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Green Valleys

Projektpresentation

Green Valleys er et EU-projekt, der i lgbet af 2018-2021 etablerede en udviklingsplatform til
bioraffinering. Med et anlaeg | TOreboda, Vastra Gotaland og et i Foulum, Midtjylland,
kan vi demonstrere, hvordan bioraffinering kan udnytte greesarealer til at levere
baeredygtigt producerede energiprodukter og proteinfoder.

Gennem et svensk-dansk forskningssamarbejde viser vi, hvordan
cirkuleer gran biogkonomi kan udnytte landbrugets potentiale. Vi udfgrer system-
og lansomhedsanalyser, der viser bade klima- og miljgfordelene og forretnings-mulighederne
| regionalt dyrkede graesafgrgder, hvor graesset forarbejdes til baeredygtig energi og foder af hgj

kvalitet.
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Resultat der opfylder malene:

Demoplatformen for grgn bioraffinering pa AU Foulum er
etableret, gennemtestet og fungere praecis som det var
hensigten ©

Platformen er omdrejningspunkt for test og udvikling af gren
bioraffinering i Danmark, og et effektivt veerktgj til fremvisning
og kommunikation af den nye teknologi.

Prerequisites for achieving desired results and effects

Resurser och
organisation

1. Building a physical

Resultat (kort sikt) och effekter (lang sikt)

he physical

infrastructure is
used by researchers
and industry for

joint development - .
R e New biomaterials based on fiber

methods fractions from agricultural
sslands

Increased sustainable
production of bioenergy, as well
as sustainable and high-quality
protein feed (which can replace
imported soy), from agriculture
in the KASK area

A physicalinfrastructure for the
development and demonstration
of green biorefining in the KASK
area has been established

Acircular model and system
solution for bioenergy

production, using biomass fro
grassland with perennial crop

Delrapport aktivitet 3 — Platform etablering = ==
Uppbyggnad av en fysisk infrastruktur for ” —{ =
utvecklingsplattformen [

as raw material has been better plant sequences and
developedand tested thrger areas of grasslandin the
ASK area, which increases
solution s used by chrbon storage in the soil,
bioenergy improves soil fertility and
There is an established producers réduces the need for
withi dpmmercial fertilizers and
the KASK area between . esticides
researchers, producers of A border regional
[ collaboration

structure is New jobs in rural areas in the

bioenergy companies a_nd large KASK area (through increased

green biorefinery
implementation

WS

food and feed comp:

sustai agricultural profitability)

active

le and

There is increased knowledge
and interest among the project's
target groups on control systems
that effectively produce
bioenergy

phe number of collaborations for the
development of new technology, new
control instruments and methods to
promote increased renewable energy
production in the KASK area has
increased

The knowledge can
be put into practice




Hner’ey New Demonstration scale platform, 2019 Green Valleys

Trmmm—— 2 For research and technology development in green biorefining

AARHUS
/V UNIVERSITY
GINEERIN

GRONBIORAF

DEMONSTRATION SCALE TECHNOLOGY PLATFORM
RESEARCH AND DEVELOPMENT IN GREEN BIOREFINING
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Input: 10 ton/hr

Flexible process design

Automatic control and extended datacollectoin

Improved unit operations and processing
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AU FOULUM SIMPLE FLOW DIAGRAM
Green Valleys

Biomass Maceration Fractionating

Ensiling

Green input Feed for

Biomass Shredder Screw press Fibre pulp dairy cows
25-35% TS

10-25% TS
Fresh and un-cut

Filtered fibre

10-20%T5 Filtration

Bow screen

Juice
6-12% TS

Rest juice
2-5% TS

Protein Solid/Liquid
precipitation separation Protein

85C Decanter- concentrate
Heat exchange centrifuge

40-50% TS >95% TS

/ AARHUS HOFMANSGAVE FREMLEGGELSE MORTEN AMBYE-JENSEN

UNIVERSITY 7 MAY 2021 ASSISTANT PROFESSOR
TECHNICAL SCIENCES



PID OF THE DEMONSTRATION PLATFORM
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VIDEOS FROM
DEMOPLATFORMEN 7>~

DEMONSTRATION SCALE TECHNOLOGY PLATFORM
RESEARCH AND DEVELOPMENT IN GREEN BIOREFINING
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Green Biorefinery Pilot plant 2018
AU Demoplatform for Green Biorefining, 2019
Video for webinar Dec. 2020 Green Biorefinery - A green deal for agriculture
GO-GRASS video 2020 The Green Revolution, how Danish Grass replaces Soy in Animal Feed
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/ AARHUS HOFMANSGAVE FREMLAGGELSE MORTEN AMBYE-JENSEN ;e% ;
v UNIVERSITY 7 MAY 2021 ASSISTANT PROFESSOR PR

TECHNICAL SCIENCES


https://youtu.be/y_hX77wOYF8
https://youtu.be/lMYHuYNWdE4
https://youtu.be/y_hX77wOYF8
https://youtu.be/-SQOvnutkNY

Hvordan sikre vi fremtidig samarbejde og
udvikling?

Demoplatformen for grgn bioraffinering pa AU Foulum er en
aben platform for forskning, udvikling og samarbejde!

Demoplatformen kan samarbejde med ALLE der har gode idéer,
gnsker at bringe udviklingen fremad og dele erfaringerne.

Samarbejde kraever finansierede projekter —offentlige
midler/private fonde/virksomhedsfinansierede (inddakket virksomhed)

Delrapport aktivitet 3 — Platform etablering

Uppbyggnad av en fysisk infrastruktur for
utvecklingsplattformen

Prerequisites for achieving desired results and effects

Resultat (kort sikt) och effekter (lang sikt)
organisation
ncre:
. .
e
structure is

1. Building a physical stration
infrastructure for the of green biorefining in the KASK
development platform area has been established

Acircular model and system

Internal and external communication

bioenergy companies and largel
food and feed compani

4. Business

green biorefinery

implementation Ther e
and interest among the project's
ps on control systems

target u
WN ) :)li\:;:gre;luvely produce
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Successfuld
implementering af
Demoplatformen for grgn
bioraffinering i Foulum

Dette bidrager positivt til
alle tre punkter...

Beskriv utifran delaktivitetens malsattning:

e Hur utvecklingsplattformen praktiskt visualiserar
eller starker resultat.

* Hur resultaten blir en tillgang i att beskriva hur
en regional circular bioekonomi kan realiseras.

* Om och hur det gransregionala samarbetet i
delaktiviteten starker kunskapsspridning och
incitament till nya initiativ/investeringar i gron
bioraffinaderi och en 6kad regional
bioenergiproduktion.
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Resultat der opfylder malene:

Demoplatformen for grgn bioraffinering pa AU Foulum er blevet gennemtestet,
styringen er blevet tilpasset og fremstar logisk og operationelt, og processerne
som indgar i platformen er blevet optimeret én for én og i ssammenhang med
hele anlaegget ©

Anlzeggets fleksibilitet giver rig mulighed for test og optimering af alle aspekter af
processen. De forskellige tests i 2020 inkludere

eSammenligning af to neddelingsteknologier

e Test af hgstmetoder

e Test af forskellige udfeeldnings metoder

e Differentieret varmebehandling og separation af grgn og hvid protein

*Membran filtrering til separation af bade proteiner og kulhydrater (Ultrafiltrering og Nanofiltrering)

| 2021 er der flyttet rundt pa enhedsoperationerne til input, neddeling, presning og filtrering
— dette giver endnu mere fleksibilitet

Delrapport aktivitet 4.3 — Test og optimering

Test og optimering vil fortsaette

Test och optimering av processerna i grona mange ar frem! ©
bioraffinaderier
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Green Valleys

1000kg Wet biomass
190kg DM 19%DM
38kg CP 20%CP

Pulp Yield
470kg Wet pulp 47% (Ww/w)FM
146 kg DM 31%DM 77% (w/w)DM
26kg CP 18% CP 69% (w/w)CP
Maceration and

pressing

Green juice [yRuaEmes

Yield
Wet green juice 53% (w/wW)FM
44 kg DM 8% DM 23% (w/w)DM
12 kg CP 27%CP 31% (w/w)CP
/ AARHUS GREEN VALLEYS WORKSHOP MORTEN AMBYE-JENSEN %% g?
v UNIVERSITY 18 MAY 2021 ASSISTANT PROFESSOR * 3
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MASSE BALANCE - FORKLARINGSEKSEMPEL

1000kg Wet biomass
190kg DM 19%DM
38kg CP 20%CP
Pulp
470kg Wet pulp
146 kg DM 31% DM

26kg CP 18%CP

Maceration and
pressing

Precipitation and
separation

Green juice

Green juice Yield

530kg Wet green juice
I s 44kg DM 8% DM 23% (w/w)DM
DEPARTMENT OF ENGINEERING 12 kg CP 27%CP 31% (W/W)CP

53% (w/w)FM

Yield
47% (Ww/w)FM
77% (w/w)DM
69% (w/w)CP

Protein concentrate

35kg
16 kg DM 45% DM
8kg CP 51%CP

iiterreg

Oresund-Kattegat-Skagerrak
European Regional Development Fund  EUROPEAN UNION

Green Valleys

Yield
4% (w/wW)FM
8% (w/w)DM
21% (w/w)CP
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Wsis 1o

€I IN
Qx“? 404
R &

SITAS AR

“\\\“' 50y,
4



IMPROVING YIELDS OF PROTEIN IN DEMONSTRATION SCALE o W
TEST OF DIFFERENT TYPES OF MACERATION

m——_ The numbers are yields in %(weight/weight input material)

5. cut Grass clover, week 40 6. cut Grass clover, week 47, Severe maceration
100% 100%
T 90% T 90%
Q.
£ 80% £ 80%
T 70% £ 70%
g 60% g 60%
2 50% 2 50%
D 40% é" 40%
2 30% Z 30%
S 20% = 20%
>
0% . J . 0% -
P_SP2 Gluice LPC_h P_SP2 Gluice LPC_h Pulp Gjuice LPC_h
Stationary cutter Seco Severe maceration
Grass clover Grass clover
W Yield FM 35% 73% 4% 35% 83% 3% | Yield FM 21% 178% 5%
W Yield DM 74% 26% 11% 75% 26% 7% W Yield DM 52% 26% 17%
Yield CP 64% 36% 32% 78% 30% 19% Yield CP 34% 40% 40%
; Slowly rotating feed mixer with This process includes the stationary cutter and a rotary knife
Stationary cutter knifes cutter for meat processing. The cut biomass was mixed with
water/liquid and pumped into the rotary knife cutter
FM: Fresh matter; DM: Dry matter; CP: Crude protein ST
/ AARHUS GREEN VALLEYS WORKSHOP MORTEN AMBYE-JENSEN % 5;
v UNIVERSITY 18 MAY 2021 | ASSISTANT PROFESSOR s

DEPARTMENT OF ENGINEERING
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Test af hgstmetode og tid mellem hgst og proces

Green Valleys

Direkte opsamling, Skarlaegger, Skarlzegger,
Maxigrass 6-10cm Snittevogn Pgttinger Jumbo, 3,5cm Finsnitter, 1,3cm

Sep 2020, Klgvergraeesmark med hvidklgver, 15C, sparsom genvaekst (kort graes)
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kg protein konc. Per kg input graes

B Udbytter fra processering efter 1, 8, og 24 timer

Direkte opsamling,

Maxigrass 6-10cm

Skarlaegger,
Snittevogn Pgttinger Jumbo, 3,5cm

Green Valleys

Skarlaegger,
Finsnitter, 1,3cm

Maxigrass, Protein koncentrat udbytter

——FM —e—DM —e—CP

Finsnitter, Protein koncentrat udbytter

——FM —e—DM —e—CP

Opsamler, Protein koncentrat udbytter

——FM —e—DM —e—CP

0,25 0,25 0,25
0,20 0,20 0,20
0,15 0,15 /\ 0,15 \
0,10 0,10 0,10
0,05 . 0,05 0,05

° o— - L >— o— ——— —3
0,00 0,00 0,00

5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
FM: Fresh matter (vad veegt) DM: Dry matter (tgrstof) CP: Crude protein (raprotein)

Udbytter af proteinkoncentratet per maengde biomasse input

malt i vad vaegt, terstof og raprotein af input biomassen

AGROVAST SKIVEKOMMUNE
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Direkte opsamling,
Maxigrass 6-10cm

Udbytter fra processering efter 1, 8, og 24 timer

Green Valleys

Skarlaegger,
Finsnitter, 1,3cm

Maxigrass, Protein koncentrat udbytter fra grensaft

—e—FM ——DM —&—CP

&
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Skarlaegger,
Snittevogn Pgttinger Jumbo, 3,5cm
Finsnitter, Protein koncentrat udbytter fra grgnsaft
——FM —@—DM —0—CP
1,00
0,80
0,60
0,40 .\
0,20 -
000 & e —e
0 5 10 15 20 25

1,00
0,80
0,60
0,40
0,20

0,00

Opsamler, Protein koncentrat udbytter fra grgnsaft

—e—FM —@—DM —&—CP

@ —

0

5 10 15 20 25

FM: Fresh matter (vad vaegt)

DM: Dry matter (tgrstof)

* Udbytter af proteinkoncentratet per maengde grgnsaft

* maltivad veegt, teérstof og raprotein

S
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CP: Crude protein (raprotein)
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Green Valleys

Overordnet konklusion fra udbytter og protein indhold

» Det er generelt ikke markante forskelle pa det totale udbytte af proteinkoncentrat for hgstmetoderne.

* Det ser ud til at der presses mere saft fra de snittede hgstmetoder, men til gengzeld separeres der mere protein fra saften for
det Maxigraes hgstede

» Efter 8 timer kan vi ikke se markante generelle negative konsekvenser for udbytterne og proteinindholdet for nogen af
hgstmetoderne. For Maxigrass og finsnitteren ses der sagar en stigning i proteinudbyttet efter 8 timer.

* Udbytter og kvalitet falder markant efter 24 timer hvor kun under 10% af det totale protein kan findes i koncentratet.

* Dette er kun resultater fra ét forsgg, pa én biomasse, under ét saet vejrmaessige forhold !!!

* Resultaterne kan se helt anderledes ud nar biomassen er laengere og snitningen er mere effektiv og nar temperaturen er
hojere

* Viplanlaegger flere forspg af denne slags i 2021

(@ : JL / €Y

= A4 Fadny V€Y vistra
\\g/ Hus[:wignm%s SLU AARHUS UNIVERSITY ’\:{%:':;) CHALMERS v GOTALANDSREGIONEN
AGROVAST SKIVEKOMMUNE s N NATURBRUKSFORVALTNINGEN
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OPTIMIZATION OF PROTEIN CONCENTRATES

Green Valleys

Example with different process configurations and different biomasses, June 2020

Acidified with HCL

Fermented

Heatedto 85° C

Heated to 60 ° C followed by 85 ° C

Optimizing protein
yield and quality from

Lucerne
Grant: GUDP (DK)
2019 - 2022

From 2020 all products are dried on site

O O O O o
4
o pmmmmm——
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Udbytter i forskellige proces-scenarier/udfaeldnin St vaiiess
Resultater fra test 2020

Ved fermentering: 13,8-18,1 kg DM
Ved syre feeldning: 11,9 kg DM

I 18,1 kg DM 15,6 kg DM
Presning af 1000 L I

biomasse Grgn

E— otz —

3,5 kg DM I I 29,3 kg DM




Storage tank Pre-heating tank Anaerobic filter

Biogas Jf\

Delrapport aktivitet 4.4 A: Bromaw ﬁi— P —— -~

extraction

Testing and optimization of biogas production of the
press juice with UASB reactor. (bif,';f!s“.;‘lf.id,——'[

Data

storage

Resultat der opfylder malene:

Malet for delaktiviteten var at finde ud af, hvordan og hvor godt brun
juice kan omsaettes til biogas uden tilseetning af andre substrater.

Dette er testet og publiceret i felgende review article:

Process Safety and Environmental Protection 146 (2021) 886-892

Contents lists available at ScienceDirect

Konklusionen pa studiet er fglgende: S
This study demonstrated that an anaerobic packed-filter reactor coupled with pre-heating eS8l
tank is feasible for treating BJ to produce biogas.

Process Safety and Environmental Protection IChemEEE

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

Pilot-scale anaerobic digestion of by-product liquid (brown juice) )

The CH4 production was 230 mL gCOD-1 d-1 corresponding to a COD removal of up to frOM 8rass profein extraction using an un-heated anaerobic flter 5

Lu Feng?®*, Alastair James Ward?, Morten Ambye-Jensen®, Henrik Bjarne Moller?

8 O % a t 5 . 5 d a yS Of H RT. * Depariment of Engineering. Aarhws University, Blichers Allé 20, 8830, Tjele, Denmark

* Department of Engineering Aarfus Uiniverstty, Finlandsgade 22, 8200 Aarhus N, Denmark

Alteration of feeding frequency from once to twice per day enhanced the AD’s stability as T — T iy e i iy

it narrowed the temperature variation and decreased the impact on buffer capacity. ;iﬁﬁ:‘::?fﬁ%éﬁ;fm S SR B
el e S ':c,.";:;:ﬂ

Investigation into microbiome changes in response to various parameters or process E‘jjt; e S l—

modelling will be useful in the future.




Delrapport aktivitet 4.4 B:

Energy optimization and integration between
bio refinery and biogas plant

Resultat der opfylder malene:

Malet for delaktiviteten var att minimera energiférbrukningen ved hjzelp af
en hdg processintegration mellan bioraffinaderiet och biogasanlaggningen

Biogas forspg med bdde brun juice og fiberfraktion "Siame (o

Proces modellering til optimering af energiforbruget i biorafinaderiet s 5545

DEFARTMENT OF EMNGINEERING



4.4B
Energy optimization and integration between bio refinery
and biogas plant

A part of a much more holistic approach that includes the entire green
biorefinery, integration of many different technologies for many
different products and application

Aikaterini Mountraki was creating a decision tool based on Modular
Superstructures - Aikaterini got a job in JRC from Feb 2021.

Thalles Andrade will take over this task
(among other R&D tasks within modelling and biorefinery integration)



160%$/tn  1kr/kg inierreg

Green Valleys

* 160$/tn i1 .00kr/kg
E

GRB Value Chain

0.04%/kWh  0.25kr/kWh
0.048%/kWh  0.31kr/kWh
EP HP

_______________ > Feed_R

400$/tn  2.50kr/kg

@ <-----m--- S LEETTLE > Feed_M

e i ——--—1‘ 40,000$/tn  250.00kr/kg
o Gl [
! -——-p
= mm o R
----- >

- Fishmeal

1,000$/tn  640.00kr/kg

1
ViscoseP
ulp
4

Viscose EtOH

1,0008/tn  640.00kr/kg 1,700$/tn  1,100.00kr/kg
01/06/202108/10/2020



GREEN Biorefinery integration

.-GAMS

Process design and optimization
Nonlinear programming problem

aspen
Process validation

Thermodynamic models and components specification

Objective Function: max Profit = Revenue — Cost® — CostM —CostW -Cost*

Revenue: To Consumer Units

Capital Cost: Process Units Material Cost: From Supply Units

Revenue = 7 7 7 sp; * Finy Cost® = Z Cost,, CostM = 7 7 S‘ppn . FOUT
m

min
m jeJB n

m i€els n

Waste Cost: To Treatment Units Energy Cost: Hot & Cold Utilities

Cost"V = y S: 5: ton - FTInj\;n Cost® = Z PPn Z(Q#Ln + Q'gln)
n m

m jejW n




GREEN Biorefinery superstructure

drying

PRETREATMENT | MECHANICAL | INTERMEDIATE PROTEIN SEPARATION AND! INTERMEDIATE |, TREATMENT PRODUCTS TREATMENT PRODUCTS
FRACTIONATION PRECIPITATION | PURIFICATION
Green . Screw Presscake . Presscake Feed for
- Washing - Ensiling - :
Biomass press1 fiber silage ruminants
l l l Pulplng,m(:!dlng, BiO‘
regeneration, .
Harvest Mapera- Screw spinning materials
tion press2
l Pyrolysis Biochar
Rotacut :
Anaerobic . .
l 1 digestion » Biogas CHP » Hectricity
i Enzyme — Heat
DISrUptOr hydr0|y5is Purifica-
tion -
I \ Bio-
Fermenta- methane
tion
TT Fertilizer
Y Green Fermenta- Centrifu- Brown Nano- Lactic
juice tion gation juice filtration acid
l I Single-cell
. Ultra- protein
Heating 1 filtration
Astaxan-
l thin
. Micro- -
Heating 2 filtration White
protein
¥ chemical Am_ino
treatment acids
Protein con- | Feed for
centrate monogastric
Freeze-
drying
Spray- PC paste




Delrapport aktivitet 4.4 B:

Energy optimization and integration between
bio refinery and biogas plant

Resultat der opfylder malene:

Malet for delaktiviteten var att minimera energiforbrukningen ved hjaelp af en hog
processintegration mellan bioraffinaderiet och biogasanlaggningen

Biogas fors@g med bade brun juice og fiberfraktion m;mmangs‘

AARHUS
Proces modellering til optimering af energiforbruget i biorafinaderiet /v UNIVERSITY

Den holistiske modellering med biorefinery superstructures vil fortszette efter projektets afslutning.
AU BCE vil levere en mere konkret energibalance med og uden biogas integration.
Interessante spgrgsmal der kan besvares:

Hvor stor en andel af brunsaft/fiberfraktion skal der bruges til biogas, for at give energi nok til
bioraffineringen?

Hvor meget mere energi kan der producers hvis (i) alt brunsaft anvendes til biogas (ii) alt fiber
anvendes til biogas (iii) begge fraktioner anvendes til biogas




Delrapport aktivitet 4.4 C:
Production of bioethanol from the fiber fraction

Resultat der opfylder malene:

Malet for delaktiviteten var att testa och optimera produktionen av bioetanol ifran
fiberfraktionen.

For at fiberfraktionen kan fermenteres til ethanol skal den behandles med en

forbehandling og en enzymhydrolyse.

Dette blev udfgrt i 2019 og resultaterne er inkluderet i sidste ars afrapportering.

| 2020 var det planen at arbejde med optimering af denne forbehandling og
enzymhydrolyse for at fa mere end de 85,5% potentielt ethanol der blev opnaet. Disse
aktiviteter har dog veeret begraenset af at Chia Wen Hseih (Postdoc pa AU ENG) forlod AU i
sommeren 2020. Derfor er der ikke feerdiggjort nye forsgg pa optimering af forbehandling
og enzymhydrolyse.

Kamaljit Moirangthem arbejder videre pa dette i Ipbet af foraret og sommeren 2021.



Sugar release from fiber fraction

Hemi- Structural Crude
Feedstock Pretreatment conditions Cellulose Lignin
cellulose inorganics protein

None 21.1 11.4 14.9 16.6 13.8
Lucerne pulp
190°C hydrothermal FP-H 44.9 5.4 11.4 16.3 36.5
Anaerobic environment for 4 weeks at
Lucerne pu'p s temperature EFP 21.6 9.2 22.0 9.8 16.1
silage
190°C hydrothermal EFP-H 46.3 7.6 9.2 13.1 35.2
100
90
_ 80
2 70
g 60
* Enzymatic hydrolysis with Cellic CTec3 (Novozymes) S 50
T 40
2 30
NS
20
10

FP FP-H EFP EFP-H



Potential bioethanol yields

85.5% glucose conversion from fresh pulp hydrothermal
pretreatment

e Equivalent 0.19 g glucose produced/ g DM loading

* Expected 0.097 g ethanol produced/ g DM



GRASS FIBERS PROCESSING

Composition Setup Setup
Moisture, Ash, ASE (up to 200 °C); Cellulases Ctec3/2
Extractives - TPC, Hemicellulases Htec3
CHNS, Lignin, Sand bath Pectinases
Total sugars (Opti.) (above 200° C)
Pretreatment Hydrolysis >
Hydrothermal "
Mild acid/Alkall Ergg’mgiﬁg{i‘ggf”
lonic Liquids Biomass ¥
2 press, Combination Combination Bio Chemicals

Upstream Midstream Downstream
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GRASS FIBERS PROCESSING

Expected outcomes

 Compositional data of the different biomass

 Comparison of different pretreatment(s) and condition(s)

* Impact of pretreatments on enzymatic digestibility

* Impact of mixed feedstock

* Impact of harvest and no. of press

* Optimal process for biomass combinations for fermentable sugars

/ AARHUS GREEN VALLEYS CONFERENCE KAMAUIT MOIRANGTHEM
v UNIVERSITY 19 MAY 2021 POSTDOC
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Delrapport aktivitet 4.4 D:

Biorefining of sugar grass for biogas production
or bioethanol

Resultat der opfylder malene:

Malet for delaktiviteten var att testa bioraffineringen av sarskilt utvalda sockergrassorter och analysera
produktionsforandringarna i saval bioraffinaderierna, biogasanlaggningarna och bioetanolproduktionen.

Dette er en del af den holistiske modellering med biorefinery superstructures.

Sukkergraes er processeret 5 gange hen over saesonen 2020.

Samtidig er der lavet mange forsgg med vaerdiskabelse af brunsaften herfra eller fra festullolium/rajsvingel.

Gossaye Weldegiorgis Tirunehe har abejdet med nanofiltrering for at producere et koncentrat til
fermenterings-substrat og et permeat til ggdning og vanding

Flere MSc projekter har kigget pa fermentering af brunsaften til hhv. Ethanol, Astaxanthin og Single Cell Protein

Pa denne made er der produceret en masse data, som skal anvendes til den holistiske modellering
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Modelling and Experimental Evaluation of

Brown Juice Fermentation to Ethanol

Department of Engincering, Aarhus University

Bodil Hinge Jepsen

January 5, 2021

Sc om bioethanol fra brunsaft

Figur 3: Resultater fra ethanol fermenteringsforseg med forskellige brunsaft substrater. Resultaterne er taget fra Bodil Hinge Jepsens speciale rapport.

Green Valleys
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Figure 4.1.8: The result curve from the fermentation of evaporated BJ18.

Figure 4.1.4: The result curve from the fermentation of evaporated BJ30.
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Table 4.5.2: Overview of the costs in mio. USD estimated in the techno economic analysis and the financial metrics.

Absorbent The analysis is based on the equipment cost from APEA.
Yeast + air COy
Raw Bl Nanofiltrated BJ Evaporated BJ18 Evaporated BJ30
¥ ¥ Equipment cost deliverad | 0.30 0.30 0.31 0.28
Direct costs 0.90 0.90 0.94 0.84
BJ CBJ - Broth : Et0H Indirect costs 0.38 0.38 0.39 0.35
————» Pretreatment » Conversion » Separation f———»
Fixed capital investment 1.28 1.24 1.33 1.20
Working capital 0.22 0.22 0.23 0.21
Total eapital investment 1.50 1.50 1.56 1.40
st By-products N - — — — : -
> > Produetion rate [kg,/h| 3.34 13.90 3.60 3.02
Utilities cost
Figure 3.2.1: Flow sheet of the overall process. 3000 h | 0.003 0.005 0.01 0.02
8000 h | 0,01 0.01 0.04 0.04
Total product cost
30000 | 0.02 0.03 0.10 0.11
8000 h | 0.05 0.09 0.27 0.28
Revenme
3000k | 0.01 0.04 0.01 0.01
8000 h | 0.02 0.10 0.03 0.03
Figur 4 viser resultaterne fra den efterfglgende Product cost pr it
teknogkonomiske analyse. [8/kg ExOH]
3000 h | 1.97 0.80 9.00 8.04
8000 h | 1.97 0.80 0.00 8.04
Studiet af ethanol produktion fra brunsaften konkludere [ rOI (%] A
overordnet at det ikke kan betale sig gkonomisk at fjerne den o - o -
store maengde vand der er i brunsaften, for at producere et NPV [mio. §]
produkt med s relativ lav vaerdi som bioethanol har. o o o o
IRR (%]
30000 | - -13 - -
\ 8000 h | - -10 - - )

Figur 4: Teknookonomiske resultater fra Bodil Hinge Jepsens speciale. Der er regnet pa fire scenarier
svarende til at bruge de fire brunsaft substrater vist i figur 3. (rd, nanofiltreret, inddampet til 18g/L og
inddampet til 30g/L)




UTILIZATION OF SOLUBLE COMPOUNDS IN THE RESIDUAL JUICE

CBIO

AARHUS UNIVERSITY CENTRE FOR
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Prerequisites for achieving desired results and effects

Resurser och

organisation

Management
Team

Steering
1 group

Activity
leaders

\\\I)

Internal and external communication

Aktiviteter

1. Building a physical
infrastructure for the
development platform

$

2. Testing and
optimisation of
the processes in green
biorefinery

9

3. System analysis of the
concept
green bio refineries

.

4. Business modeling for
green biorefinery
implementation

A physical infrastructure for the
development and demonstration
of green biorefining in the KASK
area has been established

A circular model and system
solution for bicenergy
production, using biomass frony
grassland with perennial crops,
as raw material has been
developed and tested

There is an established
collaborative structure withi
the KASK area between
researchers, producers of
biomass,

bioenergy companies and large
food and feed companies

There is increased knowledge
and interest among the project’s
target groups on control systems
that effectively produce
bioenergy

The physical
infrastructure is

used by researchers

and industry for
joint development
of technology and
methods

The circular model
and system
solution is used by
bioenergy
producers

A border regional
collaboration
structure is
established,
sustainable and
active

The knowledge can
be put into practice

Resultat (kort sikt) och effekter (lang sikt)

Increased sustainable
production of bioenergy, as well
as sustainable and high-quality

imported soy), from agriculture
in the KASK area

, protein feed (which can replace

New biomaterials based on fiber
fractions from agricultural
grasslands

Better plant sequences and
arger areas of grasslandin the
JASK area, which increases
hrbon storage in the soil,
proves soil fertility and
duces the need for
qommercial fertilizers and
pesticides

New jobs in rural areas in the
KASK area (through increased
agricultural profitability)

fhe number of collaborations for the
development of new technology, new
control instruments and methods to
promote increased renewable energy
production in the KASK area has
increased
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Chalmers beskrivning av systemanalys for grasbaserad bioraffinaderi

Fertilizer
production

Yam
GOTALAN DSREGIONEN

NATURBRUKSFORVALTNINGEN
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