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1. Acircular bioeconomy based on modern biorefineries
—> that would be a much more integrated system of systems than the current one

2. Defining “integration”

3. Isn’t your bioenergy research all about integrating processes and systems as well?
4. How to measure “synergies”? Two sides of a coin!

5. Towards a common framework,

6. boosting bioenergy research and the IEA Bioenergy impact in the next triennium?
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Pre-study — Bioeconomy Synergies (2019-2021)

Schipfer, F., Burli, P., Fritsche, U., Hennig, C., Stricker, F., Wirth, M., Proskurina, S., Serna-Loaiza, S.,
2024. The circular bioeconomy: a driver for system integration. Energ Sustain Soc 14, 34.

https://doi.org/10.1186/s13705-024-00461-4

—> Different types of resources relevant for
a future Circular Bioeconomy

- Supply and demand of all (!!) resources
are somewhat variable

- Connections between different types of

networks create opportunities
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Pre-study — Bio«

Schipfer, F., Burli, P., Fritsche,
2024. The circular bioeconom!
https://doi.org/10.1186/s13705

—> Different types of resources
a future Circular Bioeconon

- Supply and demand of all (!
are somewhat variable

- Connections between difi
networks create opportur

Fabian Schipfer

“Fresh biomass
trade & storage

Energy
commodities
trade

CO2 grid &
storage

Hydrogen grid &

storage

Springer Journal on Energy, Sustainability and Society
The Circular Bioeconomy, beyond synergies and
competition with full electrification strategies

Guest editors: Fabian Schipfer and Svetlana Proskurina
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Understanding system integration

Task40 BioSyn initiative Triennium 2021-2024 results summary forthcoming

Definition of integration:

The process of combining at least two elements to form a whole.

Note 1: Elements can be resources, infrastructure, tech components, processes ...

Note 2: Intangible (non-material) elements can be social structures, relations, ...

Note 3: The whole is more than the sum of its parts.
Synergies are (1) the ability to exchange resources or to improve resource flow efficiency
Synergies / co-benefits / ,externalities” are (2) improved resilience of the individual elements

Fabian Schipfer 5
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Understanding system integration

Task40 BioSyn initiative Triennium 2021-2024 results summary forthcoming

Definition of integration:

The process of combining at least two elements to form a whole.

Note 1: Elements can be resources, infrastructure, tech components, processes ...

Note 2: Intangible (non-material) elements can be social structures, relations, ...

Note 3: The whole is more than the sum of its parts.
Synergies are (1) the ability to exchange resources or to improve resource flow efficiency
Synergies / co-benefits / ,externalities” are (2) improved resilience of the individual elements

Sector coupling Industrial  Hybrid energy Multisector dynamics Energy Community

(electricity) process symbiosis solutions (earth-human system) (Europe)
intensification (industry —  (IEA TCPs) Land-water-enerav nexus  Multi-risk
(industry - strategic) (system modellilfg) (Risk
operation) management)
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Workshop on value chain networks (Nov 2022)

Between |IEA Bioenergy TCP Tasks 40, 42, 43, 44 & 45 and Horizon Europe Branches project
Organized by Fabian Schipfer & Biljana KuliSi¢, Editor: Bas Heukels
https://www.ieabioenergy.com/wp-content/uploads/2022/12/BioSyn_Workshop_report_ Nov2022 v2.pdf

What exactly are the opportunities emerging from system integration?

Task 40: From supply chains and waste disposal chains to value chain networks
- relevance of infrastructure and networks
Task 42: Biorefineries and green hydrogen for carbon-to-chemicals
—> integration possibilities between bioenergy, PV, Wind, and biobased materials
Task 43: Biohubs improving feedstock mobilisation and diversification
-> regional socio-economic benefits for multi-level governance
Task 44: Bioenergy providing flexibility for energy systems with high PV, Wind shares
—> relevance of storage and system integration fundamentals
Task 45: Climate and sustainability effects beyond CO2-emission reduction
- broader SDG nexus and multi-goal coupling

Fabian Schipfer 7
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First 50% value of system integration (IEA IETS collab)

Task40 close collaboration with IEA ETS Task11 on industry-based biorefineries
Joint IEA IETS Task 11 Workshop — Biorefineries towards net-zero emissions 2023 Nov 7th

.. _—
Extendgd ener_gy and rgsoyrce ei_‘flmenmes P | | Ciekion diotxide
A portfolio of efficiency criteria required for evaluating biorefinery processes nmwomatonBio-methane 7"

Fossil fuels Concrete & asphalt

Data Chemicals Nutrients Fresh air

“Austrian Task11 report, 2023 reed mﬁﬂg‘gagrﬁ?pii'aaggéi’:m n—

Meitz S., Muster-Slawitsch B., Lindorfer J. BlomaSS residues

c 5 Agriculture produl_rlzt%Labour
ase studies: Metal ores Biodi i rogen

« Waste water treatment Monhey BEPE%S%E{%!%M% & gr;gave_l

 Heat and power and fertlizer from lignocellulosics Renewable 9|9Ctr|C|ty

« Ethanol, electricity and heat from straw KI’]OWlEdge

- Beer brewery with protein extraction (Judith Buchmaier) Relevant resources can be biogenic or abiotic,

- Bioactive extracts from Organosolve biorefinery in different states of matter (solid, liquid, gaseous)

(Sebastian Serna-Loaiza) or even intangible.
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Second 50% value of system integration

“Uncertainties workshop” organized for IEAB Task40 in Utrecht (November 2023)
Review paper forthcoming on Austrian modelling capacities from a national research project

Reliability, resilience and robust processes and systems

Atmosphere  Biosphere Hydro/ Geosphere
Cryosphere

Human-system (O
uncertainties g"

Technosphere Sociosphere Cybersphere Econosphere
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Second 50% value of system integration

“Uncertainties workshop” organized for IEAB Task40 in Utrecht (November 2023)
Review paper forthcoming on Austrian modelling capacities from a national research project

Reliability, resilience and robust processes and systems Uncertainty types:
Earth-system ‘ ’ ‘ A\ Il\‘. Trends ./il
uncertainties (scenarios)

Atmosphere  Biosphere Hydro/ Geosphere JV\" Variabilities _4/\,_
Cryosphere (operations)

¢ ) ¢
Human-system e @Y Extremes ’
uncertainties QJ (disaster risks)

ONLX
Technosphere Sociosphere Cybersphere Econosphere ’Y.Q gﬁi‘;fgﬁssks) Y
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Second 50% value of system integration
IEAB Task44: System integration creates flexibility

Flexibility is the ability to shift resources

* through time, < short-,medium-,long term storage (modern & traditional!)

« through space, < via networks and trade (gas,liquid,solid,pipelines & rail/road/water)
* between domains & < via networks of networks and mulit-sector coupling

* between options < via portfolios and real-options (addressing sunk costs)

Fabian Schipfer
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Second 50% value of system integration
IEAB Task44: System integration creates flexibility

Flexibility is the ability to shift resources

* through time, < short-,medium-,long term storage (modern & traditional!)

* through space, < via networks and trade (gas,liquid,solid,pipelines & rail/road/water)
* between domains & < via networks of networks and mulit-sector coupling

* between options < via portfolios and real-options (addressing sunk costs)

Neutral definition!

v Beneficial consequences: Balancing scarcities with surpluses, positive tipping points
— Detrimental consequences: Unbalancing — amplifying scarcities, amplifying surpluses, systemic risk

Fabian Schipfer
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M TECHNISCHE  Towards a common framework for

Most integrated system: Nature and ecosystems

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)

Nature’s contribution to people* (refined ecosystem services framework - Millenium Ecosystem Assessment)

Material contributions - Energy, food, feed, water, materials and assistance, medicinal and genetic resources
Nonmaterial 2 Learning and inspiration, experience, supporting identities, maintainance of options

Regulating = Ecological recycling*™ and moderation, regulation of hazards and extreme events

*Neutral definition (in theory) !
- But negative ecosystem (dis-)services almost exclusively explored for urban re-greening

Fabian Schipfer
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Biomimicry for human systems and its indicators?

The Circular Bioeconomy and biorefineries could amplify nature’s (beneficial) contributions to people.

Material contributions =
« Bioenergy based on residues from food, material and other provisioning systems
» Biorefineries providing energy, materials, fertilizer, proteins, medicine ...

Nonmaterial contributions -
» Socio-economic benefits from stakeholder diversification, decentralization, biomethane communities,
regional structures, learning and supporting identities through being connected to nature
« Maintainance of options: Re-purposing of infrastructure, servicing ecosystems

Balancing (regulating) -
» Technological recycling®, waste water treatment, carbon sequestration,
» Flexible operation and storage of any type (temporal balancing)
» Hybrid approaches and networks of networks (spatiotemporal balancing)

Fabian Schipfer
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IEA Bioenergy Triennium 2025-2027

From the Triennium task proposals (Oct 2024):

M TecHNISCHE  Towards a common IEA Bioenergy Framework for

Task 39 Biofuels for transport:

Task 32 Biomass combustion: * P6 Synergies with power-to-liquid

« WP2 hybrid bioenergy heating systems Task 40 Value chains deployment:

Task 33 Biomass gasification: « WP3.1 Analyisis of value chain resilience

« Fuels, chemicals, biochar, grid balancing Task 42 Biorefining:

« WP4 Social Life Cycle Assessment

Task 34 Direct thermochemical liquefaction: . WP8 Systems perspective

 WHP1 Liquids, gases and solids from DTL

* WP2 Decentralization and mobile pyrolysis Task43 Biomass supply in a nature positive CBE:

Task36 Waste valorization: « WP3 Social & Socio-economic implications

« WP2.1 Opportunities for valorizing organic waste Task45 Climate and sustainability effects:

Task37 Biogas: - WP1 Multlfu_nct_lonal_ Iapdscapes
and biodiversity impacts

« WP1 Assessment of co-benefits of biogas
Fabian Schipfer 16
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IEA Bioenergy Triennium 2025-2027

From the Triennium task proposals (Oct 2024):

Task 44 Flexible bioenergy and system integration:
 WHP1: Electricity and heat sector integration
 WP2: Fuels and chemicals production

« WP3: System-wide impacts of system integration

Inter-task Synergies project 2.0 - Inter-task Synergies project 3.0 beyond hydrogen?
« Synergies of green hydrogen and bio-based value chains

Inter-task BECCUS project 2.0
« Management of biogenic CO2

Inter-TCPs Coordination group (since March 2024)
» Flexibility (and system integration?) considered by multiple TCPs

Fabian Schipfer
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Il Measure degree of integration for a variety of material and nonmaterial contributions
I Include a broader set of resource efficiency indicators (first 50% of it's value)

Il Include indicators on balancing, regulating, re-cycling, resilience, reliability, robust
systems, hedging against uncertaint trends, variabilities, and extremes (second 50% of it’s

value)

X Techno-economic comparison with PV, wind and synthetic, specialized processes that are
less integrated are often based on limited set or only one efficiency criteria
- more complex systems like biorefineries have no competitive chance in the long run!

v" Circular Bioeconomy and biorefineries should be designed to amplify nature’s beneficial
contributions

v" Look out for commonalities, and jointly develop theoretical frameworks
- boost impact (not to invent the wheel 14 times) in 2025-2027




IEA Bioenergy Task44:
M TECHNISCHE https://task44.ieabioenergy.com/
UNIVERSITAT

WIER IEA Bioenergy Task40:
https://task40.ieabioenergy.com/

Thank you for your attention

Special thanks to BioSyn Il initiative contributors:
Judith Buchmaier (AEE intec), Sebastian Serna-Loaiza (Sphera), Pralhad Burli (INL),
Biljana Kulisi¢ (DG Ener), Christiane Hennig (DBFZ), Task40, Task42, Task43, Task44 and Task45 teams

fabian.schipfer@tuwien.ac.at

Technische Universitat Wien
Institute of Chemical, Environmental and Bioscience Engineering
Research Unit - Thermal Process Engineering and Simulation

All publications:

Getreidemarkt 9/166 https://perma.cc/M7DY-NWAS

A-1060 Vienna
https://www.tuwien.at/en/tch/icebe/e166-02

Peer-reviewed publications:
https://orcid.org/0000-0001-6732-6919
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