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Focus: Biorefineries integrated in industrial
complexes — leading to decarbonization and
energy efficiency

Interdisciplinary approach: industrial technologies,
energy efficiency and biomass conversion
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 Integration of bio with oil refineries

* Bio-CCU options yielding hydrocarbons/nydrogen (e.g. EU DESIRED photocatalytic bio-

CO2 conversion to C2+ molecules)
* Energy efficiency and Renewable energy for biorefineries and biobased industry

« Extending biorefinery pathways (e.g. new products, new energy usage) towards

decarbonization

- technology and systems aspects for a better use of energy
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IEA IETS Task Xl Industrial Biorefineries
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International Consortium: Finnland, Schweden, Canada and Portugal

: . o _ ENERGIEINSTITUT
Austrlan Consortlum: AEE INTEC & Energlelnstltut an der JKU LInZ an der Johannes Kepler Universitat Linz

TU WIEN, Institut far Verfahrenstechnik, Umwelttechnik und Technische Biowissenschaften
SUBTASK 1: Decision Support System and Ex-Ante Research — criteria to evaluate strategies

SUBTASK 2: Net-zero/Negative emission biorefineries - concepts for integrated biorefineries to reach

net-zero/negative emissions
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Optimized Biorefinery
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Combined energy and ressource efficiency
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Higher focus on resource use for material products, lower energy generation
potential, can require energy In processing, utilities, chemicals etc.

Are resource and energy efficiency contradictory?

* Decision support systems (DSS) are available:

— Advantages for integrating a biorefining technology
— Technical impact
— Scenarios of being economical and ecological

« Weak points of DSS: combined consideration of energy and resource

efficiency

Key performance indicator set
@ to evaluate energy and resource efficiency
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Methodology
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Holistic consideration of combined resource & energy efficiency based on
real case studies

Elaborate new (optimized) system concepts

Define key performance indicators (KPIs) to analyze energy — and resource
efficiency

2. KPI application

1. KPI definition Definition of case
studies

KPI categorization Mass/energy
balances

Apply optimizations
(energy + resources)

Calculate KPlIs
Benchmark results
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KPIs - Dimensions

Specific KPIs Global KPIs Benchmark KPls
for individual for the entire system to compare different
process steps scenarios and

AEE INTEC

biorefineries with
each other
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CS1: WWTP - Scenarios of optimization
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Precleaning Sludge treatment
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— Substitution of the primary clarifier with a
cellulose recovery system (product = wet
cellulose pulp)

Fig.: Scenario 1 & 2
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=RS 1 - Kldranlage als Bioraffinerie

KPI
Energy consumption
Grade of waste
Resource recovery
Specific biogas yield
Water recovery
Product efficiency
GHG emission

CS1: WWTP Results

Treibhausgasemissionen

Produkteffizienz

Endenergieverbrauch

1.80
1.60
1.40
1.20

A0

Wasserriickgewinnung

e (0S 1.1 - Integration einer Vorklarung

Reference [%)]

100,00
100,00
100,00
100,00
100,00
100,00
100,00

121,39
125,81
102,59

138,68
99,97
138,68
101,76

0S 1.2 - Integration einer Membrandestillation

Scenario 1 [%]

Abfallgrad

Energieertrag

Ressourcenriickgewinnung

Scenario 3 [%)]

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES

(S 1.3 - Integration einer Zelluloseriickgewinnung

84,80
64,32
101,22

67,87
100,04
227,50

90,95

Scenario 1&
1 Biogas yield
£ Product efficiency
- Energy demand
(low grade)

Scenario 3:

I Energy demand

! Waste

¥ Product efficiency
Biogas yield

Output = wet cellulose
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KPIs to trigger improvements
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« Evaluation of combined energy- and
resource recovery essential for

biorefineries
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IEA IETS Task 11 Industrial Biorefineries
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International Consortium: Finnland, Schweden, Canada and Portugal

: . o _ ENERGIEINSTITUT
Austrlan Consortlum: AEE INTEC & Energlelnstltut an der JKU LInZ an der Johannes Kepler Universitat Linz

TU WIEN, Institut far Verfahrenstechnik, Umwelttechnik und Technische Biowissenschaften
SUBTASK 1: Decision Support System and Ex-Ante Research — criteria to evaluate strategies

SUBTASK 2: Net-zero/Negative emission biorefineries - concepts for integrated biorefineries to reach

net-zero/negative emissions — START 2022
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Energiesysteme in die

Industrie
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Ziel 1: Globale KPIs ¢ technisch, 6konomisch und exergetisch Dekarbonisierung des
Industriellen

Energiesystems durch
Ziel 3: Kontrollstrategien* optimierte Betriebsweise optimierte Kombination

Ziel 2: Systemsimulation*® Kombionation ST/PVT/WP/PV/Speicher

erneuerbarer
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Example on research on negative emission
AEE INTEC Concept

Climate-positive brewing

Abschatzung CO,-Bindungspotential - Verwendung verbrauchtes Kultursubstrat zum Humusaufbau

Jahrlicher Garrestanfall Brauerei GOss 20 000 to/a
Anteil Flissigphase nach Separation 85% 17 000 to/a
Anteil Garrest Festphase nach Separation 15% 3 000 to/a
Garrest Festphase - verflighar fir Weiterverarbeitung 3 000 to/a
Anteil Garrest im fertigen Kultursubstrat (Verhaltnis Garrest zu biogenen Zuschlagstoﬁen)" 1:9
Erzeugungspotential Kultursubstrat auf Garrestbasis 15 000 to/a

CO, gebunden im Dauerhumus je Tonne Aus.g:;ang_:]ssubstrat2 0,260 to_CO./to
Potential Jahrliche CO,-Bindung 3 895 to_CO,/a

1) Bei Herstellung eines Kultursubstrates wird der Garrest mit biogenen Zuschlagstoffen (z.B. Strohhacksel, Bio-Fasern etc.)
vermischt/gestreckt werden um einen optimalen Nahrstoffgehalt bzw. Pflanzenvertraglichkeit zu erzielen.

2) Quelle: Verband der Humus- und Erdenwirtschaft e.V

Recycling / — . .
Frischwasserersatz Fliissigfraktion Festfraktion

BN BN NN BN BN BN BN BN BN EE BN BN B | ------ﬂ

Girrest Elr\nvl::lrz:g Entwicklung verbrauchte €02-Bindung
Bio-Substrat Substrate  Kohlenstoff

Storage Tank destillation . : Bio-
BIOGAS (DCMD) auf Garrestbasis Gartenbal (Kohlenstoﬁ)! l | I
V (Gewéchshiuser) Ackerflichen
/o7 Bio-

BIO ~ [ Kultursubstrat
fliissig

" @ Bio- _ End-
| Trennung Universalerde verbraucher

4

WWWw.aee-intec.at AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES IEA Vernetzungstreffen 27.9.2022 |IEA IETS Task XI




& ENERGIEINSTITUT JXU

an der Johannes Kepler Universitat Linz UNIVERSITAT LiNZ

Kohlenstoffabscheidung und -verwertung
...eine Frage der Systemgrenze und der C/?
Bindungszeit g R

CO; CO; CO; “ “
‘lF ‘l % %l atmosphere
technospere

material/

CO.-capture auxiliaries/ energy
feedstock

storage duration

conversion
& product based product
synthesis

End-of-Life

CO;, feedstock

Quelle: Energieinstitut an der JKU basierend auf Zimmermann, A. et al. (2020)

» Der Energie- und Materialbedarf fur die CO,-Abtrennung muss berucksichtigt werden.
»  Da CO, aus Punktquellen hochstwahrscheinlich ein "Nebenprodukt" ist, sind die
Ergebnisse von der Allokation und der Expansion der Systemgrenze abhangig.




Workshop — Ruckblick 20.9.2022
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Conclusions

* New biorefinery pathways and products are highly important

« Material use of biomass can lead to requirement of energy supply: energy
efficiency tools and renewable energy

« Holistic KPIs taking into account dimensions of energy, resource, waste,
water, emissions, product....can trigger further (economic) optimization and
circular economy

* Net-zero emission concepts in biorefineries will be elaborated and collected
In the future — stay in touch with IEA IETS Task 11

Ansprechpartner:

Bettina Muster-Slawitsch, Sarah Meitz AEE INTEC
b.muster@aee.at

Johannes Lindorfer, JKU Energieinstitut

lindorfer@energieinstitut-linz.at
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Sebastian Serna, TU Wien QR

sebastian.serna@tuwien.ac.at
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