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BIOENERGY REVIEW

Ministries and energy agencies from 20+ countries, How bloenergy contributes to

Including the European Commission, Research a sustainable future
institutions and industy associations

https://www.ieabioenergyreview.org/

IEA
= Bioenergy 1 www.ieabioenergy.com


https://www.ieabioenergy.com/about/contracting-parties/

IEA Bioenergy Technology Collaboration Programme

System
perspective

sziets

. Socio-economic

N impacts
TCP Coordination Group on p Market and Task 45
Thermal Networks deployment ST TCP Transport
v e " Coordination Group
m e, Task 42
Mo T Biorefining
IEADHC " Task 39

ettt vt T Pomiesibeary (et i it O

Transport biofuels ftp; aﬂlcwal"xced Mc:ol:.or l;fuv.:-*ai%

Task 43 Task 36
Task 34 Biomass supply Waste & circular economy

I Task 32
----- Combustion & emissions Resources

-

SUSTAINABLE CARBON
»

Liguefaction
Broadeningthe

feedstock base Y. TCP Coordination Group
-#7 on Carbon Management

Task 37 ws
Task 33 Anaerobicdigestion [/ biogas -

Gasification

Task 40

',‘ Biobased deployment & carbon Tasks
o management
r;,t:':;teglc {more Tasks/TCPs involved)

____________ Link with other TCPs & TCP
Coordination Groups



IEA Bioenergy Technology Collaboration Programme

System
perspective

sziets

"y Socio-economic
impacts
i Market and Task 45
deplayment Climate & sustainability \ TCP Tra :
- Coordination Group

TCP Coordination Group on
Thermal Networks
. Task 42
Task 39

: B Biorefining
Transport biofuels

IEADHC

by C st st e B

e
Advanced Motor Fuels

¢ 4 Task 32
________ Combustion & emissions Resources
 SUSTAINABLE carRBoN " Task 43 N ".L
Task 34 Biomass supply Waste & circular economy 6%
Y. TCP Coordination Group

Liguefaction
Broadeningthe
feedstock base !
48 -' on Carbon Management

Task 44
Task 37 S

Anaerobicdigestion [/ biogas

SARENY Energy system / flexibility
- Task 33

Gasification
-

i
1 g
L

) -"Hg SynergiesH, &
’ i Bioenergy

-
-

TCP Coordination Group -
Energy System Flexibility

Task 40

Biobased deployment & carbon
management

;t::::ft: {more Tasks/TCPs involved)
Link with other TCPs & TCP

2) Hydrogen iCP |,
TCP Coordination Group
Coordination Groups

on Hydrogen



Flexibilizing our ,,baseload lifestyles*

Electricity sector flexibility

« Batteries, fly wheels, heat
storage, creative storage
solutions

 Demand side management,
demand response, smart
meters, load management

» Sector coupling, expansion and
improvement of power grids

IEA
= Bioenergy 4 www.ieabioenergy.com



Flexibilizing our ,,baseload lifestyles*

Electricity sector flexibility

« Batteries, fly wheels, heat
storage, creative storage
solutions

 Demand side management,
demand response, smart
meters, load management

« Sector coupling, expansion and
improvement of power grids

IEA
= Bioenergy

... supported by existing capacities

Flexible bioenergy for heat,
power, transport fuels, industry

Established infrastructures that
can support power grids

Established multi-sector
coupling that supports
electrification

Replacement of traditional with
modern and flexible bioenergy

www.ieabioenergy.com



IEA Bioenergy TCP Task44 on Flexible Bioenergy

What is , flexibility,“ how is it defined, calculated, valorised, marketed ?

- Since 2019;

- Collaboration with sister TCPs (e.g. Wind power, Hydrogen, Solar
Heating and Cooling, Energy System Modelling, Energy Storage, ..)

- Policy and industry discussions for best frameworks and KPIs

- Collection of technology descriptions in flexibility compendium
- Curated best practices list

- Workshops and publication track record in scientific journals

- Own modelling and assessment capacities

- Definitions, language, narratives ...

IEA
= Bioenergy 6 www.ieabioenergy.com






Flexible biopower +

. - Baseload biopower

- Flexible biopower balancing short- to
medium term variabilities

o A . A . . . A A e A . A . Y . Y . S A e A

- Seasonal and long-term flexibility

- Grids and trade routes reaching
secluded villages and crossing oceans

- Ready interfaces for H2 and CO2
economies

- Synergies with water, food, building
materials ...

@& EA
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Integration enables flexibility
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Integration enables flexibility

* Do you need flexibility ? What, where & when can you integrate ?

* Are you already good in integrating different resource flows (e.g.
biorefineries), why not go a step further - flexibilize them !

Integration: Combination of two, previously separate entities. Synonyms
include sector coupling, industrial symbiosis, process intensification,
collaboration, etc. ...

Flexibility: Shifting of resources, through time (e.g. batteries & pellets),
space (e.g. grids & trade), between sectors (e.g. electrification & waste

Managemen t ) . Schipfer F. et al. 2026. Are we ready to plan for synergies? System
Integration Impact Assessment in the Austrian energy system modelling

community. Energy Research & Social Science, Volume 131, 2026,
@ IEA 104505, ISSN 2214-6296, [https://doi.org/10.1016/j.erss.2025.104505]

= Bioenergy 10 www.ieabioenergy.com



Circular Bioeconomy - integration power house

Some integration opportunities:

« Hydrogen <> Biogas/Gasification

« Bioplastics <> Biofuels <> E-fuels
 Waste treatment <> Bioenergy

« Sanitation <> Nature-based solutions

« Landscape management <> Bioheat

« Biosecurity, health, critical infrastructure
« Servicing ecosystems

@& EA

= Bioenergg www.ieabioenergy.com



Circular Bioeconomy - integration power house

Some integration opportunities:

m [EA

Hydrogen <> Biogas/Gasification
Bioplastics <> Biofuels <> E-fuels

Waste treatment <> Bioenergy

Sanitation <> Nature-based solutions
Landscape management <> Bioheat
Biosecurity, health, critical infrastructure
Servicing ecosystems

= Bioenergy 12

What synergies are you
supporting? What flexibilites
do you provide? For the
energy system, for food,
and material provisioning,
to other sectors?

www.ieabioenergy.com



Overcoming barriers - overcoming biases

Current biases

« Complexity is a barrier

* Diversity creates risks

» Conflicts between bioeconomy sectors

* Low automatization/value extraction potential
* Too many factors and decision makers involved
« Nature-based solutions are not max. efficient

IEA
= Bioenergy 13 www.ieabioenergy.com



Overcoming barriers - overcoming biases

Current biases = require balanced perspectives

« Complexity is a barrier - complexity can become a driver

« Diversity creates risks = Risks have upsides and downsides

* Conflicts between bioeconomy sectors - spotlight synergies

* Low automatization/value extraction potential - distributed added-value

* Too many factors and decision makers involved - broad participation

« Nature-based solutions are not max. efficient - but adequat + robust

* Trade-off between efficiency and reliability = flexibility can improve both

IEA
= Bioenergy 14 www.ieabioenergy.com



Currently loudest voices for (short-term) energy security

:

Picture by Guzel Sadykova
from pexels.com
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We want sustainable security !

« Diversification in renewable energy production portfolios
» Diversification of renewable energy storage and infrastructure
- electricity, heat, biomass, gases, fuels
« Strategic integration
- between PV, wind, and bioenergy
- between bioenergy technologies
- between bioeconomy sectors
- between countries, autonomous regions, multi-level governance
* Flexible operation
- turning abundance into reliability
—> simultanously improving efficiency/sustainability and security

@& EA

= Bioenergg www.ieabioenergy.com



———— System Integration Impact Assessment at IIASA
CEEDECLEE  https://ilasa.ac.at/models-tools-data/siia

Technology Collaboration Programme
-

by 2Q

I TASA

' o Task 44: Flexible Bioenergy and System Integration
https://task44.ieabioenergy.com/

N— contactUs i) & O

|E.A ﬁioem_—::r_gg About~ News Flexible Bioenergy Events Reports and Publications Best Practices Inter-Task Project Hydrogen

v 20+ reports, policy briefs, workshops, and questionnaires analysis

I ,
https://task44.ieabioenergy.com/iea-publications/ 7 Austria I*I Canada
v" Initiation and coordination of inter-task projects and inter-TCP activities
EC + Finland
> Bioeconomy Synergies across energy, materials, and food
> Inter-TCP_Coordination Group on flexibility

> Synergies of green hydrogen and bioenerqgy
> Energy Technology Systems Analysis Program
> Inter-TCP Coordination Group on thermal networks the Netherlands

v Scientific publications including technology, policy, market, literature reviews on flexible bioenergy
https://doi.org/10.1016/j.rser.2022.112094 (Schipfer, Maki, Schmieder, Lange, Schildhauer, Hennig, Thran)
https://doi.org/10.1002/bbb.2649 (Maki, Hennig, Thran, Lange, Schildhauer, Schipfer)
https://doi.org/10.1186/s13705-024-00461-4 (Schipfer, Burli, Fritsche, Hennig, Proskurina et al.) - German
https://doi.org/10.1016/j.erss.2025.104505 (Schipfer, Kraxner, Thran, Aliabadi, et al.) y
hitps://dx.doi.org/10.2139/ssrn.6439058 (Gutjahr, Thran, Aliabadi)

v’ 12+ Best Practices, integration and flexibility aspects - real world examples on T44 relevance I
https://task44.ieabioenergy.com/best-practices/ H N

Sweden

v’ Participation in innovative communication formats
https://www.ieabioenergyreview.org/
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https://task44.ieabioenergy.com/publications/exploring-flexibility-from-renewable-hydrogen-and-bioenergy-in-energy-system-modelling-workshop-on-17-november-2023-summary-and-outlook/
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https://doi.org/10.1186/s13705-024-00461-4
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https://doi.org/10.1186/s13705-024-00461-4
https://doi.org/10.1016/j.erss.2025.104505
https://dx.doi.org/10.2139/ssrn.6439058
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Bioenergy synergies with fundamental security needs
(report forthcoming)
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Flexible Bioenergy: Unlocking System Value for the
Renewable Transition - Foundation for added system value

Various Biomass

Flexible power provision

positive ancillary service \“\

electricity grids

Balancing

negative ancillary service

N /

\ /
r
K

c02*H2% synfuels for flexible application

Flexible heat & power provision

i
F
ry
/-

l

Negative Emissions

Sl

Biofuels for flexible application

Long term
flexibility

*H2 ideally from VRE excess electricity

Figure 1: System integration in the renewable energy system and resulting energy and climate system
services from bioenergy.
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https://task44.ieabioenergy.com/wp-

content/uploads/sites/12/2026/04/IEA-Bioenergy Task-44 Foundation-

and-way-forward-1.pdf
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Technologies for Flexible Bioenergy (Updated)

Feedstock Intermediate Energy carner Application
(limited spatial and storable, large spatial and (variable)
temporal flexibility) temporal flexibility

H, co,

Wet biomass N ~ __:::. == Liquid = Chemicals
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storable} S 535*‘:\_

H,
\ Transport &
+ Methane Mobility
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Biogas \__H; cu::'2 \ Industrial heat,
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i i
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Adding renewable Adding H, from CO, for BECCUS, BECCS
heat or electrons renewable electricity if no H, addition
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https://task44.ieabioenergy.com/wp-
content/uploads/sites/12/2025/04/IEAB-Task-44 2025

Report-Technologies-for-Flexible-Bioenerqgy-Update.pdf
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International
Policy review

Expectations on flexible
bioenergy in different
countries

https://task44.ieabioenerg

y.com/publications/expect
ations-on-flexible-
bioenergy-in-different-
countries/

IEA
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Figure 6: Strength of different drivers for flexible bioenergy implementation during 2020-2022 in different countries.
Large bubbles represent strong drivers, small bubbles are weak drivers. Brazil not included.
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Flexible bioenergy best practices
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Exemplary integration: Bioenergy <> Hydrogen

https://task44.ieabioenergy.com/
inter-task-project-on-hydrogen-and-bio-based-value-chains/

Extensive collaboration over 4 years
between most IEA Bioenergy TCPs and Hydrogen TCP

Both technologies are metabolic,

that means, they operationally rely on inputs (incl. electricity, biomass, water),

creating outputs (incl. energy carriers, emissions)

WP1 report

WP3 report

ergies and Services from H and
Bb dVl Chains Deployment

n- publlcatlon

== Hublished SR I e b M AR
Synthesis report WP2 report
- -
o WSubl]shed v B‘oe"e[r)ubllshed

Synergies of gre hyd g
biobased value cha

- need for infrastructures, conversion tech, storages, derivates, standards, emerging markets

—> integration opportunities
* knowledge and experience transfer
e joint use of infrastructures
* hydrogen improving bioenergy products (H2 + Biogas)
* hydrogen produced from biomass

Synergies of gre hyd ogen
biobased value h s deploymen t
port W rom
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Integration creates flexibility — flexibility needs to be managed
(report forthcoming)

To provide the flexibility needed we require control strategies, able to
—> handle strongly varying operating conditions (fuel variations, load modulation, etc.) automatically

Implementation of control strategies needed on
* System level — scheduling of controllable producers, storages and consumers

* Technology level — flexibilization of biomass conversion technologies by means of control

optimal operation predicting volatility modulating in variation range
(efficiency, CO, emissions, ...) of production and consumption of the configurations



Managing flexibility — operational aspects

Modular, predictive, optimization-based supervisory control of multi-energy systems

\
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Implementation & tests

« Coupled, cross-ownership district heating
grid

» Biogas CHP plant connected to DH

» Fixed-bed biomass gasification CHP
plants

Special session at CEBC:

%% Date: 22 January 2025, 14:00 — 15:30
¢ Location: Messe Graz, Austria

¢~ Organized by IEA Bioenergy Task 44 —
Markus Golles (BEST)



A definition of Flexibility 12

Energy System Flexibility Coordination Group
Michele de Nigris & Andreas Hauer

Involved IEA TCPs: 4E, Bioenergy, EBC, ES TCP, ETSAP, FBC, Geothermal, GHG, HPT, H2, Hydro, IETS,
ISGAN, SolarPACES, USERS, Wind

Flexibility of an energy system is the ability to adjust
supply, transmission, distribution & storage, and demand,

across all relevant time and geographical scales considering all
energy vectors, in response to changing conditions or policy
objectives.

Best compromise but ho unanimous agreement:

* |t overcomes the existing definition «confined» to power systems

+ No unanimity with respect to the necessity to outline a threat «changing conditions or policy
objectives»



Current list of Contracting Parties to the
[EA Bioenergy Agreement

Commonwealth Scientific and Industrial Research Organisation (CSIRO) (Australia)

The Republic of Austria

The Government of Belgium

The Department of Biofuels of the Ministry of Mines and Energy (Brazil)

Natural Resources Canada

Energy Research Institute ERI (China)

The Ministry of Transport and Energy, Danish Energy Authority

Commission of the European Union ’ Your country is not on this list?
L’Agence de 'Environnement et de la Maitrise de 'Energie (ADEME) (France)

Agence de la Transition Ecologique (ADEME) (France)

Innovation Funding Agency Business Finland .
Danish Energy Agency — the Ministry of Climate, Energy and Utilities (Denmark) Recommended StepS.
Federal Ministry of Food and Agriculture (Germany)

Federal Ministry of Agriculture, Food and Regional Identity (Germany)

Ministry of Petroleum & Natural Gas (India) 1) contact the IEA Bioenergy Secretary —

The Sustainable Energy Authority of Ireland (SEAI) i

Gestore dei Servizi Energetici — GSE (ltaly) Andrea ROS?’I ] ]

The New Energy and Industrial Technology Development Organization (NEDO) (Japan) httDS//WWW |eab|oenerqv. Com/dlrectorv/
Ministry of Trade, Industry & E , the Republic of K . . . . .
NL Entorprise Agency (The Nethertands) o 2) Contact your ministries and national funding
New Zealand Institute for Bioeconomy Science Limited agenCieS (for membership feeS)

The Research Council of Norway L. .

South African National Energy Research Institute (SANERI) 3) Become an OffIC|a"y delegated National
Institute for Energy Diversification and Saving (IDAE) (Spain)

South African National Energy Development Institute (SANEDI) (South Africa) Team Lead (NTL)

Swedish Energy Agency

The Swiss Federal Office of Energy

Department for Energy Security and Net Zero (United Kingdom)
The United States Department of Energy


https://www.ieabioenergy.com/about/contracting-parties/
https://www.ieabioenergy.com/directory/
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