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1. Background 

The robustness of new biorefinery concepts depends on their ability to survive under 

uncertain future conditions, for example, biomass/feedstock prices, energy prices, 

bioproduct prices, policy instruments, changes in grid power production, and 

performance characteristics of novel processes (yields, efficiencies, etc.). Assessments 

and evaluations, economically and in terms of GHG mitigation typically consider 

today’s conditions, resulting in non-optimal decision-making. Decision support models 

and tools using Ex-Ante Evaluation that address future scenarios in order to identify 

robust biorefinery strategies analysis are needed. Therefore, decision-making is not a 

straightforward process, as complex problems involve numerous options or alternatives 

as well as an array of predefined criteria, which differ in nature and can include 

technical, economic, environmental, market, social, policy and supply chain related 

aspects. In addition, decision makers today require quick, efficient, and integrated 

methods for comparing various alternatives for a wide range of investment scenarios. 

For this purpose, decision support tools usually provide computational support for 

implementing multi-criteria analysis as well as interpreting the results through 

numerical or visual graphic aids.  

Identifying successful bioeconomy strategies remains complex due to uncertainties, 

such as emerging technologies yet to be demonstrated at large scale, performance and 

market adoption of bio-based products, high cost of bioproducts relative to fossil-based 

alternatives, as well as relatively high investment costs and limited access to financing.  

Critical decisions are made early in the strategy definition process, when uncertainty is 

still high, and the amount of reliable information is low. Therefore, no 

biorefinery/bioeconomy initiative can be completely de-risked; however, the use of 

appropriate Decision Support tools can assist in mitigating risks. Figure 1 illustrates the 

role of decision supports in bioeconomy deployment facing techno-economic, socio-

economic, environmental, policy/legal, and supply chain impacts. 

 

 
Figure 1. Role of decision support tools in bioeconomy deployment 
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A decision support system (DSS) is a computer-based information system that supports 

business or organizational decision-making activities. Sprague and Watson describes 

the key features of a DSS as follows: 

- DSS tends to be aimed at less well-structured, underspecified problem that upper 

level managers must often face; 

- DSS typically attempts to combine the use of models or analytic techniques with 

traditional data access and retrieval functions; 

- DSS focuses on features which make them easy to use by non-computer-

proficient people in an interactive mode; and 

- DSS emphasizes flexibility and adaptability to accommodate changes in the 

environment and the decision-making approach of the user. 

DSS can include knowledge-based systems. A properly designed DSS is an interactive 

software-based system intended to help decision makers compile useful information 

from a combination of raw data, business and technology models, scenarios to identify 

and solve problems, and to make decisions.  This allows the end user to make decisions 

that are well informed at a quicker pace. 

In the case of the bioeconomy, various DSS and similar software are emerging and have 

been developed, often on an ad hoc basis – typically emerging out of a research need.  

There could be significant value resulting from this Subtask within the IETS-Task XI 

Industry-based Biorefineries towards Sustainability that brings DSS developers together 

in order to, for example, (a) identify complementarities and potential synergies, as well 

as (b) best practices. The lack of customized tools for different needs is a significant 

drawback, specifically for continuously evolving fields of industry such as forest 

biorefining. Moreover, even though several general-purpose decision support tools 

provide guidance on how to perform analysis, their correct use still falls under the 

responsibility of the decision-maker who might not be necessarily aware of their 

limitations and flexibilities. 

The ex-ante (and ex-post) reasoning in economic topics was introduced by Swedish 

economist Gunnar Myrdal over 1927–39.  The development of ex-ante research has 

grown since that time.  In the contemporary context, ex-ante research is broadly used in 

the financial world; the ex-ante return is the expected return of an investment portfolio. 

The ex-ante analysis is used to give an idea of future movements in price or the future 

impact of a newly implemented policy, especially in the European context, World Bank 

context. The ex-ante review has been used to estimate the potential energy savings for 

energy efficiency measures in California before being installed, based on predictions of 

typical operating conditions and baseline power usage. 

Ex-ante research has begun to find its way into the systems analysis of biorefinery 

strategies.  Perhaps most notably Andrea Ramirez, Chair on Low Carbon Systems and 

Technologies at Delft University of Technology, has been actively developing a 

research program focused on “Key challenges for the economic and environmental 

https://iea-industry.org/tasks/annex-xi-industry-based-biorefineries/
https://iea-industry.org/tasks/annex-xi-industry-based-biorefineries/
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evaluation of large biorefinery concepts” employing ex-ante research in combination 

with other systems analysis tools. 

2. Objectives and Scope 

The proposed subtask within the IETS-Task XI on Industry-based Biorefineries towards 

Sustainability aims at advancing and sharing knowledge on decision support approaches 

and tools, as well as establishing and disseminating the best practices and guidelines 

with respect to decision support systems (DSS) and ex-ante scenario analysis methods. 

The overall objective of the subtask is to make the linkage between DSS and ex-ante 

scenarios through the sharing of different methods and calculation methods, applied to 

case studies. 

More specifically:  

- Better understand the complex decision-making needs of industry and 

government related to setting bioeconomy strategies; 

- Become aware of decision support system software tools that have been or are 

being developed to assist in addressing complex decision-making with regards 

to bioeconomy transformation; 

- Identify specific gaps and development priorities for DSS software/tools 

Understand the role of ex-ante research in the development of DSS tools; 

- Characterize the DSS software tools with regards to decision-making objectives, 

decision-making time horizon (strategic/tactical, operational), methods and 

models, databases, etc.; 

- Become aware of case studies that have been addressed by DSS software and 

ex-ante methods/tools; 

- Critically analyse the set of existing DSS tools or under development for 

strategic decision-making: 

• Establish complementarities and potential synergies between different 

decision support tools and ex-ante methods; 

• Demonstrate the pertinence relative to complex bioeconomy decisions 

critical to industry, especially considering ex-ante scenario analysis 

approaches and methods; 

• Collect and deploy internationally the best practices and most advanced 

tools to support assessing techno-economic, socio-economic, policy and 

environmental impacts  of bioeconomy projects in view of developing 

ex-ante scenarios to achieve 2030 and 2050 net-zero objectives.. 

  

https://iea-industry.org/tasks/annex-xi-industry-based-biorefineries/
https://iea-industry.org/tasks/annex-xi-industry-based-biorefineries/
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3. Organization of work 

In order to achieve the above objectives of this subtask, the work is organized around 

three major key activities: 

1) Decision making methodologies and decision support tools 

Decision-making methods and tools have been traditionally used for industrial process 

and energy systems. However, considering the increasing need for radical and rapid 

improvements of such systems for deep decarbonization and deployment of 

bioeconomy transformation strategies, the need for informed decision-making with 

many uncertainties has become imminent. This activity will review existing 

multidimensional methodologies to support effective decision-making processes and 

related decision tools, as well as will establish how the technology, market and policy 

risks (or uncertainties) are reflected. Furthermore, ex-ante based methods for future 

biorefinery scenarios will be analysed in the context of transformation of the industry 

towards sustainable bioeconomy and plausible transformation pathways will be 

established. A summary of the most advanced decision support tools will be provided, 

including the tool frameworks and the foundation of ex-ante scenario analysis, as well 

as the decision metrics embedded in each tool. One of the critical challenges is, for 

example, how the policy-screening scenarios resulted from decision support tools can 

be used in ex-ante assessments to forecast the effects of alternative policies on 

environmental outcomes. Therefore, the perspective of combining decision systems 

tools with ex-ante methods will be investigated. Ultimately, the opportunity of putting 

forward a harmonised decision support framework for the decarbonisation of industry 

through biorefineries will be examined. 

2) Biorefinery case studies  

Based on on-going biorefinery and/or bioeconomy R&D projects in different countries, 

all participants will develop a series of case studies that will cover the foundations of 

decision support tools and ex-ante scenario analysis methods, as well as their 

applications for biorefinery projects in different industrial sectors. A summary of the 

nature of these projects along with all methods and tools used for scenario analysis will 

be developed and disseminated through the IEA-IETS communication means. A SWOT 

analysis of these methods and tools will be also created. The projects will be presented 

in workshops combining research organizations and industrial stakeholders. This second 

activity will be run in close collaboration with the new proposed Task XI’s Subtasks, 

i.e. “Technology pathways towards negative /net -zero emission biorefineries”, and 

“Circular bioeconomy and biomass-oriented industrial symbiosis”. This second activity 

will be an opportunity to establish   

3) Organization of webinars and workshops  

It is planned to hold at least three webinars and two workshops per year to transfer 

knowledge and techniques related to decision support systems and ex-ante scenario 

analysis in the context of bioeconomy and deep decarbonization of the industry.  
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4. Deliverables 

The deliverables in the Subtask will be: 

• Synopsis of decision support tools and ex-ante analysis methods 

• Recommendations for future research and developments 

• Executive project summaries   

• Workshop and webinar summaries 

• Annual reports for the IETS Executive Committee 

• Newsletter contributions to the IETS website 

 

5. Program Subtask Plan 

The time schedule and the amount of work performed in the Subtask will be the 

following: 

 

 

Year Activities Status/Completion Date 

2021 Organize a two-day workshop on 

“Future Scenarios and Strategic 

Decision-Making for Industry 

Transformation: Powered by 

Systems Engineering” 

Completed May 2021 

Attract new projects  

 

Ongoing 

 

2022 Organize initial meetings on 

biorefinery projects involving 

decision support tools and ex-

ante scenario analysis 

2 meetings over Q1/Q2-2022 

Discovery Meetings:  Analyse the 

biorefinery projects being 

developed, extract key findings 

2 meetings over June Q3/Q4-

2022 

Critical review of linkage 

between DSS and ex-ante 

scenarios to accelerate 

bioeconomy deployment 

Q4-2022 

Joint workshop with IEA 

Bioenergy Task 42 

Q4-2022 
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Consolidate collaboration within 

IETS, including but without 

limitation to Task XVII, Task 

VIII and Task XXI 

Q4-2022 

2023 Discovery Meetings:  Analyse the 

biorefinery projects being 

developed, extract key findings 

 2 meetings over Q1/Q2/Q3-2023 

Develop concepts around a 

decision support framework for 

ex-ante scenarios and industry 

based biorefineries 

Face-to-face working meeting 

Q4-2023 

Extend collaboration to other IEA 

TCPs, e.g. IEA Bioenergy (Tasks 

33, 34, 39, and 45), IEA-ETSAP 

(Energy systems modelling for 

decision making)  

Q2/Q3-2023 

Organize inter-TCPs workshop 

on various decision making 

processes to support multisector 

industries 

Q4-2023 

2024 Preliminary roadmap for 

decision-making processes to 

support the transition of industry 

towards sustainability 

Initial meeting Q1/Q2 2024 

Face-to-face working meeting 

Q3-2024 

Guidelines and recommendations 

for future biorefinery scenarios 

analysis and key success factors 

to achieve the bioeconomy net-

zero GHG emissions goals 

Q4-2024 

Assemble subtask final report Final Meeting Q4-2024 
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6. Dissemination 

6.1 Dissemination 

The results from the Subtask will be disseminated through the following activities: 

• A series of webinars and workshops 

• Joint activities with IETS-Tasks XVII and XVIII, and IEA Bioenergy Task 42 

• National and International events such as but not limited to International 

Sustainable Energy Conference, Nordic Wood Biorefinery Conference, 

BIOFOR International Conference, Canadian Conference of Chemical 

Engineering 

6.2 Intellectual property rights 

6.2.1 The Participants agree that each Participant retains administration and control of 

Intellectual Property (IP) developed under this subtask. To the extent possible, 

each Participant agrees to make available to the other Participant its Arising IP as 

well as its Background IP if the other Participant requires to make use of the first 

Participant’s Arising IP, but only for research and development within the 

facilities of the other Participant by the other Participant alone or in collaboration 

with a third party. 

6.2.2 Notwithstanding section 6.2.1, it is agreed that each Participant may use any 

written material contained in the Deliverables, including any arising intellectual 

property, solely for the purpose of performing its obligations under this 

collaboration. 

6.2.3 Each Participant may not distribute any written material contained in the 

Deliverables without the written approval of the manager of the subtask, which 

shall not be unreasonably withheld. 

7. Duration of Subtask 

This Subtask shall enter into force on January 1st, 2022 and shall remain in force for a 

period of 3 years until January 31st, 2025. 

8. Resources 

The Subtask manager and, if applicable, the activity leaders will be the following: 

Subtask managers: Paul Stuart and Marzouk Benali 

Activity 1 leader: Marzouk Benali 

Activity 2 leader: Paul Stuart 

Activity 3 leaders:  Paul Stuart and Marzouk Benali 
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9. Obligations and Responsibilities of the 

Participants 

Participants will actively contribute to subtask meetings and webinars with 

presentations on their work and related projects to this subtask. This can include 

organization of subtask meetings and academia/industry workshops. It is anticipated to 

exchange tools and methods to promote their evaluation in the international network. 

Participants will also contribute to surveys, make active contributions for bioeconomy 

projects, and share the best practices in the context of decision-making processes and 

analysis of future bioeconomy scenarios. 

Participants shall be contributing with projects in line with Subtask topics with at least 

10 person weeks per year. 

The Subtask Managers and their support shall contribute at least 2 person months effort 

per year, and each Subtask participant must make a contribution. The obligations of the 

Participants are also:  

- Active participation in the workshops; 

- Preparation of necessary presentations and working documents for the 

completion of the Subtask including country specific reports; 

- Review of the documents and draft of the annual and final reports 

 

10. Funding for Subtask Management 

10.1 Participants, if applicable 

Not applicable, as per now. 

10.2 Subtask host country 

The Office of Energy Research and Development of Natural Resources Canada has 

funded the participation of CanmetENERGY in the IETS. 

 

11. Participants 

The participants in the subtask will include: 

 

- Polytechnique Montréal, Canada: Paul Stuart 

- Natural Resources Canada, CanmetENERGY: Marzouk Benali 

- AEE INTEC, Austria: Bettina Muster-Slawitsch  

- Chalmers University of Technology, Sweden: Elin Svensson and Matty Janssen 

- EnVertis Inc., Canada: Virginie Chambost 
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- Delft University of Technology, The Netherlands: Andrea Ramirez-Ramirez 

- Directorate-General of Energy and Geology (DGEG), Portugal: Ana Andrade 

- University of the Basque Country, Spain: Jalel Labidi 

- National Renewable Energy Laboratory, USA: Emily Newes 

- IEA Bioenergy Task 42: Bert Annevelink 

- ADEME, France: Elliot Mari 

 

The possible contribution of experts from countries which are not yet partners of the 

IEA IETS TCP will follow the IETS participation rules, and possibilities to join will be 

discussed. 

12. Subtask Management 

Paul Stuart and Marzouk Benali will manage the management of the “DSS and Ex-Ante 

Research” subtask within the Task XI “Industry-based Biorefineries towards 

Sustainability”. 

12.1 Subtask management obligations (and funding) 

 

Contact details: 

 

Paul Stuart 

Product and Process Design Laboratory 

Department of Chemical Engineering  

Polytechnique Montréal, Quebec, Canada 

Telephone : +1-514-891-3506 

Email: paul.stuart@polymtl.ca  

Marzouk Benali 

Natural Resources Canada 

CanmetENERGY 

Industrial Systems Optimization 

Telephone: +1-514-241-5915 

Email: marzouk.benali@nrcan-rncan.gc.ca  
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