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Decentralized Resilience vs. Centralized Efficiency?

Benefits of commoditized supply chains:

Benefits of local supply chains:

* Improve resilience and sustainability, benefiting
from ‘short’ supply chains

e Create local economic diversity created by small
and medium-sized enterprises (SMEs)
embedded in the region

A hybrid approach of regionalization and commoditization, creating a network of

interconnected supply chains that leverage local strengths while remaining
integrated into the global market is often the best strategy.

Risks of local supply chains:
* Atoo-narrow regional focus may incentivize
inefficient, low-value end-uses

e Excluded from higher economic and sustainability
benefits through national or international markets

e Regional supply chains are often fragmented

segments of larger value chains and remain tied to

global commodity markets

IEA
= Bioenergy

Connect regionally available, diverse biomass with
global markets

Lower costs, provide supply security, and make large-
scale/complex biorefineries feasible

Standardization of bio-based products makes them
more accessible and affordable

Risks of commoditized supply chains*:

Longer supply chains could lead to higher impacts
Come at the expense of unique regional characteristics
Favor large utilities for cost-effectiveness, leading to re-
centralization

Reduce the role of local biomass producers to materials
suppliers (wealth generation elsewhere)
(Subsidy-based) supply chains that lack regional
anchorage are vulnerable

*) Risks as described in McGovern, G., & Klenke, T. (2018). Towards a driver framework for regional bioenergy pathways. Journal of Cleaner Production, 185, 610-618.
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To demonstrate supply chain strategies that leverage regional strengths
while maintaining global market integration, using illustrative case studies:

1. Biomass Supply Chains for Advanced Biofuels in the EU towards 2050
(results CONCAWE study)

2. The role of sugar depots in enabling regionalized supply with
commoditized intermediates for commercial-scale biorefineries in the US

OI ! Germany
Reglonal Transitions: North Sea w / Q Austria

CONCAWE study (CONCAWE, UU, TNO):

Objective

Further case studies are available on the IEA Bioenergy Task 40 Sweden

Website:

Austria (I1ASA)
Germany (DBFZ)
Sweden (RISE)
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Biomass Supply Chains for Advanced Biofuels in the EU
towards 2050

Objective: Determine economically optimal biomass Method: Detailed GIS mapping of biomass feedstock supply (1) and
supply chains for advanced biofuels (EU-27+UK, 2030 logistic infrastructure (4), co-location benefits (2) at brownfield
& 2050) under different availability and demand locations, MILP supply chain optimization for advanced biofuel and
scenarios competing bioenergy demand scenarios (6).

1. Biofeedstock availability 2. Biorefinery siting options

Supply Chain Strategies
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. CONCAWE study (CONCAWE, UU, TNO): https://www.concawe.eu/publication/sustainable-biofeedstock- (\
Bioenergy | o 3 Concawe
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Selected insights and results D

. . Spatial distribution of biorefineries (LD 2050)
LD Scenario 2050: 33.9 Mtoe adv. biofuel

Plant type (number, output capacity)
Centralised vs. Decentralised Biorefineries:

. . . . . e . . HTL bi de (37, 10.5 Mt

* Large-scale biorefineries (GFT) integrated with existing industrial A . ocrude { . o)
sites and (oil refineries) are more cost-effective underbiomass (O Biocrude upgrading (8, 11,6 Mtoe)
sufficiency conditions D GFT (56, 22.3 Mtoe)

* Under high-demand/low-availability conditions, decentralised HTL

with upgfading at refineries, becomes more efficient, enabling the Locati -
. ocation (number, output capacit
use of dg1$persed or remote biomass ( , output capacity)

. . Greenfield (10, 2.3 Mtoe)
Geographical patterns and trade: " Atoil refinery (47, 27,1 Mtoe)

* Geography is decisive for the optimal supply chain configuration. -
S8 gxa?ngle: p pply g = At [.)ulp mill (13, 4.3 Mtoe)
*  North-Western Europe: key hub for importing biocrude from At intermodal term. (8, 3.2 Mtoe)
Scandinavia and Iberian Péninsula and upgrading it due to its B At existing biofuel plant (23, 7.5
strong port and refinery network Mtoe) 5

Biomass availability vs. demand:
«  Europe’s domestic biomass is sufficient to meet demand
* By 2050, biomass availability to demand tightens; hence,

improvements in biomass management practices and innovations
to increase biomass availability are essential

*  Next to biomass, access to (green) hydrogen could become a
decisive location factor (future work%

Trade among countries in the EU-27+UK (LD 2050)

More scenarios and detailed supply cost analysis are available in the /\';'
CONCAWE report. \,
Feedstock b\ Intermediates (biocruae) Advanced biofuel

IEA © Concawe
CONCAWE study (CONCAWE, UU, TNO): https://www.concawe.eu/publication/sustainable-biofeedstock-
v : 5 (@ncawe
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Sugar Depots: Connecting Regional Biomass to
Commercial Scale Biorefineries

Regional biomass is converted into a standardized sugar intermediate,
while downstream biorefineries remain centralized and efficient.

1. FARM & AGRICULTURAL 2. REGIONAL 3. STANDARDIZED 4. COMMERCIAL 5. FUELS, CHEMICALS
RESIDUES SUGAR DEPOT SUGAR SYRUP BIOREFINERY & MATERIALS

-

o )
- . amnr anms ey euny g

Size reduction « Uniform, high-quality « Centralized, efficient « Renewable fuels
Pretreatment sugar intermediate conversion Biochemicals

» Diverse local biomass
» Agricultural residues

« Energy crops * Hydrolysis & * Reduced variability  Economies of scale « Bioplastics
sugar extra-ction « Easier, lower-cost * Advanced processing S st ainablamatenals
» Concentration transport technologies
'0‘0‘ I"’:‘#:E g::‘g;?" Hybrid Strategy: Regional Strengths + Commodity-Scale Efficiency @ :ﬂi%isggo GLOBAL

T —— — ———————————————



\.
Study evaluating feedstock production and depots to

support sugar production

Examined the development supply chains under sustained
sugar demand over a 50-year planning horizon.

Scenario Description:

 Initial demand of 10,000 tons per day of convertible
feedstock at one facility.

» Supply grows locally to meet local demand

«  When supply is sufficient additional facilities are added
to the scenario

Year 1:
* 1 Biorefinery, 22 Depots 2,315,109 dry tons
* Avg Dist.: 231 miles

Year 50

. ?8 Biorefineries, 122 Depots (3.3/refinery),74,913,456 dry
ons

» Avg Dist.: 76 miles, 8% lower CO2/ton
Key Outcomes
« Commoditized products enable efficient growth and
process scale

« As local demands increase, secondary feedstock markets
are needed to maintain local engagement until the next
large demand center can be supported

IEA
Bioenergy

Year 50

120

100

80

60

Facilities Open

40

20 '

0

0

Key Takeaway: Value is created both locally (feedstock
processing) and globally (commodity-scale product
markets). www.ieabioenergy.com



Available publications

. S¥nt_hesis report: Regional integration and collaboration are key to the viability
of bioenergy systems - A synthesis of five regional transition case studies

« Case study from the US: “The role of sugar depots in enabling regionalized
supply with commoditized intermediates for commercial-scale biorefineries in
the US” in the annex of the Synthesis report

« Case study from Sweden: Cost-effective supply chain configurations for the
production of bioelectro- and electrofuels- the case of Sweden

« Case study from the Netherlands: Renewable fuels from biomass and hydrogen
in the North Sea Region

« Case study from Germany: coming soon in 2026
« Case study from Austria: coming soon in 2026

Regional Transitions: https://task40.ieabioenergy.com/regional-bioenergy-markets-
and-transitions-1-0-2-0/

CONCAWE study (CONCAWE, UU, TNO): . . .
https://www.concawe.eu/publication/sustainable-biofeedstock-supply-chains-for-
advanced-biofuels-in-europe-towards-2050/
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Regional integration and
collaboration are key to the viability
of bioel ms

Renewable fuels from biomass and
hydrogen in the North Sea Region
y report: Regionsl transitions
markets 2.0

1EA Bioenergy: Task 40

Cost-effective supply chain
configurations for the production of
bioelectro- and electrofuels - the
case of Sweden
Case study report R transitions in existing
b kets 2.0
" ©
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Sustainable biofeedstock
supply chains for
advanced biofuels in

Europe towards 2050
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Thank you

Ric Hoefnagels
Copernicus Institute, Utrecht University, NL
r.hoefnagels@uu.nl

Damon Hartley,
ldaho National Laboratory, ldaho Falls, USA
damon.hartley®@inl.gov

IEA Bioenergy Task 40 Deployment of Biogenic Value Chains and Carbon Management
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