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Nomenclature

Bioeconomy:

All anthropological activities on the nexus biosphere & technosphere including
the primary economic sectors agri-,silvi- and aquaculture, intermediary processes
and distribution, food-, material and energy use.

Synergies:

Based on the Latin words “sun” (together) and “ergon” (work) most definitions of
sKnergy include the notion of a success through cooperation which is greater than
the sum of the separate successes without cooperation.

Supply chain:

A path of (Bioeconomy) activities cqnnectin% primary feedstock sourcing until
final conversion (“consumption”) with possible intermediary steps such as
collecting, supply to a densification plant, pre-treatment, densification, storage
& distribution to end users.

Sueply networks: . . . . .
extends the linear illustration of supply chains with a network character including
nodes such as industrial sites with various inputs and outputs connected via edges
to various suppliers and selling a product portfolio to different end users.
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Kick-start the discussion on
Circular Bioeconomy Synergies:

(1) Discuss cases for synergies between food/feed, material and energy
utilization of biomass

(2) Create a first resource flow database version for modelling synergies in
a Circular Bioeconomy

(3) Derive insights for the modelling of Bioeconomy supply networks,
policy recommendations and the strategic orientation of IEA Bioenergy
Task40 including follow-up projects

supporting information & references to most slides can be found in the presenters notes )
and a literature slide at the end of this presentation
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The presenters notes in this PDF include supporting information, key-words and references.
 Click on the yellow sticky note sign of the current slide to jump to the current presenters note (normally appearing on the right side of your PDF-reader)  
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Trends in forest biomass
availability & demand?

Food & feed
supplemen
& hulk

Primary feedstock
- Saw timber
- Pulpwood

Secondary feedstock
- Processing residues
- Forestry residues

Engineering Wood
Products (EWP

Tertiary feedstock
- Post-consumer wood
- Recycling & downcycling

Nano-materia

Figure: adopted from
Skogsindustrierna
in (Sikkema et al., 2017)
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Stand management practices; for improving timber quality include thinning of the stand, pruning, weeding and cutting of undesirable species. While some of the accruing biomass can be left in the forest to protect biodiversity and improve soil quality and carbon sequestration, significant shares can and partly have to be removed to reduce the risks of pests and fires and to protect water and aquatic ecosystems.  

Ecosystem Services; (Garland et al., 2021) 
(1) provisioning services category; next to raw materials also on food production of wild food but also protective functions with regard to close by agricultural activities. 
(2) cultural category; habitat provision and biodiversity recreation and ecotourism include a significant number of identified research, 
(3) regulating services; on climate regulation via carbon storage and shade provision, disease and pest regulation, moderation of extreme events (reduction of flooding events, minimize fire risks), water purification and erosion regulation. 
(4) supporting services; nutrient recycling services and soil properties and fertility, supporting the ecosystem services by ‘altering ecosystem functioning and stability’, arguably also including first and foremost biodiversity itself (Isbell et al., 2017). 

Sustainable forestry; Halting deforestation and degradation clearly have the largest carbon emissions mitigation potential followed by afforestation (non-forest areas  to forests) (e.g. (Houghton and Nassikas, 2018), reforestation (deforested areas  to forests) (Chazdon et al., 2016) and forest restoration (degrading forest  to healthy forest). 

Secondary feedstock; bark, wood chips and saw-dust are mainly used as bioenergy carriers or for the production of the like through pelletization or, to a minor extent and a more limited demand potential in the pulp and paper- as well as in the panel industry. Other wood processing residues” consists of a highly diverse assortment of different quality chips, sawdust, slabs, cross-cut ends, edgings, trimmings and clippings but also shavings, veneer rejects and peeler cores. The liquid residue of the pulping process, black liquor consisting of lignin, hemicellulose and cooking chemicals is also used cascadically, nowadays mainly for heat and electricity for the chemical process itself.

Tertiary feedstock; packaging materials (e.g. pallets, boxes, crates), construction and demolition wood and old furniture with high ranges of quality grades, physical and chemical impurities (Faraca et al., 2019)

Soil conditioning; Ashes from the combustion or gasification of biogenic feedstocks are discussed to be used as fertilizers, soil liming agents or as additives replacing calcite in cement-based mortars (Dimić-Mišić et al., 2019)

Engineering Wood Products; (Churkina et al., 2020) discuss EWPs such as glue-laminated (glulam) beams or cross-laminated timber panels that can be deployed as ‘mass timber’ to substitute cement and steel

Chemicals & Plastic; Polyethylene and polypropylene, bitumen, lubricants, solvents and surfactants are the main material products of a todays chemical refinery that could constitute large demand potentials of wood syngas produced in gasifiers (Schipfer et al., 2017).

Nano-materials; Secondary wood feedstocks are most likely also the feedstock for nano-materials – nano-carbon (Winchester and Reilly, 2020)

High process temperature heat; industries including the processing of glass and ceramics but especially also cement and iron and steel, with the latter also having the need for carbon based reactants (Fritsche et al., 2019). 

BECCUS; Carbon capture and storage or utilization combined with bioenergy (Olsson et al., 2020)




WP1 - Synergy case #2

Trends in other biomass residues availability & demand?

* Households * municipal solid waste
* Food processing industries « food waste
* Grocery stores / markets « used cooking oil & fats
* Municipal parks and gardens  landscape conservation material
* Vertical/urban farms « gardening waste
« Urban nature based solutions * sewage sludge
o o @ ©

Re-use, re-
cycle, re-
covery

Collection
system

Prevention
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Schüch, A., Hennig, C., 2022. Waste and Residue-Based Bioeconomy, in: Thrän, D., Moesenfechtel, U. (Eds.), �The Bioeconomy System. Springer, Berlin, Heidelberg, pp. 123–144. https://doi.org/10.1007/978-3-662-64415-7_8


Resource efficiency improvements: waste prevention / sufficiency / right to repair / re-use / 

Legal framework: 
Waste & residues to secondary/tertiary feedstocks
Landfilling directives  need to process biogenic waste 
Waste collection systems 

Secondary/tertiary feedstock market creation
Private collectors ( https://www.polymerstocklist.com/ )
Value creation
Supply and price security for large scale residues up-/re-/down cycling facilities

Conversion technologies:
thermo-chemical (Pyrolysis, torrefaction, gasification)
Biochemical (fermentation)
Mechanical (extraction)
Electro-chemical (electrolysis/CO2-synthesis)


WP1 - Synergy case #3

Trends in alternative foods production?

« Grasses & herbaceous perennials

« Algae (micro & macro)

* Fungi

* Wild edible plants

« Pseudocereal and grain

 Edible flowers
 Edible insects
* Forestry biomass

IEA
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Dietary
trends /
participation

Protein
Lipids

Carbohydrates

Dietary Fiber
Minerals
Vitamins
Carotenoids
Poolyphenols.
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Mariutti, L.R.B., Rebelo, K.S., Bisconsin-Junior, A., de Morais, J.S., Magnani, M., Maldonade, I.R., Madeira, N.R., Tiengo, A., Maróstica, M.R., Jr., Cazarin, C.B.B., 2021. The use of alternative food sources to improve health and guarantee access and food intake. Food Research International 149. https://doi.org/10.1016/j.foodres.2021.110709


Grasses and herbaceous perennials: such as Miscanthus are excellent protein producers on par with e.g., soybean due to much higher total biomass production (Bentsen & Møller 2017).
Algae (Bose et al. 2020) or fungi (Meyer et al. 2020) could provide more options for cascading and may be better integrated with aquaculture
Wild edible plants or non-conventional food plants (Mariutti et al. 2021)
Pseudocereal and grain: Amaranth, quinoa, chia, sorghum (Mariutti et al. 2021)
Edible flowers: e.g. calendula, rose, sunflower, dahlia, (Mariutti et al. 2021)
Edible insects; crickets, grasshopper, mealworm (Mariutti et al. 2021)

Resource democratization, down-scaling and communal biorefineries (Schipfer, Pfeiffer, Hoefnagels, 2022)


WP1 - Synergy economics
Trends in the value for biobased carbon?

« Carbon pricing instruments (taxes, ETS ...)

« Systemic scope of policy instruments - o O
(included sectors?, trade?, biogenic carbon?)

* Re-investment of revenues

« Effects of pricing instruments
« on innovation
phase-out of fossil fuels
GHG emissions °
biomass component focus
agriculture, forestry, aquaculture

IEA
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Carbon pricing instruments: taxes, cap/trade – emission-trading schemes (ETS), auctions, hybrid 

Systemic scope: Different policy instruments are designed for different scopes including all or selected sectors (e.g. transportation/ agriculture, forestry, aquaculture / CCS and CCU), regional scope (international trade), all or selected types of carbon (fossil based / bio-based), other GHG emissions

Re-investment: incorporating local considerations and favoring distribution of benefits among the citizens in ways that are perceived as fair – inclusivity of current and future generations (Raymond, 2018) 




‘ ‘
-- Resource Flow Database ‘

EU28 case study for 2018 based on openly available data

Development of a database and Sankey representation of all material and energy flows that
have to be addressed for illustrating the transformation towards a Circular Bioeconomy

1. Unifying datasets from Eurostat;
Material, energy and biomass flows

2. Development of a joint, interactive,
open-source Sankey diagram

3. Discussing limitations for the illustration
of transformation strategies

m EA

- Tools for communicating the nexus between renewable power-, Bioeconomy- and circular economies
= Bioenergy 8 i P y -

Fabian Schipfer, Svetlana Proskurina, Fabian Stricker, Maria Wirth. under review. www.ieabioenergy.com



WP2 - Resource Flow Database

Combining all energy and mass resource flows puts biomass flows (in green) into perspective:
* A 1:1 substitution of fossil fuels (blue) or mineral and iron ores (orange) with biomass is unfeasible
Circularity gap (emissions, landfill and losses) as well as built up stock need to be considered

Figure: unified EU27 material flows in 2018 in mass volumes (Schipfer et al., under review)
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Fabian Schipfer, Svetlana Proskurina, Fabian Stricker, Maria Wirth. under review. Tools for communicating the nexus between renewable power-, Bioeconomy- and circular economies


WP2 - Resource Flow Database

Combining all energy and mass resource flows puts biomass flows (in green) into perspective:
* A 1:1 substitution of fossil fuels (blue) or mineral and iron ores (orange) with biomass is unfeasible
* Circularity gap (emissions, landfill and losses) as well as built up stock need to be considered

Figure: unified EU27 material flows in 2018 in mass volumes (Schipfer et al., unpublished)
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the trends discussed in WP1
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Legend
— Biomass

—> Fossil Fuels
—»Ores
~>Electricity and heat
~ Renewables

Outflows
] 3*10M8 tonnes

Waste treatment

Emissinnsﬂ



WP2 - Resource Flow Database (RFD)

RFD Version 2022:
* |Included
e Research gap

IEA
Bioenergy

Node levels and nodes
Sourcing
Imports
Domestic extraction
Availability
Domestic inputs
Pre-processing
Electricity and heat
Transformation
Processing
Food industry
Forestry industry
Material industry
Societal needs
Transportation
Energy services
Food
Consumables
Stocks
Loopbacks
Exports
Waste treatment
Outflows
Emissions
Losses & Landfill

Edge levels and edges
Fossil fuels

Liquid fossil fuels

Gaseous fossil fuels

Solid fossil fuels

Other fossil fuels
Electricity and heat

from fossil fuels

from nuclear power

from renewables
Minerals

Mineral ores

Non-metallic ores
Biomass

Forestry biomass

Agriculture biomass

Fisheries biomass
Carbon dioxide

from fossil fuels

from biomass
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Relevant measurement units
Natural resources

Mass

Energy

Moisture content

Bulk water

CO2 and other GHG

Air

Land-use

Anthropological resources
Monetary
Work force
Infrastructure
Technology & Knowledge

Relevant indicators

Circularity indicators

Substance Concentration Efficiency*
Stock consistency &

Dynamic representation

Scenarios
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* Based on statistical entropy and the purity/quality of material flows see (Tanzer & Rechberger, 2020)

Tanzer, J., Rechberger, H., 2020. Complex system, simple indicators: Evaluation of circularity and statistical entropy as indicators of sustainability in Austrian nutrient management. Resources, Conservation and Recycling 162, 104961. https://doi.org/10.1016/j.resconrec.2020.104961



-- Insights and prospects

for research

Circular Bioeconomy Modelling
We need to account for the added-value of coupling the biosphere and the technosphere
- we propose to model bioeconomy networks, their efficiency and stability
- system resilience engineering through different types of resource flexibility
« Spatial flexibility (via tradeable biogenic intermediaries)
 Temporal flexibility (via storable biogenic intermediaries)
» Sectoral flexibility (via feedstock flexibility and/or el., heat, chemicals product flexibility

The added-value of a well-functioning Bioeconomy lies in its flexibility. Shifting abundant resources

in space, time or between sectors to cover scarcities requires dynamic system thinking.

IEA
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Modelling: This research resulted in an exchange with the Lawrence Berkeley National Laboratory (Schipfer & Breunig, unpublished) and dedicated project proposals.



() w
-- Insights and prospects

for policy and industry

Bioeconomy policies
Cohesion policies are required to
* Implement market mechanism valorising resource flexibility, for different types of flexibility and resources
e allow for dynamic shifting of resources within the bioeconomy network
* create synergies between renewable electrification/hydrogen and bioeconomy developments
- broader system coupling beyond the power grid

Societal and environmental stability depends on if and how we manage to deploy a balanced mix

of synthetic (i.e., including fuels and materials based on renewable electricity) and bio-based
technologies.

Support industry & business

* resilient positioning in bioeconomy networks < dynamic system assessment

* how to refund a Bioeconomy actors’ contribution to the broader system?

* synthetic processes will quickly outcompete bioeconomy on operational expenditures (OPEX) basis

- BUT these OPEX are invested into societal, environmental and structural stability !!
IEA
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Policies: Flexibility is the focus of the IEA Bioenergy Task44 – policy recommendations are available in (Schipfer et al, 2022) 

On resource democratization see for example: 
Schipfer, F., Pfeiffer, A., Hoefnagels, R., 2022. Strategies for the Mobilization and Deployment of Local Low-Value, Heterogeneous Biomass Resources for a Circular Bioeconomy. Energies 15, 433. https://doi.org/10.3390/en15020433



-
-' Insights and prospects \

for the IEA Bioenergy Task40

Task40 Triennium 2022-2024
Focus on flexible supply networks for a sustainable circular Bioeconomy
— Deriving resilience indicators and testing on selected examples
* based on biorefinery concepts (see e.g. Task42 factsheets)

* feedstock flexibility including seasonal & occurrence schedules
e ..thd..

(+) continuing the interdisciplinary discussion on Bioeconomy visions

Special Interdisciplinary Issue in Energy, Sustainability and Society

Submit now
sustainsoc.biomedcentral.com/circularbioeconom

IEA
Bioenergy 15 www.ieabioenergy.com
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Special Issue 2022 in Energy, Sustainability and Society – please contact us if your work fits into one of the 7 topics listed underneath
https://energsustainsoc.biomedcentral.com/articles/collections

Democratization potential of a Bioeconomy
Potentials for Nature based solutions in urban areas
Maintaining ecosystem services – potential impacts on rural areas
Aquaculture, eventually algae, oceans & blue economy of tomorrow
Information science – DNA as data and nature as a processor
Synergies between “solar economy” , the “bioeconomy” and the “circular economy”
Other relevant trends and visions on the added-value of strengthening the nexus biosphere/technosphere 

https://task42.ieabioenergy.com/document-category/factsheets/
https://energsustainsoc.biomedcentral.com/circularbioeconomy

Thank you for your attention
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