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INTRODUCTION  

IEA Bioenergy Task 44 Flexible Bioenergy and System Integration is a new Task, which started in the 
triennium 2019-2021 with nine participating countries. Task 44 contributes to the development and analysis 
of bioenergy solutions that can provide flexible resources for a low- carbon energy system. The objective is 
to improve understanding on the types, quality and status of flexible bioenergy, and identification of 
barriers and future development needs in the context of the entire energy system (power, heat and 
transport). The nature of the Task is cross-cutting over different sectors and has a systemic view. 

The ongoing energy transition is mainly driven by reductions in the cost of wind and solar energy, and 
political efforts to reduce greenhouse gas emissions. Although climate and energy policies are still largely 
focussed on electricity, most of the energy is used for heating, cooling, and transport. These sectors have 
remained deeply reliant on fossil fuels and significant decarbonization efforts are needed to ensure that the 
overall emission pledges of the Paris Accord can be met. In addition to sector-specific measures, it is 
essential to recognize the links between electricity, heat and transport and exploit synergies so that these 
sectors will support each other’s in the effort to decarbonise. 

Bioenergy has some unique properties that can address many of the problems related to the rapid transition 
to a low-carbon energy system. When sustainably sourced and used, bioenergy can provide the following 
system services: 

(i) operate as a key element in the coupling of different energy sectors; 

(ii) provide low-carbon energy to complement wind and solar (residual load and grid stabilisation); 

(iii) store electricity chemically into fuels to enable more efficient use of wind and solar 

(iv) provide sustainable fuels for sectors where other decarbonisation options are not available or 
exceedingly expensive 

(v) provide high temperature heat to industry, and low temperature heat for buildings (and sanitary water) 
during dark and cold seasons 

(vi)  coproduce heat, electricity, fuels and other products in a single high-efficiency processing plant; 

(vii) provide negative emissions or carbon-neutral fuels, chemicals and materials through BECCS/U. 

 

Provision of these system services requires a fundamental shift in the way bioenergy is being used, but there 
is currently a limited understanding on the details of such change. Task 44 aims at improving the 
understanding of the role of flexible bioenergy in the energy system transition and beyond, and more 
broadly in the climate system. 
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BACKGROUND 

The ongoing energy transition is mainly driven by reductions in the cost of wind and solar energy, and 
political efforts to reduce greenhouse gas emissions. Although substantial deployment of variable renewable 
energy (VRE) is an important part of the overall transformation, rapid changes in the energy mix may pose 
challenges to the resilience of the electricity grid, particularly in times of weather-related stress. As fossil 
generation capacity is being retired and replaced by VRE generation, it raises the important question of how 
to maintain the stability and reliability of future energy supply. 

The increasing share of VRE sources leads to a need for more flexibility and controllability of other energy 
sources, energy carriers and energy storage devices. Besides electricity storage in batteries, redox flow 
batteries, pumped hydro storage power plants, and hydrogen based technologies also sustainable biomass 
and waste streams containing biomass can contribute to the stability and resilience of the energy system if 
applied in a flexible manner. There are a large variety of bioenergy solutions potentially making the 
inherent flexibility of sustainable bioenergy usable and providing flexibility services. However, by far not all 
of the technically possible and successfully demonstrated process options are regularly applied. While 
biomass-based heat or combined heat and power production is quite common, the flexibility of these units 
for positive ancillary services is only rarely exploited. Negative ancillary service, i.e. the flexible up-take 
of electricity that cannot be used otherwise at time and site of its production by e.g. Power-to- Gas or 
Power-to-Liquid type processes, is technically solved and successfully demonstrated only for biogas-
upgrading by methanation of the CO2 content. Long-term flexibility, i.e. the conversion of biomass to 
energy carriers that can be easily transported or stored within existing infrastructure, is quite common for 
biogas upgrading by CO2 separation. The conversion of wood to non-solid energy carriers such as methane, 
stabilized pyrolysis oil, Fischer-Tropsch Diesel or similar has been demonstrated, but most have not found a 
good business case yet. 

Flexible uptake of hydrogen from VRE creates multiple synergies between hydrogen and bio- based value 
chains. Biomass can deliver the biogenic CO2 for energy carrier production and to store large amounts of 
hydrogen (Carbon Capture and Utilization, CCU). However, both synergies and trade-offs between 
different energy system services, e.g. flexibility provision and CCU, occur. 

The role of bioenergy varies between countries and sectors in different countries. The ‘landscape pressure’ 
for flexibilization of the energy systems is still low in most countries and market mechanisms to support 
deployment of this niche application are missing. Barriers for flexible bioenergy implementation relate to 
policy frameworks and market mechanisms to valorize flexibility rather than technological challenges. 
Markets and frameworks are needed, but the diversity of biomass value chains from feedstock to application 
and large variety of possible flexibility services poses a challenge for the design. Challenge of quantifying 
systemic gains and translating them into an economic profit is a prevailing barrier for multiplication of 
flexible bioenergy solutions. However, several Best Practice examples in different categories (flexibility in 
terms of feedstock, bioenergy carrier, operation and product) exist in different countries. 

The development of flexible bioenergy is still in an early stage and thus, clearly defined and commonly 
agreed-upon terminology and definition are important. A clear definition that captures different potential 
benefits from flexible bioenergy is necessary to be developed to accelerate flexible bioenergy deployment, 
to facilitate knowledge exchange between the scientific community, policymakers and other stakeholders, 
and to inform about the added value of flexibility.  
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REPORT ON THE TASK’S OBJECTIVES 

Task 44 contributes to the development and analysis of bioenergy solutions that can provide flexible 
resources for a low-carbon energy system. The objective is to improve understanding of the types, quality 
and status of flexible bioenergy, and identification of barriers and future development needs in the context 
of the entire future energy system (power, heat and transport). Three high level objectives covering 
different aspects of flexible bioenergy were set: 
 
1. To develop and evaluate viable flexible bioenergy concepts for supporting low-carbon energy systems 
2. To accelerate the implementation of flexible bioenergy concepts 
3. To identify system requirements for flexible bioenergy concepts 
 
The following sections describe how Task 44 addressed the objectives, the key conclusions and learnings, 
and needs and ideas for future work. 
 

Development and evaluation of viable flexible bioenergy concepts for supporting low-carbon 
energy systems 
Bioenergy and system integration cover multiple dimensions of flexibility, including temporal and spatial 
flexibility, as well as flexibility with respect to feedstock, operation, and end- products. However, a clear 
overview of technical options and their development and implementation status as well as technology 
catalogue including technical and economic data were missing. To address this gap, Task 44 collected a 
concise review of technical possibilities and key techno-economic data in the report ‘Technologies for 
Flexible Bioenergy’1. 
 
As a basis for the technology review, a collection and clustering of flexibilization options for different 
conversion technology types were drafted, and respective experts within the IEA Bioenergy TCP network 
were asked to provide feedback on issues such as the Technology Readiness Level (TRL), Research and 
Development needs, expectations, technical performance and flexibility characteristics. Flexible bioenergy 
technologies were categorized into two different groups: i) short- and mid-term flexibility to balance and 
stabilize the electricity grid by both positive and negative ancillary services, and ii) long-term flexibility by 
biomass-based energy carriers that can be (seasonally) stored and transported within existing infrastructure. 
 
Flexible bioenergy technologies encompass different feedstock types (e.g. wet vs dry biomass residues), 
intermediates and bioenergy carriers (liquid, gaseous, solid), and energy applications (electricity, heat, 
transport fuels). Figure 1 shows how many value chains exist from feedstock to application including the 
options for changing place and time for using the bioenergy. For many of the value chains even several 
process options exist. 
 
As a common observation, the processes that work in most countries are starting from waste streams that 
have to be treated but cannot easily be valorized otherwise, e.g. sewage sludge to biogas to biomethane. 
Also, the production of heat and electricity from biogas and wood is applied at many places, but usually 
with financial support schemes. By far not all of the technically possible and successfully demonstrated 
flexible process options are regularly applied. The inherent flexibility of biomass combined heat and power 
(CHPs) for ancillary services is most often not used, as without specific incentive, economics dictates 
continuous operation at maximum load. 
 
 

 

 

1 Schildhauer, T., Kroon, P., Höftberger, E., Moioli, E., Reichert, G., Kupelwieser, F., 2021. Technologies for Flexible Bioenergy. 
IEA Bioenergy Task 44, 2021:8. https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/08/IEA-Task-44- report-
Technologies-for-Flexible-Bioenergy.pdf 

 

https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/08/IEA-Task-44-report-Technologies-for-Flexible-Bioenergy.pdf
https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/08/IEA-Task-44-report-Technologies-for-Flexible-Bioenergy.pdf
https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/08/IEA-Task-44-report-Technologies-for-Flexible-Bioenergy.pdf
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Figure 1. The network of flexible technologies in biomass related energy conversions. Green 
arrows indicate technologies which are already applied; yellow arrows indicate technologies 
which have been demonstrated technically, but do not yet have a working business case; red 
arrows indicate technologies under development. 

 
Both CO2 and hydrogen streams highly relate to flexible bioenergy value chains and can provide further 
energy and climate system services. Negative power services can be provided by up- taking renewable 
hydrogen from electrolysis during times of abundance. Especially the upcoming hydrogen strategies in 
several countries will open many new options for synergies with bioenergy. If larger amounts of hydrogen 
have to be stored, it is favorable to convert it to energy carriers that can utilize existing storage and 
distribution infrastructures. Biomass can deliver the carbon as biogenic CO2, which is an inherent by-
product of all fermentations, anaerobic digestions or ethanol production, but also present in product gas 
from gasification or pyrolysis, or can be recovered from flue gases from biomass combustion in CHPs or pulp 
and paper mills (CCU, Carbon Capture and Utilization). Negative CO2 emissions can be achieved by 
capturing CO2, especially from biogas or gasification product gas upgrading processes, and sequestrating it. 
 
Key take-aways: 
• Biomass can provide flexibility throughout supply chains, not only for energy but for the broader 

bioeconomy. 
• Many high TRL options are already implemented, such as CHP production, but are not making use of the 

flexibility potential. 
• Multiple options to include renewable hydrogen in bio-based value chains open options for synergies. 
• The broad use of bioenergy flexibility will depend on a suitable market design and for some period also 

support schemes. 
 
Further actions: 
• Monitoring of technology progress. 
• Identification of R&D needs and supporting solutions, in particular in the field of automation and control 

for short- and mid-term flexibility. 
 
 

Acceleration of the implementation of flexible bioenergy concepts 
Bioenergy has some unique properties that can address many of the problems related to the on- going 
transition to a low-carbon energy system. However, realizing the potential bioenergy can offer, a 
fundamental shift in the way it is used is needed - there is currently only a limited understanding of the 
details of such change. Since the views on flexible bioenergy and its role vary between disciplines and world 
regions, it is necessary to understand, in addition to technical status, also implementation status in 
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different countries. To provide a picture of the implementation of and expectations towards flexible 
bioenergy, Task 44 provided a country and implementation status review ‘Expectation and implementation 
of flexible bioenergy in different countries’2. 
 
For the review, a questionnaire was designed to capture country-specific information, including statistical 
data on renewables and bioenergy implementation status, flexible bioenergy best practices, incentives, 
barriers, subsidy systems and policy frameworks. The questionnaire was distributed to dedicated country 
experts within the IEA Bioenergy network. The report covers 11 OECD countries; Australia, Austria, 
Denmark, Finland, Germany, Ireland, Italy, the Netherlands, Sweden, Switzerland and the United States. 
 
The relevance of flexibility will increase with the expected increase of varying renewable energies in the 
energy system. Technical barriers are not seen as a significant challenge, but the economic feasible 
integration of the technologies in the overall energy system. Therefore, a stronger link between flexible 
bioenergy and other options for flexibility, such as demand side management, energy storage, power-to-X 
and also green hydrogen is needed. Also, a lack of regulation and insufficient political framework and 
market mechanisms to valorize flexibility are common barriers. Analysing the barriers indicates that certain 
stakeholders, policy makers and the energy sector, require more information. In this field, research 
institutions can be supportive and provide information on technologies, costs and energy system related 
aspects. Market barriers can be addressed by incentivizing bioenergy intake considering multiple benefits 
like sector coupling, flexibility and resource availability. 
 
Further work of Task 44 showed that the scientific literature on flexibilization of the energy system is, so 
far, mainly associated with balancing production and consumption of renewable electricity only.3 However, 
within the bioenergy and bioeconomy discussion, perceptions and expectations extend far beyond just 
electricity. Future work will have to consider the broader definition of bioenergy flexibility in energy system 
models, which are used to optimize the overall energy system in long-term energy system planning. Having 
flexible bioenergy options included in the energy system models supports quantification of its value. 
 
The review and scientific literature show that flexibility goes far beyond short-term flexibility and 
electricity within the field of bioenergy and bioeconomy. Thus, a broader definition was needed. Task 44 
defined flexible bioenergy as deployment of sustainable biomass to provide multiple services and benefits to 
the energy system under varying operating conditions and/or loads contributing to energy security3. The full 
definition also includes examples to concretize it. 
 
The clear definition will support the future work of the Task 44 by making the concept of flexible bioenergy 
more understandable for all. 
 
Though flexible bioenergy still represents a niche application, several Best Practice examples exist. In order 
to promote well-working cases and future possibilities as well as to support learning from existing cases, 
Task 44 started a collection of Best Practice examples4. They represent different categories of flexibility: 
feedstock flexibility, bioenergy carrier flexibility, operational flexibility, and product flexibility. 
 
Based on the findings during the triennium, Task 44 developed ‘Five cornerstones to unlock the potential of 
flexible bioenergy’5. The target of the discussion paper is to encourage collaboration and knowledge 
sharing, raise awareness for the important potential of flexible bioenergy in sustainable energy system 
integration, and explore issues and solutions to fully realize this potential. Flexible bioenergy provides 
additional value to different energy sectors and can accelerate the transformation towards renewable 
energy systems. Five cornerstones for the successful implementation of flexible bioenergy systems are 
necessary. 

 

 

2 Thrän, D., Schering, K., Schmieder, U. et al., 2021. Expectation and implementation of flexible bioenergy in different countries. IEA 
Bioenergy Task 44, 2021:3. https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/04/IEA-Task-44-report- Expectation-
and-implementation-of-flexible-bioenergy-in-different-countries.pdf 
3 Schipfer, F., Mäki, E., Schmider, U. et al. Status of and expectations for flexible bioenergy to support resource efficiency and to 
accelerate the energy transition. Renew Sustain Energy Rev, 158 (2022), 112094. https://doi.org/10.1016/j.rser.2022.112094 
4 https://task44.ieabioenergy.com/best-practices/ 
5 Thrän, D., Anderson, K., Schildhauer, T., Schipfer, F., 2021. Five cornerstones to unlock the potential of flexible bioenergy, 
Lange, N. (Ed.) IEA Bioenergy Task 44, 2021:11. ISBN: 978-1-910154-99-1. https://task44.ieabioenergy.com/wp- 
content/uploads/sites/12/2021/11/Five-cornerstones-to-unlock-the-potential-of-flexible-bioenergy.pdf 

https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/04/IEA-Task-44-report-%20Expectation-and-implementation-of-flexible-bioenergy-in-different-countries.pdf
https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/04/IEA-Task-44-report-%20Expectation-and-implementation-of-flexible-bioenergy-in-different-countries.pdf
https://doi.org/10.1016/j.rser.2022.112094
https://task44.ieabioenergy.com/best-practices/
https://task44.ieabioenergy.com/wp-
https://task44.ieabioenergy.com/wp-content/uploads/sites/12/2021/11/Five-cornerstones-to-unlock-the-potential-of-flexible-bioenergy.pdf


 
7 

 

 
Key take-aways: 
• Flexible bioenergy extends far beyond short-term flexibility and electricity. Thus, the definition must 

have a broader bioeconomy view. 
• Technical barriers are not significant, but missing political framework and market mechanism to valorize 

flexibility are common barriers. 
• Flexible bioenergy is a niche application, and Best Practice examples are needed to accelerate the 

implementation. 
• There is a missing blue print how to integrate flexible bioenergy in energy system models. 
 
Further actions: 
• Define flexible bioenergy with a broader bioeconomy view. 
• Collect Best Practice examples to showcase successful cases. 
• Include flexible bioenergy options in long-term energy system models and planning. 
• Identify synergies and trade-offs between different system services from bioenergy, i.e. flexibility to 

support VRE integration, uptake of green hydrogen and generating negative emissions. 
 
 

Identification of system requirements for flexible bioenergy concepts 
This work item aimed to create a picture of types of flexibility resources needed in different stages of 
energy transition, energy system requirements towards flexible bioenergy, relationship between flexibility 
and other issues related to energy transition (e.g. digitalization, sector coupling, etc.), and inclusion of 
bioenergy in integrated energy system modelling. The questions were mainly addressed through 
collaboration with other Tasks and TCPs in the format of workshops. The first one was organized as inter-
TCP webinar6 by the IEA with the objective of bringing together experts in the Technology Collaboration 
Programs and Tasks to discuss how to best model future energy system flexibilities from different 
options. The webinar was participated by Task 44, Wind TCP, PVPS TCP, ETSAP TCP, ECES TCP, Users 
TCP and Hydropower TCP. 
Task 44 and Task 39 organized a virtual joint workshop ‘Role of biofuels production / biorefineries in grid 
balancing’. This workshop’s objective was to provide an overview of flexibility options for fuel production-
oriented biorefineries and gain insights into concepts and challenges for biorefinery designs that enable 
more flexible biofuel and biopower production. A key challenge identified and discussed in the workshop 
was the generally higher costs required to implement biorefinery designs that enable greater grid 
flexibility. Discussions highlighted the need for further research into compelling schemes as well as the 
potential for industrial symbiosis-oriented plant designs to mitigate cost barriers. It was also noted that 
stronger policies requiring and incenting industrial symbiosis-oriented planning are needed to stimulate 
progress in larger-scale demonstration of grid-stabilizing designs that can benefit the greater energy system 
in addition to increasing biorefinery performance flexibility. 

Further needs for collaboration: 

• Better understanding of the value of different flexibility options in different contexts and at multiple 
time scales, especially of those that are resilient to various future outcomes 

• Collaboration on developing hybrid solutions 

• Further development (higher performance and lower cost) and demonstration of flexible biorefinery 
concepts / industrial symbiosis-oriented plant designs 

 

6  https://task44.ieabioenergy.com/ieaevent/webinar-inter-tcp-meeting-on-integrated-energy-systems/

https://task44.ieabioenergy.com/ieaevent/webinar-inter-tcp-meeting-on-integrated-energy-systems/
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SUCCESS STORY 

Bioenergy has some unique properties compared to variable renewable energy sources and it can provide 
multiple services to the energy system, e.g. flexibility to support integration of increasing amounts of 
VRE in the system while improving resource efficiency. The implementation of flexible bioenergy is in its 
infancy and it represents a niche application, but its relevance is expected to increase with the 
expected increase of VRE in the energy system. One barrier for flexible bioenergy implementation is the 
lack of clear understanding of its technical potential, quantitative value for the system, and the broad 
range of secondary benefits that bioenergy can offer. Missing definition for flexible bioenergy that 
captures multiple value chains potentially providing flexibility services partly hinder the public debate 
around flexibility services from bioenergy. 

Task 44 is a new Task, established in 2019, and during its first triennium it was crucial to outline the 
concept of flexible bioenergy by providing understanding of its status from different perspectives. This 
was done by providing a technical review, a country and implementation status review as well as a 
review on market instruments for valorizing flexible bioenergy. This knowledge led to a definition for 
flexible bioenergy. Furthermore, five cornerstones i.e. next steps needed to accelerate the 
implementation were defined (see Section Conclusions and recommendations). Flexible bioenergy and 
system integration are cross-sectoral issues and thus, technical and systemic knowledge from other IEA 
Bioenergy Tasks and other IEA TCPs was important to create a clear picture of status and potential of 
and expectations towards flexible bioenergy.  

While literature typically connects flexibility to short-term power markets, Task 44 concluded that 
flexibility services from bioenergy go beyond the power sector. The long supply chains typically 
associated to provision of bioenergy or other bio-based products lead to multiple flexibilization options 
along the supply chains (Figure 2). Task 44 categorized the options in feedstock flexibility, bioenergy 
carrier flexibility, operational flexibility, and product flexibility. 

 

Figure 2. Illustration of the supply chain character of the bioenergy-based flexibility types. 
Source: Schipfer, F., Mäki, E., Schmieder, U., Lange, N., Schildhauer, T., Thrän, D. 2022. 

 
Outline of the flexible bioenergy concept serves as a map to guide the scientific community and 
relevant policymakers, stakeholders, and shareholders in effectively advancing sustainable, modern 
and flexible bioenergy. Definition in the context of broader bioeconomy is a good starting point for the 
triennium 2022-2024 to focus on the valorization of flexibility services. 
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CONCLUSIONS AND RECOMMENDATIONS 

During the first triennium of operation, Task 44 provided extensive amount of knowledge around 
flexibilization of energy systems with bioenergy from different perspectives in order to outline the 
concept of flexible bioenergy. This concept serves as a starting point for the triennium 2022- 2024 to 
further raise awareness of flexible bioenergy potential for different audiences and to support 
acceleration of implementation. 

The following list highlights the key learnings and messages from triennium 2019-2021: 

• Biomass supply chain perspective: Biomass can provide flexibility throughout supply chains, not only 
for energy but for the broader bioeconomy. The supply chain perspective includes four different 
categories: feedstock flexibility, bioenergy carrier flexibility, operational flexibility and product 
flexibility. Many different supply chains/pathways exist from feedstock to applications including the 
options for changing place and time of using the bioenergy. Many of the pathways include even 
several process options. 

• Implementation: Many high TRL options are already implemented, but are not making use of the 
flexibility character of the process. Thus, flexible bioenergy represents a niche application, but its 
relevance is expected to increase with the expected increase of VRE in the energy system. The broad 
use of bioenergy flexibility will depend on a suitable market design and for some period also support 
schemes. As an example, the inherent flexibility of biomass CHPs for ancillary services is most often 
not used, as without specific incentive, economics dictates continuous operation at maximum load. 

• Barriers: Technical barriers are not significant, but missing political framework and market 
mechanisms to valorize flexibility are common barriers. The landscape pressure to deploy flexibility 
services is generally low in most countries. For a broader implementation and thus to realize the 
potential of flexible bioenergy to support resource efficiency and to accelerate the energy transition, 
the benefit of flexible scheduling will have to become attractive enough for a critical mass of market 
actors to adopt this niche application. 

• Definition: Bioenergy flexibility extends from short-term balancing services to long-term and seasonal 
flexibility and beyond the power grid to the broader energy system. Task 44 developed a definition 
for flexible bioenergy, embedding these aspects as well as different types of flexibility options along 
the supply chain. 

• Multiple system services: Modern sustainable bioenergy can provide multiple system services. 
Flexibility supporting VRE integration, interactions with green hydrogen value chains and generating 
negative emissions are expected to have multiple synergies and trade-offs. 

 
Flexible bioenergy provides additional value to different energy sectors and can accelerate the 
transformation towards renewable energy systems. Task 44 outlined the following five cornerstones i.e. 
next steps that are necessary for the successful implementation and will focus on these in the triennium 
2022-2024: 

 

1. Clear definition 

Importantly the definition needs to include not only the electricity sector but also multi-product plants, 
providing different energy carriers / fuels /chemicals, and hybrid processes in which biomass and other 
renewable energies and/or hydrogen are integrated. 

  

2. Policy and market conditions 

The policy and market conditions to support flexible bioenergy are still in an early stage. The value of 
flexibility is often created by cost reduction in the overall energy system. Most important is the 
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development of appropriate support schemes to unlock the potential of flexibility in existing and new 
plants. 

 

3. Multiplication of Best cases 

Some Best cases are already implemented. Monitoring of their success and multiplication of their 
experiences is key for a fast transfer in other regions. One relevant initiative in this field is the Best case 
collection on Task 44 website. 

 

4. Technology development 

The technologies currently in the market and many of those in research are not able to cope with 
feedstock, load or product flexibility, because in the past the concepts and in particular the control 
strategies where never designed and developed for highly demanding flexible operation. In particular 
short-term and medium-term flexibility will need a lot of R&D in the field of Automation and Control. 
Further, processes integrating renewable hydrogen should be developed in a way that they can cope 
with phases without hydrogen supply, e.g. in cold seasons due to a lack of renewable electricity for 
operating water electrolysis. Also, efficiently and flexibly recovering biogenic CO2 to enable negative 
emissions may need changes in plant design. 

 

5. Appropriate consideration in long-term energy system planning 

The value of flexible bioenergy is often created by optimization of the overall energy system. Long-term 
energy system planning is often done with energy system modelling. To have the flexible bioenergy 
options integrated into those models is a precondition to optimize their possible value in sustainable 
energy transformation. 
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LIST OF PARTICIPATING COUNTRIES AND NATIONAL TEAM LEADERS  

Country National Team Leader Institution 
Australia Amy Philbrook ATCO 

Austria Markus Gölles 
Fabian Schipfer 
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TU Wien 

Finland Elina Mäki VTT 
Germany Daniela Thrän UFZ 
Ireland Emer Dennehy SEAI 
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TASK MEETINGS AND PARTICIPATION IN MAJOR EVENTS 

• Task meeting, Stockholm, Sweden, Feb-Mar 2019 
• Task meeting, Espoo, Finland, Sep 2019 
•  Workshop on ‘The Role of Bioenergy in a WB2/SDG world’, Berlin, Germany, 25 Nov 2019 
• Task meeting, Graz, Austria, Jan 2020 
• Workshop on ‘Flexible bioenergy’, Graz, Austria, 24 Jan 2020 
• Task meeting, virtual, Mar 2020 
• Inter-TCP webinar on ‘Integrated Energy Systems’, virtual, 6 Apr 2020 
• Task meeting, virtual, Jun 2020 
• Task meeting, virtual, Sep 2020 
•  IEA Bioenergy eWorkshop – Contribution of sustainable biomass and bioenergy in 

INDUSTRY TRANSITIONS towards a circular economy, virtual, 19 Oct 2020 
• Task meeting, virtual, Nov 2020 
• Workshop on ‘Role of biorefineries in grid balancing’, virtual, Nov 2020 

https://task44.ieabioenergy.com/ieaevent/webinar-inter-tcp-meeting-on-integrated-energy-systems/
https://task44.ieabioenergy.com/ieaevent/role-of-biorefineries-in-grid-balancing/
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• Task meeting for next triennium ideas & proposal, virtual, Feb 2020 
• Task meeting, virtual, Mar 2021 
• Webinar on ‘Flexible Bioenergy in Renewable Energy Systems’, 18 Mar 2021 
• Task meeting, virtual, May 2021 
• International Association of Energy Economics (IAEE) conference, virtual, 8 Jun 2021 
• Task meeting, virtual, Sep 2021 
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•  Session ‘Bioenergy’s contribution to low-carbon energy systems’ in IEA Bioenergy’s 

triannual conference, virtual, 7 Dec 2021 
• Task meeting, virtual, Dec 2021 
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SCIENTIFIC ARTICLE 

Schipfer, F., Mäki, E., Schmieder, U., Lange, N., Schildhauer, T., Hennig, C., Thrän, D. Status of and 
expectations for flexible bioenergy to support resource efficiency and to accelerate the energy 
transition. Renewable and Sustainable Energy Reviews 158 (2022), 112094. DOI: 
10.1016/j.rser.2022.112094 

 
VARIATIONS FROM ORIGINAL PROPOSAL 

Not any significant variations or delays were faced. Some adjustments to the scheduling of deliverables 
were made due to delays. However, all the planned activities were finalized well within budget and 
triennium. Only a Case Study as a part of the Inter-task project ‘Deployment of BECCUS value chains’ is 
delayed until end of May 2022, at latest. Covid-19 pandemic, preventing travelling and physical meetings 
and other events, caused savings in budget. These savings were partly re-allocated for extra activities 
(such as Best Practice collection) and will partly be carried forward to Triennium 2022-2024 to support 
Strategic Inter-task project activities. 

 
CO-ORDINATION WITH OTHER TASKS WITH IEA BIOENERGY 

Task 44 organized joint-workshops on ‘Flexible Bioenergy’ in January 2020 in Graz (Task 32, Task 33, 
Task 34) and on ‘Role of biofuels production / biorefineries in grid balancing’ in November 2021 with 
Task 39. Furthermore, Task 44 collaborated with several Tasks in Inter- Task projects on ‘Renewable 
gas’, ‘The Role of Bioenergy in a WB2/SDG world’ and ‘Deployment of BECCUS value chains’. 
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CO-ORDINATION WITH OTHER BODIES OUTSIDE OF IEA BIOENERGY 

 
Task 44 participated in inter-TCP meeting, organized by the IEA, in April 2020. The objective was to 
bring together experts from Technology Collaboration Programs and Tasks to discuss how to best model 
future energy system flexibilities from different options. The webinar was participated by Task 44, Wind 
TCP, PVPS TCP, ETSAP TCP, ECES TCP, Users TCP and Hydropower TCP. 

Furthermore, Task 44 initiated contacts with ETSAP TCP, Hydrogen TCP and AMF TCP to collaborate in 
the Inter-task project ‘Synergies of green hydrogen and bio-based value chains deployment’ in the 
triennium 2022-2024. 

 

INDUSTRY PARTICIPATION 

One industrial partner participated directly within Task 44, ATCO from Australia. Task 44 focused in its 
first triennium to produce an overall picture of the status of flexible bioenergy. One conclusion was that 
Best Practice examples are needed. Thus, more exchange with industry is foreseen in the triennium 
2022-2024. 
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Further Information 
IEA Bioenergy Website 
www.ieabioenergy.com 

Contact us:  
www.ieabioenergy.com/contact-us/ 

 

 

 

 

http://www.ieabioenergy.com/
http://www.ieabioenergy.com/contact-us/
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