
Softwood 222 7+2 283 - ¢ i
Softwood barks 18-28 15-32 30-60 \aVE, o V. Menon, M. Rao
Ss:::*’fl*m 4?-3 s fi-_3353 i-’;-3557 Progress in Energy and Combustion
camie manure o o A= .
Sortad refuse 60 » » Science 38 (201 2) 522-550
Spruce softwood 42 26 2
Swine waste 60 28 NA® . .. . .
Switch grass 45 214 120 Percent dry weight composition of lignocellulosic feedstocks
Waste papers from 60-70 10-20 510
chemical pulps 3 ] 3
B yrgrint.a 741 712 a1 Feedstock Glucan (cellulose) Xylan (hemicellulose) Lignin
Willow Hardweod 37 2 21 N
Corn stover 37.5 224 17.6
M.A. Abdel-Rahman et al. Corn ﬁberb,c 14.28 16.8 8.4
Journal of Biotechnology 156 (2011) 286— 301 . ' ' '
9y ( ) Pine wood"® 46.4 8.8 294
Popular® 49.9 17.4 18.1
d
Wheat straw™ 38.2 21.2 234
Switch grass® 31.0 20.4 17.6 AT B
Office paper?  68.6 12.4 11.3

10.01.2019 N. Mosier et al. / Bioresource Technology 96 (2005) 673-686 11



Renewable Resources Angew. Chem. int. Ed. 20m, 50, 1050210509

DOI:10.1002/anie.201102117

Beyond Petrochemicals: The Renewable Chemicals Hghocellulosic
Industry**
P. N. R. Vennestrom, C. M. Osmundsen, C. H. Christensen, and Esben Taarning*
Y b e e
Chemical Market type Market size Major player(s) Feedstock :(‘h;m'ml'p hysu.al:
T[4l retreatment
(Mty )™ e -
acetic acid existing 9.0 - ethanol ‘/-.\‘
acrylic acid existing 42 Arkema, Cargill/Novozymes glycerol or ey Hydrolyzed Cellulos
glucose g Hemicellulose e
C, diacids emerging (0.1-0.5) BASF/Purac/CSM, Myriant glucose l
epichlorohydrin existing 1.0 Solvay, DOW glycerol { Enzymatic 1
ethanol exisiting 60 Cosan, Abengoa Bioenergy, ADM | glucose i hydrolysis_
ethylene existing 110 Braskem, DOW/Crystalsev, Borea- | ethanol
lis Mainly Mainly
ethylene glycol existing 20 India Glycols, Dacheng Industrial | glucose or Pentoses Glucose
xylitol
glycerol existing 15 ADM, P&G, Cargill vegetable oil E_.___ _,Z'
S5-hydroxymethylfurfu- emergin - - lucose ; con
i o oy M.A. Abdel- STy
3-hydroxypropionic  emerging  (=0.5) Novozymes/Cargill glucose Rahman et al. ‘-“I'-'-|
acid Journal of i Separation 1
isoprene existing / 0.1 (0.1-0.5)  Danisco/Goodyear glucose Biotechnology ~ '====p===-
emerging 156 (201 1) 286—
lactic acid existing / 0.3 (0.3-0.5)  Cargill, Purac/Arkema, ADM, Ga- | glucose 301
emerging lactic
levulinic acid emerging  (=0.5) Segetis, Maine Bioproducts, Le glucose
Calorie
oleochemicals existing 10-15 Emery, Croda, BASF, Vantage vegetable
Oleochemicals oil /fat . )
1,3-propanediol emerging  (0.1-0.5) Dupont/Tate & Lyle glucose Table 1: Overview of chemicals that are currently
propylene existing 20 Braskem/Novozymes glucose produced, or could be produced, from biomass
propylene glycol existing/ 1.4 (22.0) ADM, CargilljAshland, Senergy, | glycerol or | together with their respective market type, size of
emerging Dacheng Industrial sorbitol the market, and potential biomass feedstock.
polyhydroxyalkanoate emerging  (0.1-0.5) Metabolix/ADM (glucose Major players involved are also given.

[a] Market size of an existing market is given as its current size including production from fossil
resources; for emerging markets the expected market size is reported in parenthesis.

(N ATB
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The processes for producing lactic acid from biomass/residues
include the following 4 main steps:
(1) Pretreatment - breaking down the structure of the feedstock matrix

(2) Enzymatic hydrolysis - depolymerizing biopolymers like starch, cellulose etc.
to fermentative sugars, such as glucose (C6) and xylose (C5), by means of
hydrolytic enzymes

(3) Fermentation - metabolizing the sugars to lactic acid, generally by LAB

(4) Separation and purification of lactic acid - purification of lactic acid to
meet the standards of commercial applications

Pilot plant facility for lactic acid fermentation at Leibniz Institute for Agricultural Engineering and Bioeconomy (ATB Potsdam)

@ ATB
N’
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iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

Chemlcals from Blomass A Market Assessment of
Bioproducts with Near-Term Potential

Mary J. Biddy, Christopher Scarlata, and Christopher Kinchin - National Renewable Energy Laboratory

Data Gaps
Scale-up of lactic acid production would require clean, cheap sugars

from lignocellulosic biomass to compete with commodity sugar and
starch substrates. There is a lack of data about lactic acid production
and purification from biomass hydrolysates, including issues of C5
sugar utilization, although it appears work has started to address some of

these issues.

This report is available at no cost from the National Renewable Energy Laboratory m ATB

- (NREL) at www.nrel.gov/publications = <
Technical Report NREL/TP-5100-65509 - March 2016/Contract No. DE-AC36-08G028308 A 14




Example coffee residues: residues from the coffee production

1,000 kg coffee pulp

A4

148 kg sugars, 102 kg hemicellulose, 147 kg cellulose

—>i 46.3-115.5 kg of sugars remained

; Fermentation
1 0.78 kg lactic acid kg sugars

________________ —

241.1-295.1 kg L(+)-lactic acid in fermentation broth

_______________ b

Pretreatment

> Grinding

» Thermo-chemical hydrolysis

» Enzymatic saccharification Bacillus coagulans

i Downstream processing* ——>i 185.6-227.5 kg of L(+)-lacticacid lost

bnccccccccccccapeccccccccccca=

[ Fermentation ’

l

55.5-67.6 kg L(+)-lactic acid

Mass balance from coffee pulp to lactic acid (*downstream
processing was not optimized). All figures are based on dry

weight.
e .
§ HO (0] iHJ o) (i‘H,
§ >—< e PR O\T 0/\n/°“
g HaC OH CHy o ) ]
olviiacicacd) ] Pleissner, D.; Neu, A.-K.; Mehlmann, K.; Schneider, R.; Puerta-

Quintero, G.I.; Venus, J.: Fermentative lactic acid production from coffee
pulp hydrolysate using Bacillus coagulans at laboratory and pilot scales.
Bioresource Technology 218 (2016) 167-173

~—



Example agro-residues: Sugarcane bagasse

Figura 1 — Fotos de bagaco da cana de

acucar: (a) sem tratamento térmico; (b) .
180°C: (¢) 200°C e (d) 220°C por 5, 10 e 15 arabinose 0.4 g 1! , extrato de levedura 15 g1, K;HPO, 2

minutos (da esq. para dir.).

55
S0 A .‘O,.....G......O......E)
PR o
= 40 o
[=11] - .
= 3 e ----glicose
g 30 N - - -xilose
25 1~ < :
g 2 * P - =i~ - arabinose
- - L. e
% 5 - R --4-- acido latico
o B “a
10 -0. ‘\\ ‘\\
- Y
5 ~ =
0@tk e e s T
0 2 4 6 8 10 12 14 16
Tempo (h)

Figura 4 — Produgdo de acido latico e consumo de
agucares presentes no meio MRS modlﬁcado contendo
hidrolisado de bagago (glicose 33 g 1!, xilose 19 g I,

g1’ MgS0,0,1 gl e MnSO, 0,04 g 1.

XVIII Simpésio Nacional de Bioprocessos
Caxias do Sul/RS - 24 a 27 de julho de 2011

#5 INAFERM 2011

Hidrolise Térmica de Bagaco da Cana-de-acucar para

10.01.2019

Producio Homofermentativa de L-Acido Latico mj \‘ ATB
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Giselle de Arruda Rodriguesl, Joachim Venus” e Telma Teixeira Franco '



WO 2013164423 A1; WO 2013164425 Al

Example wheat straw: Sugar uptake &
product formation ]

jg cereal residues
such as straw

60
50
40
30
20
10

o....é..

20 30 time [hours]

A Lactate [gl]
m Sugars [g-L'1]

m"A .QW\Q"W"‘Né g

ks

concentration [g/L]

F. Ot V\-'-'l

®

Fermentation ended after 50-60 hours with a yield

35 70
Disacch of nearly 100% and 64 g/L (top left)
30 —&— Ara — 60 .
- e Xyl — | ® (Total) Sugars (firstly Glucose followed by
o 23 o Su 02 Arabinose/Xylose with residues of Disaccharides)
2 20 40 §. have been used completely in the same time
g oS 'KI N\ 2 (bottom left)
. 15 30 = L .
g '\ e | ® (Max) Lactate productivity (>5 g-L-'-h-") is much
g 1 20 3 higher than comparable published results
5 10 [Li/Cui: Microbial Lactic Acid Production from Renewable
Resources, pp. 211-228. In 0.V. Singh and S.P. Harvey (Eds.),
0 l l -0 Sustainable Biotechnology - Sources of Renewable Energy.

Springer, 2010]

0 10 20 30 40 50 60 time [hours]

(N ATB
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Pleissner, D.; Venus, J.: Agricultural residues as feedstocks for lactic acid fermentation. - ACS Books
"Green Technologies for the Environment" (2014) Chapter 13, pp 247-263



% Bundesministerium
fiir Bildung

und Forschung

BranLact

® Thermophilic lactic acid production utilizing defatted
rice bran in continuous cultivation
® Funded by PtJ/BMBF (2016 - 2019)
® Partner: Beijing University of Chemical Technology

Photo: ATB

GareD) @D 7 ATE

10.01.2019 China produced 7,015,000 t of rice in 2014 (FAOSTAT) e



Flow diagram of the followed process

Upstream Fermentation Downstream Lactic acid

Defatted Processing processing production
Rice Bran had @

Starch: 35.3%, :
Fat: 3.0%, Enzymatic S % 58 = = 3 = 35
Protein: 17.3%, Hydrolysis Fcrmcnmtior: time (h)
Cellulose: 9.8%,
Hemicell: 20.6%,
Lignin: 3.9%

Total sugars, lactic acid (g L)
£

Screening of different
thermophilic strains |

4

Selection of the
suitable strain

Addition of amylases,
glucoamylase and I.I[E]i
Industrial
prOtease Biotechnology
Forum 2018 S

Alexandri, M.; Neu, A.; Schneider, R.; Lopez-Gomez, J.P.; Venus, J.: Evaluation of various B. coagulans isolates for the production of high purity L-lactic
acid using defatted rice bran hydrolysates. International Journal of Food Science & Technology, In Press, https://doi.org/10.1111/ijfs.14086



Biosurfactant production by Yeasts using
sugarcane bagasse for solid state fermentation

UNIVERSITY OF SAO PAULO;

. DEPARTMENT OF BIOTECHNOLOGY
| SCHOOL OF ENGINEERING OF LORENA

Brumano, L.P.; Antunes, F.A.F.; Galeno Souto S.; dos Santos, J.C.; Venus, J.; Schneider, R.; da Silva, S.S.:
Biosurfactant production by Aureobasidium pullulans in stirred tank bioreactor: new approach to understand the
influence of important variables in the process. Bioresource Technology (2017) 243: 264272



Metabolic Engineering 47 (2018) 279-293

H

Contents lists available at ScienceDirect
METABOLIC
ENGINEERING

Metabolic Engineering

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

From lignin to nylon: Cascaded chemical and biochemical conversion using | )
metabolically engineered Pseudomonas putida Ea
Michael Kohlstedt®, Soren Starck”, Nadja Barton”, Jessica Stolzenberger®, Mirjam Selzer”,

Kerstin Mehlmann®, Roland Schneider®, Daniel Pleissner*“, Jan Rinkel”, Jeroen S. Dickschat”,
Joachim Venus®, Jozef B.J.H. van Duuren®, Christoph Wittmann™"

Lignin Depolymerisation

‘ Polycondensation

| Hydrogenation | | Evaporation | with HOMA

Hydrogenation & Polymerisation

Hydrothermal
.‘Z‘?E?L“B?{iﬁg‘l_ @]
‘\'P - j
2

Lignin I Adipic acid Nylon-6,6
Bioconversion & Downstream Processing
Culture Biomass Vacuum Decoloration using Precipitation e
ngnnmontaJEr_\_' Ihamsthg_ separation | filtration activated carbon via acidification Lyopmhlhsamn_]

=N j.‘"- — Yoy TEN

hyul DES

WQ@W UNIVERSITAT
WM  SAARLANDES

|SB|0.

Institut fiir Systembiotechnologie

Demonstration of the value
chain from lignin to nylon.
The cascaded process
comprised hydrothermal
depolymerization of lignin to a
mixture of

aromatics, containing mainly
catechol, phenol and small
amounts of cresols;
biochemical conversion of the
aromatics to cis,cis-muconic
acid by the advanced
producer Pseudomonas putida
KT2440 MA-9; purification of
cis,cis-muconic acid;
hydrogenation to adipic acid;
and final polymerization to
nylon 6,6.

f\/\ ATB

Muconic acid

21



CHEMICAL BUILDING BLOCKS FROM VERSATILE MSW BIOREFINERY

BI0-BASED gl e ey
lN gTP'F% ; | . s i |ME&AL PERCAL's target products

* Public-Private Partnership % Visum |MEéAL exergy

:==2PERCAL

http://www.percal-project.eu/

B
: : &/ *“\1
e o e © oy
»
GA745828 funded by ]  BIOSURFACTANTS g ETHYL LACTATE SUCCINIC ACID BASED PRODUCTS
2
ol € cener ()| AIMPLAS tbw)
E tech ik e HiSEAR (9| AIMPLAS ¢ \
= = . FE—— BT G
2 YPAREX | HAW —
i P P

PERCAL will exploit Municipal Solid Waste (MSW) as feedstock to develop intermediate chemical products at high yield
and low impurity level with huge industrial interest. These will be complementary to the bioethanol, to achieve a cascade
valorisation of the MSW components, i.e.:

e Lactic acid (LA) to produce: 1) Eco-friendly ethyl lactate solvents by reactive distillation from lactic acid & bio-ethanol to
be used in cleaning products and inks and 2) hot-melt adhesives for cardboard and other non-food applications in
combination with maleic anhydride by reactive extrusion.

e Succinic acid (SA) as an intermediate building blocks to production of polyols for the polyurethane industry.

—  Biosurfactants by chemical and/or microbiological modification of protein and lipid fraction from remaining fraction of
MSW fermentation.



Pleissner, D.; Qi, Q.; Gao, C.; Perez Rivero, C.;
Webb, C.; Lin, C.S.K.; Venus, J.: Valorization of
organic residues for the production of added value
— chemicals: A contribution to the bio-based economy.
Biochemical Engineering Journal 116 (2016) 3-16
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Table 1
Com parison of results for productivity (P), yield (Y) and lactic acid concentration, in batch and continuous mode, from other investigations.
Substrate Strain Barh Continuous Refs.
P Y [LA] P Y [LA]
(sl—lh—l) (88—1) (81—1) (8‘—1*‘—1) (88—1) (81—1)
Xylose E. mundsi 208 0.90 44.10 3.14 0.86 21.70 [14]
6.15 101 41.00"
Cxswva starch L plantarum 0.80 N/S N/S 179 108 1896 [48]
8.00 121 20.00"
MRS medium L delvueckd 052 101 86.40 1800 1L03 20.70 [13]
Defatted rice bran hydmolysste L. rhamnosus 520 Q.95 84.00 620 0.98 86.00 [25]
Raw sugar (from sugarcane) S lasvolacticus 025 0.89 55.70 11.20 097 67.30 [29]

N/S: Not specified.

* Continuous mode with cell recycling.
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Review

A review on the current developments in continuous lactic acid

fermentations and case studies utilising inexpensive raw materials In Press, Corrected Proof,
José Pablo Lépez-Gémez, Maria Alexandri, Roland Schneider, Joachim Venus® https://doi.org/10.1016/j.procbio.2018.12.012
Table 4
Com positional analx‘sis of the substrates utilized in the case studies.
Sulxtrate Glucose Dissccharide (g1 %) Fructose/ Lacticacid  Dry mater Neg: PO S03 NH,*
g™ Galacose g™ %) (mgl™ %) (mgl1™") (mg17") (mgl™")
®1™"
Tapioca hydrolysate® 139.0 3.5 nd nd 117 113.0 6.0 %.1 0.0
Acid whey* nd. 258¢ nd nd 26.0 22880 683.0 2687.0 159.0
Mol xsses 56.6 506.0° 17.0° 297 848 2.1 71770 1500
Rapessad meal 5.4 L7 4.7 nd 47 2910 562.1 1596
k hydrolysste”
Outlet/cells
Hollow fibers
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k vV
o )
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Fig. 1. Schematic representation of hollow fibers membrane-integrated bioreactor system for cell-recycle continuous production of lactic acid.



Batch fermentation
in pilot scale
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Downstream processing of raw lactates & lactic acid
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Alexandri, M.; Schneider, R.; Venus, J.: Membrane Technologies for Lactic Acid Separation from Fermentation Broths Derived 26
from Renewable Resources. Membranes 2018, 8(4), 94, https://doi.org/10.3390/membranes8040094




Effect of several down-streaming steps on
the purity of lactic acid
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Pleissner, D., Schneider, R., Venus, J., Koch, T.: Separation of lactic acid and recovery of salt-ions from
fermentation broth. J. Chem. Technol. Biotechnol. (2017) 92: 504-511




Scale-up of bioprocesses |
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“Got a few problems going from lab
scaie up to full-scale commercial.”

(N ATB

) 4



4y,

The Danish Council *
NN for Strategic Research 7 n 1 7

NN
\w DANISH PRESIDENCY OF THE COUNCIL OF THE EUROPEAN UNION 2012
Universities, Research
The Copenhagen Declaration I“St'At:ptl?:d ZMES
. . . |
9. The conference also underlined the
need for new pilot and demonstration =2
plants and scaling up facilities, in V)
particularly biorefineries. It was stressed, 2
that the development of these facilities requires o,
smart integration of various funding sources, a
including the Common Agricultural Policy, the 8 23. August
Common Fisheries Policy, the Cohesion Policy, = D
the Renewable Energy Policy, Horizon 2020, and 2 o
private investments. MilchsSure aus Biomasee™
Leibniz-Institut fiir Agrartechnik
Potsdam-Bornim e.V.
Ind ustr! Emer, Do
Copenhagen conference “"Bioeconomy in Action” Industrial application
on 26 March - 28 March 2012 Large-scale productionw

10.01.2019 and Materials. — bioplastics MAGAZINE [03/11] Vol. 6, 52-55

Carus/Carrez/Kaeb/Ravenstijn/Venus: Level Playing Field for Bio-based Chemistry J\‘




Pilot plant facility

« pilot facility for production of lactic acid at the ATB consequently fills a gap in the
various phases of bioprocess engineering

« provision of product samples is intended to open up
the possibility of interesting partners in industry with
specific product requirements in various applications

[ 2258
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continuous fermentation with cell recycling »
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. Bio-plastic and medical technology

! Biotechnologically, lactobacilli are used to produce lactic acid on an industrial

scale - about 500,000 tons per year in Germany. As a food additive (E 270), lactic

.= acid increases the shelf life of baked goods, sweets and lemonades. Soaps, creams
- and detergents also contain the disinfecting lactic acid.

Linking several lactic acid molecules produces lactic acid chains called
polylactides. The resulting materials are stable but biodegradable, making them
bio-films and packaging. Medical technicians use polylactides for sutures and

implants that eventually disintegrate in the body.

ulch/n f/lm made of poly- Iactlc
acid is biologically building land.
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