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1. Preparation of Annex Proposal 

1.1 Content background 

The circular economy is a new paradigm that aims to minimize the consumption of natural resources. 

Meanwhile, substituting fossil energy with renewable energy sources and by means of primary 

efficiency improvements, is key for a sustainable energy system. Since the supply of raw materials 

often depends on fossil carbon, the concepts of the circular economy and the sustainable energy 

system should share common consideration for economic and especially industrial decarbonization. 

This area of investigation is often called “carbon cycle” or “circular carbon”. The carbon cycle is the 

central point of intersection between the two approaches to sustainability. Circular economy methods 

("the four Re") meet here with measures to avoid process-technically unavoidable CO2. 

The industrial sector is one of the largest greenhouse gas emitters globally. This sector also has to face 

the challenges of greenhouse gas avoidance. It will take significant efforts to achieve deep 

decarbonization. These efforts will take place in different industrial fields of technology, including the 

circular economy and the recycling of carbon. 

1.2 Background to the creation of the annex 

These two topics were discussed, among others, at the workshop on deep decarbonization in Vienna 

in October 2019. This is where the idea of creating an IETS Annex with the focus on decarbonizing 

industrial systems in a circular economy framework arose. As it is about decarbonization, meaning the 

avoidance of utilizing fossil energy, the focus in on the carbon cycle and the surrounding systems. The 

Austrian Climate and Energy Funds, in cooperation with IETS and the Energy Institute at the JKU Linz, 

promoted its further development. 

1.3 Process for the creation of the current proposal 

The following figure shows how the idea for a new annex was pursued and which steps were taken. 

The Annex idea was born at the workshop in Vienna. At the meeting of the executive committee in 

May 2020, the first draft of the annex proposal was presented. It was agreed to continue to pursue 

and process the topic within the framework of the funding provided by the Austrian Climate and Energy 

Funds. 

In August 2020, the Austrian Climate and Energy Funds sent out an updated annex proposal, including 

an explanation for the members of the executive committee how the further procedure should be. 

The procedure from this e-mail onwards is described in detail below in order to allow the readers to 

deduce from it which objectives, perspectives and limitations and were now incorporated into the 

annex proposal. 

This procedure includes interviews with members of the Executive Committee, the active search for 

actors who are potential participants in the Annex as well as a joint workshop between Executive 

Committee members and these actors to specify further the desired fields of work (subtasks). 
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Figure 1: procedure of Annex development 

 

 

1.3.1 Updated proposal (August 2020) 

In summary, the content of the August 2020 proposal draft was the following: 

The circular economy and the sustainable energy system are two "dogmas" and both are indispensable 

in the field of sustainability.  

The circular economy focuses on the use of raw materials. To avoid the excessive use of limited 

resources and resource depletion, the four REs are applied (reduce, reuse, recycle, remove). The 

sustainable energy system is a renewable and highly efficient energy system, in which the use of fossil 

carbon sources can be avoided. Both dogmas are pursued in parallel to each other; they interact or 

often contradict each other, but are rarely considered together in science and discourse.  

Carbon is a key element in both systems. In sustainable energy systems, the use of fossil carbon should 

be avoided, but at the same time, carbon is an important element for the efficient storage of energy. 
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For industrial production, carbon in its various forms (hydrocarbons) plays an essential role as a raw 

material that can hardly be replaced. 

Based on these considerations, three subtasks were proposed: 

 Interactions and contradictions of the dogmas 

 Putting a focus on the carbon cycle (including hydrocarbons) 

 Industrial symbiosis as an enabler 

1.3.2 ExCo interviews 

In the May 2020 IETS meeting of the Executive Committee, the annex concept for a new annex on 

“Decarbonizing industrial systems in a circular economy framework” was presented. It was decided 

that the Austrian representative sends out a draft to the other ExCo members asking them to distribute 

the proposal to interesting groups in their countries. This helps to clarify (1) the IETS countries’ 

participants (at the actor level, e.g. institutions) and (2) the detailed contents of the subtasks.   

Therefore, the next step was to make a round of short interviews to get a general overview of the IETS 

countries’ possible contributions. Energieinstitut an der JKU Linz has planned to have a 30 minutes 

discussion with each member of the Executive Committee. The focus in the interviews was on the 

general interest in the topic and potential participants they know. Finally, nine online or phone 

interviews and one e-mail-based interview were conducted. 

Results: The members of the Executive Committee 

 consider the topic as very important and most state that they would support this annex.  

 realize and emphasize that the topic is rather systemic/holistic or “philosophical“. 

 see significant overlaps with other IEA TCPs, i.e. TCP Hydrogen, TCP Bioenergy and TCP 

Greenhouse Gases. 

As IETS is the TCP on industrial energy technologies and systems, it should focus on industry and 

energy. Interactions with other TCPs are always present, but accepted if IETS TCP concentrates on 

industry. A cooperation with the bioenergy TCP exists and meanwhile, the cooperation with the 

hydrogen TCP was initiated. The coordination with the GHG TCP is in progress. Due to the focus on 

deep decarbonization, a focus on carbon is adequate. 

1.3.3 Feedback from potential participants 

Although the following questions were also included in the interview with the Executive Committee 

members, they primarily addressed the perspectives and opportunities of the potential participants. 

These questions were also included in a questionnaire file sent to the members of the Executive 

Committee in order to be forwarded to potential participants. Based on the August 2020 annex 

narrative and the three subtasks proposed, they were asked to answer these questions: 

 Which are the organizations in your country potentially willing and able to participate in the 

annex? 

 Which are recently finished or ongoing research projects on the topic? 

 Are the subtasks = potential fields of collaboration appropriate? 

 Are there additional areas that should be added? Is any important aspect missing? 

 Are there topics within these areas that you find (critically) urgent to be investigated first? 

In total, 24 potential participants from ten IETS countries were identified. Nine provided feedback via 

by sending back the questionnaire. Fourteen accepted the invitation to the workshop described in 



NEW ANNEX PROPOSAL: Task 1 of “Decarbonizing industrial systems in a circular economy framework” 

6 

 

1.3.4. Even more briefly expressed their interest via e-mail. In total, the potential participants and the 

members of the Executive Committee identified 45 interesting projects. 

The most noticeable and concrete statements as well as the feedback most clearly determining the 

direction of development were extracted and used to modify the subtasks (see 1.3.4). These 

statements and feedback can be found in the appendix (4.1). 

1.3.4 Joint annex proposal workshop 

The workshop took place online on November 11, 2020. Up to 33 people took part in this workshop, 

including potential participants and members of the executive committee. There was a presentation 

of the August 2020 annex proposal, a presentation of the interview results with the members of the 

executive committee, and a presentation of the feedback from the potential participants. 

Update of proposed subtasks: Derived from these results presented (which are described in this 

document in the previous subsections), new subtasks were created, which should be clearer with 

regard to the work to be conducted in them, but basically have the same topic: 

Table 1: Updated proposal of subtask titles. 

Old title New title 

1 Interactions and contradictions of 

the dogmas 

1a Definition and metrics of circular economy and 

sustainable energy systems 

1 Interactions and contradictions of 

the dogmas 

1b Interactive modeling circular economy – life cycle 

assessment – sustainable energy systems 

2 Putting a focus on the carbon cycle 

(including hydrocarbons) 

2 Industrial carbon sources, processing, capture and sinks 

(technologies) 

3 Industrial symbiosis as an enabler 3 Industrial Symbiosis with a clear focus on CCU 

- 4 Exchange with other TCPs and IETS Annexes 

 

There was a request for feedback/discussion after the presentation of the interview results and the 

feedback results, respectively. During the workshop and (as announced) also on the following day, a 

Google document could be used to provide feedback. Multiple feedback has also been received via e-

mail. At the end of the workshop, the participants were divided into two groups to discuss the following 

points: “Your opinion on the subtasks: (i) Denomination, (ii) Content in detail, (iii) Your contribution.” 

Summary of feedback: The majority of the feedback was related to the potential contributions of the 

participants and their knowledge on aspects that are clearly assignable to a subtask. However, what is 

most crucial is the feedback on more general improvements, boundaries, etc. The most noticeable 

statements determining the direction of development of the annex and its subtasks were extracted 

and used to modify the content of the subtasks (see the expected results in 2.3). These statements and 

feedback can be found in the appendix (4.2). 
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2. Proposal for a new annex 

Based on the original idea, proposal drafts and feedback received, the following proposal for a new 

annex was derived. 

Participants need not contribute to each activity, but must contribute to at least one activity.  

2.1 Introduction 

This annex aims to investigate the topic of circular carbon from an industry perspective, i.e. to describe 

industrial energy systems in the context of a sustainable, fossil-free economy, striving to meet the 

targets of both concepts, the circular economy and a sustainable energy system. 

The resource sector’s vision is the so-called circular economy, which aims to avoid the excessive use 

of limited resources and resource depletion. It aims to reuse and recycle resources and products that 

are already in use or built. The energy sector’s vision is a sustainable, carbon-neutral energy system 

that almost exclusively relies on renewables and, in order to achieve this and minimize environmental 

impact, is very energy efficient. Circularity, efficiency and renewability will inevitably play an important 

role in a sustainable economy.1 Both future systems are rarely considered together in science and 

discourse, although they interact or often contradict each other.  

Carbon is a key element in both systems. For industrial production, carbon in its various forms 

(hydrocarbons) plays an essential role as a raw material that can hardly be replaced. While the use of 

energy cannot enter a closed loop, fossil carbon must not be released at the balance sheet. 

Consequently, carbon shall be circulated both in the energy and in the product sector, striving for a 

Carbon Cycle or a Circular Carbon economy.  

Moreover, many industries and the prospects of a future energy system show a strong interaction with 

the hydrogen (H2) topic, with both molecules – H2 and CO2 - being a basis for fuels, storage and 

production based on well-established and innovative processes. As it becomes obvious already today, 

Industrial Symbiosis is one of the key solutions, first, for using energy and resources efficiently and in 

cascaded manner, and second, to realize resource/material circularity. However, such cooperation 

between two or more companies is still not common.  

2.2 Objective 

The general objectives of Task 1 are   

 to develop the annex as a platform for exchange of information, experiences and lessons in 

R&D projects in the area of circular carbon. 

 to identify, and when possible, find pragmatic ways to align information, knowledge, 

definitions, approaches and methodologies used and generated in current and recent projects 

by annex members 

 to broaden awareness and knowledge regarding the system impacts 

 to facilitate international meetings to share experiences, methodologies and project findings 

among annex participants    

                                                           
1 Ellen MacArthur Foundation's report “Completing the Picture: How the Circular Economy Tackles Climate 
Change” (2019, http://www.ellenmacarthurfound.org/publications) describes that Circular Economy is one 
solution, alongside Industrial Symbiosis and Carbon Capture and Storage for the upcoming reduction of 
greenhouse gas emissions in the next decades. 

http://www.ellenmacarthurfound.org/publications
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Taking into account the subtasks and targeted activities in one-year task 1, the objective cannot be to 

answer comprehensively the questions posed. The specific objectives of Task 1 thus are 

 to provide preliminary results and 

 to clearer specify the questions and methods to answer them in Task 2, for example on time 

horizon and physical system boundaries,  and 

 to identify white spots to be included in Task 2. 

2.3 Cooperation in Task 1 

2.3.1 Subtask A: Definition and metrics  

In some of its aspects or parts, the concepts of circular economy and sustainable energy systems 

overlap, interact with each other or contradict each other. Aside from illustrative examples, it is 

important to make these interactions measurable or derive a clear causality and thus identify them 

scientifically. The various definitions of the concepts known in literature and applied in the 

participants’ projects are collected, merged and compared. Key parameters are identified or derived. 

Based on this, the interactions should be clearly discussed or measurable. 

In this subtask, two activities are planned: 

A.1 Definitions: Collect and discuss the definitions applied in literature and the participants’ projects. 

Extract the detailed boundaries and requirements. Discuss their suitability to show interactions. 

A.2 Metrics: Identify measureable key parameters or derive them from the definitions. Discuss their 

suitability to describe the status of Sustainable Energy Systems or the status of the Circular Economy. 

Discuss their suitability to show interactions. 

2.3.2 Subtask B: Integrative modeling 

The mutual influence of the concepts of circular economy and sustainable energy system are not 

limited to theoretical or exemplary aspects. In modeling the circular economy (e.g. life cycle analysis) 

and in modeling the future energy system, the extent to which the other concept is included plays an 

essential role in the robustness of the results. For example, if circularity actually decreases mining or 

industrial production of goods and intermediates, this effects macroeconomic energy consumption. If 

the energy systems decreases its carbon emissions, a product’s life cycle assessment must be adopted. 

Based on the participants' projects, applied and existing models are chosen and it is analyzed to what 

extent both concepts are already integrated and to estimate the effect of this integration. 

In this subtask, two activities are planned: 

B.1 Current level of integration: Collect and discuss the approaches of models applied in literature and 

the participants’ projects to describe circularity or sustainable energy systems. Identify the means and 

the extent to which the models incorporate the other concept. 

B.2 Upgrading models: Discuss how an inclusion can be achieved without great effort (standard values, 

balance sheet sizes, etc.).  

2.3.3 Subtask C: Industrial carbon technologies and systems 

Carbon is the element where the two concepts of circular economy and sustainable energy system 

interact the most. In the sustainable energy system, it is important to avoid fossil carbon emissions 

and to circulate the carbon needed to store energy. In the circular economy, no new fossil carbon 

should be used as a basis for products.  
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Moreover, due to the property of better storage in the form of hydrocarbons and the usability of 

hydrocarbons as a basic material in industry, the interaction of carbon with hydrogen plays a special 

role. This subtask focuses on the industrial technologies and systems to capture, (temporarily) store, 

further process and reuse carbon. 

In this subtask, two activities are planned: 

C.1 Repository of technology factsheets: Elaborate brief factsheets of CCU(S) technologies, including 

technologies for capturing, processing and storing. 

C.2 Application in industrial systems: Based on the participants’ projects, describe exemplary carbon 

pathways within specific industrial systems.  

2.3.4 Subtask D: Industrial Symbiosis 

Companies often focus on their technical core competence. Collecting, processing or re-supplying 

carbon or hydrocarbons are usually not one of the core competencies of those industries most affected 

by CO2 emission mitigation. Industrial symbiosis, i.e. the beneficial integration of third parties and the 

regional cooperation with other companies is part of the so-called industrial symbiosis. 

Industrial symbiosis can make value chains economical. The interaction of the actors means 

advantages, but also a high degree of complexity. This subtask deals with the possibilities of 

cooperation in the area of carbon or hydrocarbons, summarizes the findings (drivers and barriers) for 

industrial symbiosis but also from other areas such as raw material cooperation, waste recycling or 

waste heat utilization. 

In this subtask, three activities are planned: 

D.1 Circular carbon cooperation: Identify synergy potentials of industrial branches, considering their 

mitigation potential, expected mitigation pathways and need for carbon as a resource. Waste heat 

shall be recognized if it is associated with enabling / resulting from circular carbon systems. 

D.2 Reallocation for circularity: Allocation of industry is a multi-dimensional decision. Based on the 

participants’ projects and knowledge, identify those allocation parameters associated with circularity 

in general, circularity of carbon and hydrogen, and sustainable energy use. 

D.3 Complexity: Informational, social, legal, technical and economic barriers make industrial symbiosis 

a complex issue. Based on the participants’ projects and knowledge, identify barriers and discuss 

solutions to overcome them. 

2.3.5 Subtask E: Exchange with other IEA TCPs and IETS Annexes 

This is a broad topic and its scope overlaps with part of the work done in many other IETS annexes as 

well as other IEA TCPs. It is therefore important to develop channels of communication that allow for 

not only exchange of information but also to explore possibilities for carrying out joint actions (for 

instance workshops) that would be of mutual benefit. 

In this subtask, one activity are planned: 

E.1 Establishing collaboration: This task aims to establish collaboration between the proposed annex 

and other annexes in IETS as well as with the Hydrogen TCP, the GHG TCP and the Biomass TCP. The 

first step will be to identify joint activities that can be conducted with minimal extra efforts from the 

parties. This could include participating in each other workshops, disseminating information from each 

other among Annex members, organizing short conference calls, etc. As a second step, it will be 

explored the possibility to carry out a joint activity, for instance, a joint workshop or even a new subtask 

as part of Task 2. 
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3. Administrative matters 

3.1 Results of Task 1 

The results of the Task will be: 

 a synthesis report on joint findings and individual project findings or findings elaborated in the 

subtasks, including   

o detailed clarification of subtask content (to be included in the synthesis report) 

o identification of knowledge gaps and further research needs, potentially leading to 

new subtasks (to be included in the synthesis report)  

o discussion points and key findings in the workshops included in the Task (to be 

included in the synthesis report)  

o a report of the activities conducted with other IETS annexes and or IEA TCPs  

 dissemination activities of each participating country 

3.2 Program Task Plan 

A detailed Task Plan shall be developed & submitted to the ExCo 3 months after the start of the Task.  

With regard to expected Covid-19 restrictions, meetings shall include approx. four online meetings 

during the duration of the Task (as they will be the main method of content definition) and one final 

face-to-face meeting.   

3.3 Dissemination 

General information about the Task will be uploaded on the website of IETS by the IETS secretariat. 

Results from the Task (as listed above) will be available on the IETS website as well as disseminated by 

the Annex Manager, to target stakeholders, based on send lists from participants. 

3.4 Intellectual property rights 

All main results from the Task, including outcomes from workshops, shall be open. Parties participating 

in the Task, however, may decide if a small part of a report shall be confidential. Any uploaded / shared 

material shall mention the original author. Unless otherwise stated and agreed, the author agrees that 

the material may be used and copied without restriction. 

3.5 Duration of Task 

This Task shall enter into force on January 1, 2021 and shall remain in force for a period of one year 

until December 31, 2021. 

3.6 Resources 

Austria has proposed to contribute the funding required for the Annex Manager. The workload for 

managing the Task will be approx. two person-months plus travels.   
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3.7 Obligations and Responsibilities of the Annex Manager 

The Annex Manager shall:  

 organize meetings (telephone meetings, webinars or face-to-face meetings) and workshops in 

accordance with the description in the Task proposal,  

 coordinate the work within the Task (including dissemination actions),  

 be responsible for a synthesis report of the work in the Task,  

 with help of the participants and IETS, identify new participants to the Task. 

3.8 Obligations and Responsibilities of the Participants 

Participants to the Task commit themselves:  

 to contribute actively to the Task with the results from at least one project, already ongoing 

or recently finished in their group or country. The project(s) will count in the person-month 

contribution.   

 to provide their activities on their own costs but may actively strive for the corresponding 

funding of personnel and travel costs.  

 to actively contribute to the work with the synthesis report. 

3.9 Funding and Participation Costs 

Each participating country shall contribute with an amount of work corresponding to one person-

month plus international travel during this year (due to Covid-19 one final task meeting only). This 

includes responsibilities for contributing to the synthesis report. In accordance to the practice in the 

TCP IETS, projects/results that are already financed by the groups/countries and are brought into the 

Annex will count in the person-month contribution.  

The costs for Task Management will be borne by the countries hosting the Task Managers. The Annex 

Manager will be proposed and funded by Austria. The Executive Committee takes the decision to start 

a Task, based on a detailed description on funding, objectives, responsibilities and deliverables 

prepared by the Task Manager.   

3.10 Participating countries 

To be confirmed.  

 Austria 

Canada 

Denmark 

Finland 

France 

Germany 

Italy 

Netherlands  

Norway 

Portugal  

Sweden  
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4. Appendix 

4.1 Potential participants’ response on the subtask contents 

The most noticeable and concrete statements as well as the feedback most clearly determining the 

direction of development were extracted and used to modify the subtasks (see 1.3.4). 

Table 2: Extract of most significant statements from the questionnaire feedback. 

Deep decarbonization, as indicated in the title, is a concept too broad to elaborate in one annex. A 

focus on CCUS is appropriate. 

The technological and economic comparison of CCUS technologies and their influence on existing 

processes is interesting. 

Which are best practice technologies and how can they be selected? 

Energy storage and raw material supply are important aspects of the carbon cycle. 

The expansion of a CO2-neutral energy system requires many raw materials. 

The synergies between carbon and hydrogen are the most pressing issue. 

For the use of carbon, it is also decisive whether the hydrogen is provided on the industrial site or 

externally. 

Carbon has to be stored in the short, medium or long term. 

It must be clearly delineated what the system boundaries are, e.g. fossil CO2, CO2 that is already in 

the atmosphere or is incorporated in the built environment, biomass, et cetera 

The industrial symbiosis is a concept that goes far beyond carbon and hydrogen, especially the use 

of residual materials is relevant here, and especially in non-energetic resources. 

The arrangement and rearrangement of industrial parks can be an essential part of industrial 

symbiosis (policies). 

The proposed sub-task 1 is very general and difficult to work on. 

In order to make the mutual influence measurable, an explicit subtask is needed on the 

measurability (“metrics”) of circular economy and sustainable energy use in the context of industrial 

processes. 

Policies for decarbonizing the energy system and decarbonizing through a circular economy should 

be considered and compared. 

At a certain system limit, closing the carbon cycle has a global dimension. In the concept of circular 

economy, this also applies to other raw materials (scrap metal, ...) 

The modeling of industrial energy systems is complex due to uncertainties of the extent / effects of 

an increased circular economy. 
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4.2 Workshop responses and feedback 

The most noticeable statements determining the direction of development of the annex and its 

subtasks were extracted and used to modify the content of the subtasks (see the final results in 2.3). 

Table 3: Extract of most significant statements from the workshop. 

Target a system approach. 

System modelling is relevant to be discussed in this interacting framework. 

What is the CO2 looked at (no new fossil CO2, CO2 already released to atmosphere, biomass, built 

environment …).  

Carbon negativity, i.e. including CCS, is an element to achieve the 1.5° Paris agreement. 

How to balance, e.g. carbon negativity, in accounting? 

What is the time horizon (as this certainly effects sustainability pathways)? 

Extra energy for capturing CO2 

Integration of stakeholders (make scenarios from roadmaps) 

Subtask 2 [author’s note: Subtask C in this proposal] should not be limited to technologies but to 

(industrial) systems, in order to allow a holistic approach. 

CCU is too little, it should be CCUS: “only with S, it becomes circular”; with regard to overlaps with 

other IEA TCPs, it should be okay to look at CCUS from the industrial perspective. 

In order to provide an outcome for industries that want to install carbon capture technologies, the 

annex can stress on utilization. 

Technology mapping (e.g. low TRL enablers for CCUS) might be useful (“transformation” 

technologies, additional processes characteristics, detailed enough, but not too detailed - working 

with graphics, fuel the understanding of system requirements, not static technology descriptions, 

how technologies come together to realize industrial decarbonization, etc.). 

Best practice cases to be shown. 

Industrial symbiosis has a local dimension and a physical interrelation 

Excess heat, waste to chemicals are also elements of industrial symbiosis. 

Redesign of value chains to achieve a circular economy and a sustainable energy system.  

There are interactions also with other IETS annexes, not only with other IEA TCPs. Subtask 4 [author’s 

note: Subtask E in this proposal] is definitely needed. 

 

 

 


