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Our mission:

Our research is aimed at sustainable
intensification. We analyze, model and evaluate

. We develop and
integrate new technologies and management
strategies for a knowledge-based,

, and its
- from basic research to
application.

Leibniz-Gemeinschaft ;‘



http://www.leibniz-gemeinschaft.de/

Consideration of the entire value chain -
System‘s approach

'Biomass provision | chemicals & Materials

(Cultivation, harvest,
storage... e.g. short
\rotation wood, hemp)

Energetic use

(Biogas, wood pellets,

@ biotechnological
biochar)

products

Valorization of residues,| |sidestreams etc.



Industrial Biotechnology - Using renewable resources for industry

Biobased products and processes from renewable resources not only help
preserve the environment and climate,

but also make a significant contribution to the structural change from a
petrochemical to a biobased industry, with related opportunities for growth
and employment. Industrial biotechnology, also known as white
biotechnology, is an important driving force in this transition.
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Nationale Forschungsstrategie
BioOkonomie 2030

National Research Strategy
BioEconomy 2030

National Policy Strategy
on Bioeconomy

Renewable resources and biotechnological processes as a basis for food,
industry and energy

Unser Weg zu einer bis
Our Route towards a biobased economy (Short version)

Biorefineries Roadmap

as part of the German Federal Government action plans for the
material and energetic utilisation of renewable raw materials
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,Bioraffinerie ist ein integratives Gesamtkonzept fur die
, Werkstoffen, Brenn- und

Kraftstoffen sowie ggf. zur Erzeugung von Energie (zur Eigennutzung und/oder
Auskopplung) als Beitrag zum Nachhaltigen Wirtschaften unter moglichst

vollstandiger Ausnutzung der Biomasse (BM)“ [Def. VDI-Richtlinie 6310, 2016]

BIOMASS

Grains, legumes
and starch crops
(e.g. peas or maize) J

Sugaor crops
(e.g. sugar beet)

Agricultural residues
(e.g. wheat straw)

Food waste (e.g. food
processing waste)

Forestry materials |
(e.g. forest thinnings)

Animal by-products |
(e.g. manure)

Energy crops
(e.g. vegetable olis)
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Karte von 224 europaischen Bioraffinerien herausgegeben

BIC und nova-Institut zeigen die europaische Landschaft biobasierter Produktion
28.11.2017

Biorefineries in Europe 2017
Bioraffinerien sind das Herzstiick der Biookonomie. Hier werden ’

verschiedene Arten von Biomasse vollstandig verwertet und in eine .
Vielzahl von Chemikalien und Materialien umgewandelt. e

Die Karte unterscheidet zwischen "Bioraffinerien auf Zucker-/Starkebasis", die Bioethanol
und andere Chemikalien herstellen (63), "Bioraffinerien auf Ol-/Fettbasis - Biodiesel" (64)
und "Bioraffinerien auf Ol-/Fettbasis - Oleochemie” (54), "Bioraffinerien auf Holzbasis" o
(25), ausgenommen solche, die nur Zellstoff fur Papier herstellen, "Lignocellulose, die

nicht zu Papier verarbeitet wird" (54). .

Die Pravalenz von Bioraffinerien ist von Land zu Land sehr unterschiedlich. Die Art der o % S .e .
Bioraffinerie ist eindeutig abhangig von der lokal verfligbaren Biomasse. Bioraffinerien auf | ‘AR 4 ° 9

Holzbasis finden sich vor allem in Nordeuropa und "Bioraffinerien auf Zucker- und /%, "
Starkebasis" vor allem in Frankreich, Belgien, Deutschland und Ungarn, wo wir hohe
Ertrage bei Zucker und Starke sehen. * 8

Um diese Karte zu erstellen, flihrte das Kolner nova-Institut im Sommer 2017 eine 5 S8
umfassende Befragung aller europaischen Bioraffinerien durch. Das Projekt wurde im % £ =
Auftrag des Bio-based Industries Consortium (BIC) durchgefiihrt. Dazu wurden eine .

Vielzahl von Quellen ausgewertet und eine Online-Befragung durchgefuhrt, bei der sich -

Bioraffinerien registrieren konnten. SchlieBlich wurden 224 Bioraffinerien in ganz Europa s e
identifiziert und kartiert. The map can be downloaded for free at

. . . ) . o ) ' www.bio-based.eu/graphics or
Mehrere Dutzend weitere Bioraffinerien befinden sich derzeit im Bau. Die Karte in der Www.biconsortium.eu

rechten Box verfligbare Karte soll jahrlich aktualisiert werden.
[CHEMIE.DE
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SpecialChem - Aug 2014 - http://www.specialchem4bio.com/news/2014/08/20/lactic-acid-market-estimated-to-reach-usd-3577-5-mn-by-2019-
marketsandmarkets

The market for lactic acid is growing as it is largely used in various industrial applications such as in biodegradable polymers,
food & beverages, personal care products, and pharmaceutical industries. The lactic acid market is mainly driven by its end-
use industries.

___In 2013, Biodegradable polymers formed the largest application for lactic acid, followed by food and
beverages. The lactic acid market is estimated to grow at a CAGR of 18.8% from 2014 to reach $3,577.5
million by 2019.
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Press juice
Fresh juice (FS), silage puce (S7T)

Feed produact
- Protein concentrate (FJ)
- Amino acid concentrate (57T)

[
a Amino acid
- High-grade amino acid mixtures
[ .
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- Fermentation mednum
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Grass feedstock (fresh and silage)

Mechanical fractionating/pressing
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(fibrous fraction)

Biogas
- CHP (heat&power)
- Treatment (biogas, biomethane)

Fibre applications
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Beyond Petrochemicals: The Renewable Chemicals

Lig noce llulosic
hiomass

I Chemical physical |

1 ¥ 1
| Drefreatment

Industry**
P. N. R. Vennestrpm, C. M. Osmundsen, C. H. Christensen, and Esben Taarning*
Chermical Market type  Markel size Mazjor player(s) Feedstock
(Mty )™
acelic acid existing 9.0 - ethanal
acrylic acid existing 432 Arkema, Cargill/Movozymes glycerol or
glucose
C, diacids emerging {0.1-0.5) BASF/Purac/CSM, Myriant glucose
epichlorchydrin existing 1.0 Solvay, DOW glycersl
ethanal exisiting ] Cosan, Abengoa Bicenergy, ADM | glucose
ethyens existing 1o Braskem, DOW/Crystalsev, Borea- | ethanol
lis
ethylere gleol existing 20 India Glyeels, Dacheng Industrial | glucose or
sylitel
glycersl existing 1.5 ADM, P&G, Cargill vegetable oil
S-hydrosymethylfurfu- emerging - - glucose/
ral fructose
I-hydroxypropionic  emerging {=0.5) MovozymesCargill glucose
acid
isoprens existing | 0.1 (01-0.5) Danisco/Goodyear glucose
Emerging
lactic acid existing 0.3 (03-0.5)  Cargill, Purac (Atkemn a, ADM, Ga- | glucose
ermerging lactic
levulinie acid emerging  (=0.5) Segetis, Maine Bioproducts, Le glucose
Calorie
oleochemicals existing 10-15 Emery, Croda, BASF, Vantage vegetable
Olecchemicals oil/fat
1,3-propanedicl emerging  (0.1-0.5) Dupont/Tate & Lyle glucose
propylene existing 30 Braskem/Movozymes glucose
propylene glycol existing 14 (=2.0) ADM, Cargill{Ashland, Senergy, glyceral or
emerging Dacheng Industrial serbitel
pelhydroxyalkanoate  emerging {0.1-0.5) Metabo i/ ADM kglucnse )

L enin ] Il"-.'i._h'ul‘,-.'?ﬂd Cellulose
= Hemicelluloss
I
Emcymatic

M.A. Abdel-
Rahman et al.

Journal of

Biotechnology
156 (2011) 286-

301

Mainly

Pentoses

i
| Fermentation :

[2] Market size of an exdsting market is given as its current size including preduction frem fossil
resources; for emerging markets the expected market size is reported in parenthesis,

Table 1: Overview of chemicals that are currently
produced, or could be produced, from biomass
together with their respective market type, size of
the market, and potential biomass feedstock.
Major players involved are also given.
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Example green biomass:
Grass processing with a screw
press into juice and pellet

. S5
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Vodnar, D.C.; Venus, J.; Schneider, R.; Socaciu, C.: Lactic Acid Production
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by Lactobacillus paracasei 168 in Discontinuous Fermentation Using Lucerne
Green Juice as Nutrient Substitute. Chemical Engineering & Technology

for lactic acid production. Chem. Biochem. Eng. Q., 28 (3) 375-382 (2014) alternative source

Typical time course of a batch lactic acid
_ 33(2010) No. 3, 468-474 fermentation supplemented by conventional nutrients
— Papendiek, F.; Venus, J.: Cultivation and fractionation of leguminous biomass (open symbols), and green juice (solid symbols) as an




Performance of the continuous fermentation
based on cereals hydrolyzate

1

Continuous test conditions Biomass Lactate Productivity
[g-L] [g-L] [g-L""h"]
synthetic salts & nitrogen sources 9,2 80 7,5
synthetic salts & nitrogen sources 18,0 50 9,1
change to green juice 110 60 21,5
green juice after coarse filtration 110 65 25,0
green juice after microfiltration 120 72 26,3

= Reduction of the nitrogen/mineral salt concentration for the fermentation
with respect to the following down-stream processing

= Purification of the raw lactate up to a quality of the commercial available
substance

= Development of a basic continuous lactic acid fermentation process with cell

retention and control of the glucose concentration
(N ATB

Venus, J.: Utilization of renewables for lactic acid fermentation. Biotechnol. J. 2006, 1, No. 12, 1428-1432



Composition of liquid phases in the alfalfa press
juice at the Miincheberg site

Table 3 — Composition af liquid phases in the press juice at the Miincheberg site

Sampling | Dryv matter | Disaccharide | Glucose Fructose Nitrogen ' Crude Protein Phosphorus
date 13°C(%) | (gL (gL7) (gL7) (g L) (gL7) (gL7)

May 22 726 3.7 044 001 2.69 16.81 041
1% cut Tune 4 5.88 54 794 507 1.88 11.75 03

June 11 821 46 11.71 0.7 248 15.5 0.48

July 10 137 21 532 0.6 382 23 88 0.47
2 cut July 23 11.54 21 467 5.83 421 20.31 053

July 31 nd n.d nd nd nd nd nd

Aug 28 .26 455 124 8.04 422 20.38 038
3 cut Sept 10 84 31 11.0 102 3.68 230 018

Sept 18 0.61 2.86 10.1 72 L 296 p 18.49 012

nd. not detected

Papendiek, F.; Venus, J.: Cultivation and fractionation of leguminous biomass for

lactic acid production. Chem. Biochem. Eng. Q., 28 (3) 375-382 (2014) (/\\ g T B

09.07.2018 : e’ 12



Harvest time (]t Glucose Disaccharide Fructase Miial Fictal 50
PO2 2012 [x] |%/L] |z/L] (] [g/L] [giL] [z/L]
15t cut early 736 9.44 3.68 0.0 269 0.41 1.54
middle 588 7.04 5 3E 577 1.ER 030 1.09
late E21 1171 4.64 670 2.48 0.48 1.02
2nd cut early 737 532 272 B0 3E2 0.47 178
middle 1154 467 222 583 4321 0.53 172
late nd n.d. n.d. md n.d. n.d n.d.
3rd cut early 035 12.43 455 .04 412 0.38 0.956
middle E.40 10,99 3.22 10L16 3.68 0.18 175
late (A 110 1.BG 7.19 2.05 012 1.17
Harvest time . . P 507
FOZ 3013 4500 [wiL] [wiL]
st cut 1 " g 0.31 118
4600 - 0.22 .41
] - 0.3 0.85
2nd cut 1 Q.30 179
1500 .33 2.60
- [ ] .20 1.57
3rd cut i - 0332 1.07
WA~ "EHg W [ 032 262
—_ = .28 Q.85
= ] m N
2 2500 - L - m
3 - e Tt w
== 2000 - . u -
n ‘. m.
E . T
| |
1500 — S
] .
™ .
1000 H -
500 . . — , —
aQ 0 15 20 28 30 a6 41

Residual glucose [g/L]

Fig. 4. The correlation between the total nitrogen on the residual glucose in green juices in the batch fermentations.
- /N\) ATB

N’

Dietz, D.; Schneider, R.; Papendiek, F.; Venus, J.: Leguminose green juice as an efficient nutrient for L(+)-lactic acid
production. Journal of Biotechnology 236 (2016) 26—34
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Lactobacillus — lecker und gesund h

olie a

ist biologisch abbaubar.
© F. Kesselring, FKuR Willich

- 3§ i e Y Milchsaure fiir Bio-Plastik und Medizintechnik
Presse ;

i . 4 ..- o
Mikrobe des Jahres 2018 Kontakt/|

Biotechnologisch werden Laktobazillen
, eingesetzt, um im industriellen MaBstab
By S Milchsaure herzu-stellen - weltweit etwa
I , 7 ) e 500.000 Tonnen pro Jahr. Als

M | k ro bs d €S : ol ey Lebensmittelzusatzstoff (E 270) erhoht Milch-

' saure die Haltbarkeit von Back- und SuBwaren
sowie Limonaden. Auch Seifen, Cremes und
Spulmittel enthalten die desinfizierend
wirkende Milchsaure.

Durch Verknupfung mehrerer Milchsaure-
Molekule entstehen Milchsaure-Ketten, die
Polylactide. Daraus gewonnene Materialien sind
stabil, aber biologisch abbaubar, sodass sie zu

A e ) Bio-Folien und -Verpackungen verarbeitet
ZURUCK ZUR VAAM o o o
Mikesiotagia werden. Medizintechniker verwenden
Polylactide fur Nahtmaterialien und
Home Infoportal Mikrobiologie Mikrobe des Jahres 2018 Implantate’ d]e S]Ch naCh e]n]ger Zelt ]m

Korper zersetzen.

(N\) ATB

09.07.2018 Informationen, Experten-Kontakte, Bildmaterial:
T Dr. Anja Stdriko |Tel. 06192 23605 | info@mikrobe-des-jahres | www.mikrobe-des-jahres.de



http://www.mikrobe-des-jahres.de/

(N ATB

V Leibniz-Institut fur

Agrartechnik und Biookonomie

% Bundesministerium fiir
Erndhrung, Landwirtschaft
und Verbraucherschutz

Pram

To scroll through the latest research report 2016 click here ...
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