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EXCECUTIVE SUMMARY 
This final report summarizes the work carried out in and the results of subtask #1 of IEA IETS Task 21 
Decarbonizing Industrial Systems in a Circular Economy Framework. The Task officially started on 
February 1st, 2021 and lasted until May 2022. The Task contained five Activities: A) Definitions and 
Methods, B) Modelling, C) Circular Carbon Technologies and Systems, D) Industrial Symbiosis, E) 
Networking (inter-Tasks, inter-TCP). 

Approx. 30 organizations participated in the Activities and/or workshops that were conducted 
throughout subtask #1: Three interactive workshops were held online, each focusing on selected 
Activities. In the meantime, questionnaires were sent for detailed investigation of certain topics. In 
parallel, Activity leaders supported dissemination and networking. 

Activity A focused on definitions of concepts related to the Task. Surveys on keywords and definitions 
were conducted. A focus was on the concepts of Circular Economy and Sustainable Energy System and 
their overlaps, interactions or contradictions. The results showed that the connection of Circular 
Economy and Sustainable Energy System with Circular Carbon is not prevalent. Furthermore, standard 
definitions are missing for Industrial Decarbonization, Circular Carbon and Carbon Neutrality. 

Activity B dealt with modelling aspects of circular carbon. A total of twelve models were submitted 
from the participating organizations, of which four referred to energy system models, three to LCA 
models. Regarding the challenges of integrating circular carbon into LCA, scope/allocation is the main 
issue. Here, Task participants disagreed whether circular carbon can only happen in a narrow circle, 
limiting the concept to Carbon Capture and Utilization, or if the cycle from fossil feedstock to long-term 
underground storage is also sufficient. 

Activity C set up a model to visualize industrial carbon flows to identify the potential for 
decarbonization and carbon loops within the industrial systems. State-of-the-art carbon flows were 
described for cement production. The considered all carbon-containing streams; elaboration should be 
continued for product streams in branches such as in paper, polymers, fertilizer, etc.  

Activity D focused on identifying opportunities and challenges in conjunction with cooperative 
measures by industry, preliminarily investigating the area of carbon and hydrocarbons. The Task-
participants named five national and EU projects, five organizations and one conference related to this. 
Future elaborations may put a focus on specific opportunities in regard to circular carbon industrial 
symbiosis and good practice examples. 

Activity E recognizes that Circular Carbon is a broad topic and its scope overlaps with part of the work 
done in many other IETS Tasks as well as other IEA TCPs. Aiming at establishing a network, exchange 
with other TCPs and IETS Tasks was organized and cooperation with the ETSAP TCP was found.  

Circular Carbon opens up a very broad area of interest. In order to bundle forces more efficiently, 
future elaborations shall be focused in two new Subtasks Circular Carbon and Industrial Symbiosis.  
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INTRODUCTION 
The proposal for this Task was developed by Energieinstitut an der Johannes Kepler Universität Linz, 
supported by Klima- und Energiefonds in Austria, and was approved by the IETS ExCo in January 2021. 

This Task aims 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. 
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. 

 

This Task aims to investigate the topic of Circular Carbon from an industry perspective. 

The general objectives of Task 21 are: 

• to develop the Task 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 
Task members 

• to broaden awareness and knowledge regarding the system impacts 
• to facilitate international meetings to share experiences, methodologies and project findings 

among Task participants. 

The specific objectives of Subtask 1 of Task 21 are: 

• to provide preliminary results within the activities outlined below and 
• to clearer specify the questions and methods to answer them in the second period with 

new/updated subtasks and activities, and 
• to identify white spots to be included in a second period with new/updated subtasks. 

The five Activities within Subtask 1 of Task 21 were the following: 

• Activity A: Definition and metrics 
• Activity B: Integrative modeling 
• Activity C: Industrial carbon technologies and systems 
• Activity D: Industrial Symbiosis 
• Activity E: Exchange with other IEA TCPs and IETS Tasks 

 
The following section presents the work done in Subtask 1 of Task 21 by describing the objectives, 
methods and achieved findings; the subsections first focus the general task work and then individually 
address the work and findings from the Activities. Then, conclusions and recommendations are drawn, 
before the report ends with basic Task 21 or Subtask 1 information. 
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FINDINGS 
This section differentiates between the general task work, which is the formal process of the joint task 
work and its outcomes, and the elaboration of the Activities, which were jointly defined by potential 
task participants in the preceding task definition phase. 

• General task work: general methodology applied to jointly work through the Activities, 
description of the formal Task process, findings from the formal Task process. 

• Activities A-E: methods, findings and implications from the topic-specific joint work. 

General task work 
In this section, the method/process chosen for the first year of work approved by the IETS ExCo, called 
subtask #1, which includes the five Activities described above, is explained. This can also be regarded 
as a background methodology/process for the findings of the individual Activities as explained in the 
subsequent sections. 

Moreover, this section elaborates on potential future updated/new subtasks and activities in Task 21. 

General Task work methodology  
The kickoff meeting for Task 21 took place on April 28, 2021; around 25 people took part. Those 
organizations that turned out to be potential participants in the definition phase were able to find out 
about the planned work program. The participants were also able to present their main areas of work 
and projects to the other participants.  

Task leader Simon Moser outlined the planned activities in the course of the first task phase (subtask #1), 
which was to be completed in 2021. The core of the cooperation was formed by three interactive 
workshops with the participating groups. In these workshops, the focal points defined in the five 
Activities were to be discussed and deepened. 

Intermediate questionnaires and interviews should support the Activity leaders’ work in developing 
the content and the methods to be further discussed.  

Finally, there has been individual contact to the groups and participants with regard to continuation of 
the Task 21 in another period with new/updated subtasks. 

Process description  
The first of the interactive workshops took place on June 23, 2021, with around 30 people. The focus 
was on Activity A (definitions). The tool Slido was used for voting among the participants and 
interesting insights were gained. In previous months, Energieinstitut made a survey (with more than 70 
respondents from Task 21 participants and other experts) that asked for Sustainable Energy System and 
Circular Economy keywords to see if/how they overlap. For the other Activities, the method envisaged 
for the subsequent work and surveys was discussed. For Activity B (modelling), the basis for further 
cooperation and collection of the models was laid using an interactive Miro Board. 

The second interactive workshop with 25 participants took place on September 27, 2021. FfE presented 
a summary of a study on the interactions between a sustainable energy system and the circular economy. 
As in the first workshop, further inputs and opinions were asked using the Slido tool. For WIVA P&G-
led Activity E, speakers were sought for a potential cross-task and cross-TCP workshop. Another focus 
of the workshop was Activity D on Industrial Symbiosis. Findings on definitions from the EU project 
CORALIS were shared by Energieinstitut and potential future focal points for development in the 
upcoming subtasks of Task 21 were determined. A potential focus on working together on the topic of 
business models for industrial symbiosis in future Subtasks was proposed and discussed. 
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The final third interactive workshop took place on December 13, 2021 with 15 participants. Prior to this, 
it was discussed which priorities could be set in the next Subtasks of Task 21. For Activity B, 
possibilities for summarizing the spectrum of models in a publishable paper were identified. A 
central question of the workshop was therefore whether “circular carbon” is completely limited to CCU 
or whether it also includes the biomass cycle or, ultimately, CCS. Then, existing/expected CO2 cycles 
in the cement industry were presented by Activity C, led by ENEA and supported by BOKU. This was 
intended to determine the extent of decarbonization that is practically possible. 

Findings for updated/new subtasks 
At the end of 2021, and thus towards the end of the first period, it became obvious that the Activities 
are, on the one hand, broad and attract many participants/groups, but are, on the other hand, too broad 
to allow for concrete joint elaboration and exchange from projects. 

In order to narrow down the activities with regard to contents and methods, also at the risk of losing 
groups/participants involved in Task 21, the Task management contacted all groups/participants asking 
for their interests and projects they can associate with potential activities. They were also free to propose 
own activities. In the following, only activities are mentioned that received interest from at least 3 
participants/groups. These potential subtasks and activities of period #2 are: 

 

• Subtask: Circular Carbon 
o LCA and Energy System modelling 
o Integration of carbon capture in industry 
o Networking with other IETS Tasks and other TCPs’ Tasks (e.g., ETSAP) 

 

• Subtask: Industrial Symbiosis 
o Definition and delimitation 
o Good practice examples 
o Business Models 
o Networking with other IETS Tasks and other TCPs’ Tasks (e.g., IETS Task 11) 
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Activity A: Definitions 
Activity A focuses on definitions of concepts related to IEA IETS-21. With the objective to get more 
detailed insights in the definitions of the topics Circular Economy, Sustainable Energy System, Circular 
Carbon, Carbon Neutrality, CCU, CCS, Industrial Symbiosis and Industrial Decarbonization a 
bibliographic analysis, as well as a survey on keywords and a survey on definitions has been conducted 
within Activity A. In the following sections the respective method as well as the findings are described 
in more details. A special focus is laid on the concepts of Circular Economy and Sustainable Energy 
System and their overlaps, interactions or contractions.  

Bibliographic Analysis 
A bibliographic analysis of the different concepts is conducted with the aim to see how many articles 
are available on each of the topics and these topics are related to each other in the existing literature.  

Method 

For the bibliographic analysis the literature database ScienceDirect was used. The search was limited to 
English literature and the publication years 2015 to 2020 in order to obtain a completed time period. It 
was searched with Boolean operators for the concepts Circular Economy, Sustainable Energy System, 
Circular Carbon, Carbon Neutrality, CCU, CCS, Industrial Symbiosis and Industrial Decarbonization 
and the respective synonyms and related keywords per concept. In addition, each topic was searched in 
combination with each other topics. The search string for the bibliographic analysis is shown in Table 
1. It was searched on three different search levels: i) in the title, ii) in the title, abstract and the author-
specified keywords and iii) in all parts of the articles (excluding the reference section).1 

“circular economy” 

A
N

D
 

 

“sustainable energy system” OR “renewable energy system” OR “climate neutral energy system” 
“circular carbon” OR “carbon circularity” 
“carbon neutrality” OR “climate neutrality” 
“CCU” OR “carbon capture and utilization” OR “carbon capture and utilisation” 
“CCS” OR “carbon capture and storage” 
“industrial symbiosis” 
“industrial decarbonization” OR “industrial decarbonisation” OR “decarbonization of industry” OR 
“decarbonisation of industry” 

Table 1: Search string for the bibliographic analysis 
Source: Energieinstitut an der JKU Linz 

Findings 

The results of the bibliographic analysis show how the different topics and concepts are related to each 
other. When looking at the topics separately, it becomes obvious that the most hits are for the topics 
Circular Economy, CCS and Sustainable Energy System. In contrast, the topics Circular Carbon (which 
we consider a rather newly created buzzword) and Industrial Decarbonization (which we expect to be 
seldom used in this full writing, e.g., potentially only decarbonization is used in an article about industry) 
received the fewest hits at all the three search levels.  

When looking at the results of the relations of the individual concepts, the search that only includes the 
title yields very few results. There are only a few results for some combinations and for some 
combinations there are even no results when it is only searched within the tile of the articles. Therefore, 
the focus for the results is on the search applied with the other two search levels. Figure 1 shows the 

 

1 https://service.elsevier.com/app/answers/detail/a_id/25974/supporthub/sciencedirect/ 
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combinations of the different topics that resulted for the search in the title, abstract or keywords and 
Figure 2 the same for the search in all parts of the articles (excluding the reference section). In the 
graphs, also the hits per single concept are shown. Both results show that there is a strong relationship 
between CCU and CCS, which in this case was expected as they are often addressed together. 
Furthermore, a lot of articles seem to deal with the topics Circular Economy and Industrial Symbiosis. 
As it can be seen in Figure 1, there also exist thematic overlaps for the other topics, but those are not 
that prominent as it is the case for Circular Economy and Industrial Symbiosis, as well as for CCS and 
CCU. When all parts of the articles are included, the results look similar, with some relations becoming 
more clearly. Furthermore, the topic of Industrial Decarbonization has relatively few hits and 
combinations compared to some of the other concepts.  

 

 

Survey on Keywords 
In addition to the bibliographic analysis a survey on keywords was conducted with the aim to get more 
information about the possible overlaps, synergies or contradictions between the concepts, especially 
regarding Circular Economy and Sustainable Energy System. In the following subsection, the 
methodology and the main findings of this survey are described. The survey aims at giving an impression 
about the keywords associated with the concepts and the possible relations.  

Method 

The survey was sent out to IEA IETS-21 partners and experts in the fields related. It included some 
demographic questions, such as the respondents’ country of residence, affiliation and professional 
background. Furthermore, the respondents are asked to rank whether the questioned topic is in their 
focus of work or expertise from 0-10 (0 = “not at all”, 10 = “absolutely”) for the topics (Sustainable) 
Energy System, Circular Economy, Carbon Capture, Industrial Symbiosis and Industrial 
Decarbonization. The last part of the survey then addresses the keywords for the different concepts. The 
respondents are asked to give 5 to 10 keywords on Circular Economy and Sustainable Energy System, 
as well as (optional) for Industrial Symbiosis, CCU, CCS and Industrial Decarbonization. The given 
keywords were then analyzed and summed up into categories following an intuitive approach, whereby 
specially the relationship between the concepts of Circular Economy and Sustainable Energy Systems 
is analyzed. 

Figure 2: Number of results for different topic 
combinations including the title, abstract and 
keywords from articles 
Source: Energieinstitut an der JKU Linz 

Figure 1: Number of results for different topic 
combinations including all parts of the article, 
excluding the references 
Source: Energieinstitut an der JKU Linz 



 DECARBONIZING INDUSTRIAL SYSTEMS IN A CIRCULAR ECONOMY FRAMEWORK 

 IETS, Industrial Energy-Related Technologies and Systems 10 

 

Findings 

72 people answered the survey on keywords, whereby regarding the background of the respondents 59 
of them are from research, academia or consulting. When looking at the results of the respondents’ 
assessment of their field of work and expertise, the answers differ for the different topics. The majority 
of people who answered the survey are experts in the field of Sustainable Energy Systems according to 
their own assessment, with 33 out of 72 respondents chose number 10 and only 9 people chose a lower 
number than 6. The outcome is also similar, but not that extreme for the topic of Industrial 
Decarbonization. For the topic of Circular Economy more than half of the respondents answered with 
a number higher than 6, whereby 15 people assessed the topic of Circular Economy absolutely in their 
field of work or expertise, choosing a 10. For the topics Industrial Symbiosis and Carbon Capture the 
answers on the field of work or expertise of the respondents are more distributed from 0 to 10.  

In total there are 1929 keywords from 72 respondents. With the objective to find out more about the 
relationship between the concepts Circular Economy and Sustainable Energy Systems, the keyword-
groups that are associated very often with each of the two concepts are chosen and it is evaluated how 
often keywords that are part of these keyword-groups are mentioned in the other respective concepts. 
Therefore, on the one hand with regard to the concept of Circular Economy, keywords that concern 
resources, resource efficiency, resource depletion and so on are summed up as the keyword-group 
“RESOURCE”. On the other hand, for the concept of Sustainable Energy Systems, keywords that are 
related to renewable energy, renewable energy sources, sustainable energy and energy efficiency are 
summed up as the keyword-group “ENERGY”. Figure 3 shows how often any keyword related to those 
two keyword-groups was mentioned per concept. As expected, the keyword-group “RESOURCE” was 
mentioned the most often for the keywords on Circular Economy, with 26 indications and the keyword-
group “ENERGY” was mentioned the most often for the concept of Sustainable Energy Systems, with 
even 108 indications. When looking at the indications between the two concepts and the keyword-groups 
the other way around, it can be seen that keywords from the keyword-group “RESOURCE” are only 
mentioned 6 times for Sustainable Energy Systems and the keyword-group “ENERGY” is mentioned 
13 times for Circular Economy. Furthermore, Figure 3 also shows how often any keyword assigned to 
the two keyword groups are mentioned for the other concepts. The background of the respondents, as 
described in the paragraph above, shall be considered when interpreting the results. 

 

Figure 3: Mentions of keywords assigned to the keyword-groups “RESOURCE” and “ENERGY” 
per topic 
Source: Energieinstitut an der JKU Linz 
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With regard to circular carbon that was assumed to be one starting points for the connections between 
the concepts Circular Economy and Sustainable Energy Systems, the results show that it is not directly 
associated by the respondents with the two concepts, as it is only mentioned once as a keyword for 
Sustainable Energy Systems and never for Circular Economy.  

After the results of the survey on keywords were analyzed, they were also discussed and validated in 
the first IEA IETS-21 hands-on workshop held online on June 23, 2021. 

Survey on Definitions 
In a next step, there a survey on definitions for the different concepts was conducted. The aim was to 
find out which definitions are well-known and used by experts.  

Method 

IEA IETS-21 partners were asked by email for definitions on the concepts Circularity/Circular 
Economy; Sustainable Energy System/Fossil-Free Energy System; Carbon Circularity/Circular 
Carbon; Carbon Neutrality/Net-Zero; CCU; CCS; Industrial Symbiosis and Industrial 
Decarbonization. The respondents were asked (i) whether there is a legal definition in their country, (ii) 
definitions that they consider as well-known or established, i.e., the “standard definition”, (iii) 
definitions they used or would use in their research or project and (iv) how they would define the 
concepts in own words. In addition, some respondents gave definitions from external literature. The 
survey was sent out to 67 people.  

Findings 

From 67 people who received the survey by email, only 9 answered. Therefore, it is not possible to make 
a properly scientific statement regarding the results. Nevertheless, in this section, some of the findings 
are described indicatively. It has to be pointed out that not all answers and definitions are described in 
detail in this section, but some of the most interesting indicative results.  

In the survey it became obvious that for Circular Economy different definitions from the Ellen 
MacArthur Foundation2, as well as from the European Parliament are seen as standard definitions. Two 
respondents also gave the following definition from the European Parliament as standard definition: 
“The circular economy is a model of production and consumption, which involves sharing, leasing, 
reusing, repairing, refurbishing and recycling existing materials and products as long as possible. In 
this way, the life cycle of products is extended. In practice, it implies reducing waste to a minimum. 
When a product reaches the end of its life, its materials are kept within the economy wherever possible. 
These can be productively used again and again, thereby creating further value.” 

Regarding the standard definitions of Sustainable Energy System, the definitions from Lund et al. (2014) 
and Kaltschmitt and Streicher (2009) were mentioned, which focus on regenerative and renewable 
energy sources. Consequently, those definitions perceived to be the “standard definitions” for the 
concepts of Circular Economy and Sustainable Energy System do not have a direct overlap.  

Furthermore, the survey showed that there is no well-established or standard definition seen for 
Industrial Decarbonization, Circular Carbon and Carbon Neutrality. Regarding the legal definitions 
in their countries, the respondents gave no legal definition for the concepts of Circular Carbon, Carbon 
Neutrality, CCU, Industrial Symbiosis and Industrial Decarbonization. For Circular Economy a legal 
definition from the Regulation (EU) 2020/852 of the European Parliament and of the Council3 was 

 
2 https://ellenmacarthurfoundation.org/  
3 Article 2 (9) Regulation (EU) 2020/852 of the European Parliament and of the Council of 18 June 2020 on the 
establishment of a framework to facilitate sustainable investment, and amending Regulation (EU) 2019/2088 
(https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0852&from=EN).  

http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI%282016%29573899_EN.pdf
https://ellenmacarthurfoundation.org/
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0852&from=EN
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mentioned. For the concept Sustainable Energy System, the only legal definition given is part of the 
Austrian Federal law on the establishment of the Climate and Energy Fund 4. Moreover, there is a legal 
definition on CCS from the CCS Directive5. 

Implications 
The bibliographic analysis showed the relationship between the concepts Circular Economy, 
Sustainable Energy System, Circular Carbon, Carbon Neutrality, CCU, CCS, Industrial Symbiosis and 
Industrial Decarbonization in the literature. The survey for keywords as well as the survey for 
definitions represent how these concepts and their relations are perceived by the IEA IETS-21 partners. 

The results showed that the relationships are sometimes not that obvious and especially, the connection 
between the concepts Circular Economy and Sustainable Energy System, is often not clear, and their 
connection with Circular Carbon is not prevalent by the respondents of the surveys. Therefore, it 
would be interesting to analyze this connection in more detail and build awareness in this context.  

In addition, the results of the survey for definitions showed that for Industrial Decarbonization, Circular 
Carbon and Carbon Neutrality standard definitions are missing. This result also goes hand in hand with 
the fact that especially for Circular Carbon and Industrial Decarbonization, there were relatively few 
hits in the bibliographic analysis compared to the other concepts. 

  

 
4 https://www.ris.bka.gv.at/GeltendeFassung/Bundesnormen/20005371/KLI.EN-
FondsG%2c%20Fassung%20vom%2024.02.2022.pdf  
5 Recital 4 Directive 2009/31/EC of the European Parliament and of the Council of 23 April 2009 on the 
geological storage of carbon dioxide and amending Council Directive 85/337/EEC, European Parliament and 
Council Directives 2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC, 2008/1/EC and Regulation (EC) No 
1013/2006. 

https://www.ris.bka.gv.at/GeltendeFassung/Bundesnormen/20005371/KLI.EN-FondsG%2c%20Fassung%20vom%2024.02.2022.pdf
https://www.ris.bka.gv.at/GeltendeFassung/Bundesnormen/20005371/KLI.EN-FondsG%2c%20Fassung%20vom%2024.02.2022.pdf


 DECARBONIZING INDUSTRIAL SYSTEMS IN A CIRCULAR ECONOMY FRAMEWORK 

 IETS, Industrial Energy-Related Technologies and Systems 13 

 

Activity B: Modelling 
Activity B deals with modelling aspects of circular carbon. Particular attention is paid to the model types 
for which the integration of circular carbon is of particular relevance. Furthermore, it is discussed which 
future adaptation options will enable or improve this integration. In the following, the model types used 
within the IEA IETS 21 are illustrated and the challenge of integration is presented using the example 
of Life Cycle Assessment (LCA) modelling. 

Model Types 
With the steadily increasing integration of the circular economy combined with the need to reduce 
greenhouse gas emissions, the concept of circular carbon is becoming increasingly relevant. 
Consequently, circular carbon must be included in scientific and industrial models. In the course of the 
work of Activity B, the question was first addressed for which types of models circular carbon is 
relevant. The partners of the IEA IETS-21 were asked in which of their models circular carbon is already 
considered, and in which form it is integrated. A total of 12 models were submitted. Within the 
workshop, the submissions were presented and discussed. Figure 4 shows the most important models 
mentioned. 

 
Figure 4: Model types of the IEA IETS-21 partners addressing the topic of circular carbon; LCA, industrial 
process and energy system modelling are used for further considerations 

Among the submitted model descriptions, four of them referred to energy system models, three to LCA 
models and one to an industrial model. All others contained partial aspects of the three model types 
mentioned. Subsequently, these three types were selected for further consideration. The challenges and 
possibilities for implementation of circular carbon in these model types will be elaborated on in a 
discussion paper. As of April 2022, the paper has not yet been completed. Due to the further progress 
made so far in the field of LCA, the challenges of this model type are now presented below. 

Challenges of Circular Carbon in Modelling: The Example of LCA 
The challenge of integrating circular carbon into the models of the IEA IETS 21 partners relates mainly 
to the system boundaries and possible distinctions between biogenic, fossil or geogenic/mineral 
CO2. With regard to system boundaries, the question arises at which point the system of observation 
begins and ends. The boundaries can vary from large systems including the whole carbon cycle from 
fossil resources in the ground until carbon capture and storage (CCS) to small systems considering CO2 
as the input stream and the product as the output stream. When differentiating between biogenic, 
geogenic/mineral  or fossil CO2, the questions arise as to how high the emissions to be taken into account 
are and to whom they are attributed to. Ultimately, both points converge on the question of CO2 
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allocation, which is directly connected to the scope and goal of the LCA as well as the system 
boundaries as already mentioned. Allocation, in turn, is a topic that is already addressed in the LCA 
standard DIN EN ISO 14040/14044. 

In Figure 5, the question of allocation is taken up using the example of synthetic fuels. Here it becomes 
apparent that it is not clear whether the carbon source or the application of the synthetic fuel should be 
credited with the CO2 savings. In a survey among the task participants, 14.4 % would allocate the credit 
to the carbon source. Both the option of allocating it to the application and splitting it 50/50 to both sides 
were in favor of 42.8 % of the participants. 

 
Figure 5: Challenge of CO2 allocation in circular carbon illustrated with the example of synthetic fuel used 
in the transport sector 

Similar discrepancies become apparent when looking at the literature. In the course of the work in the 
task, a literature review was conducted that analyzed 14 exemplary studies in detail and focused in 
particular on the allocation of CO2 emissions from biogenic as well as fossil sources. 

The in-depth analysis of the studied LCA papers showed that most of the papers allocated the CO2 
credits to the applications, the scope of the studies differs, cradle-to-gate analyses are found as well 
as gate-to-gate. Although most of the studies showed that carbon is obtained through capturing processes 
from power plants, those studies treated the captured carbon as negative emissions which are allocated 
to the considered application. Hence, from those studies’ perspective, the power plants from which the 
carbon was captured do not receive any credits for the capturing process. In most cases, the studies 
analyze the products and not the overall systems. As a result, the choice to give the CO2 credit to the 
product is comprehensible. On the other hand, there are also two studies who have allocated the carbon 
credits to other than the application itself. Thus, even if most studies assume an allocation to the 
product, the process to which CO2 is to be allocated remains open. 

At this point, the perspective on the allocation question from the side of the other model types remains 
to be seen. The energy system analysis in particular takes a higher-level approach and thus complements 
the LCA perspective well. 

Implications 
As the discussion paper has not yet been finalized, no general implications can be derived at the time of 
April 2022. Regarding the challenges of integrating circular carbon into LCA, allocation – in connection 
with the scope of LCA – is the main issue. Transparent LCAs allow a good classification of the decision 
of the respective credit. However, the LCA perspective focusing on products also needs to be 
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complemented with other analyses, such as energy system analysis. Furthermore, the goal and scope of 
CCUS LCAs has to be further discussed, as from a circularity perspective, the scope of many LCAs is 
likely to be too narrow to give full insight on the real environmental impact of (alternative) 
processes/products. 

Furthermore, the understanding of “circular carbon” differs a lot. Some IETS-21 participants/groups 
consider a very narrow definition in terms of geographic and time boundaries, focusing mainly on 
biogenic CO2. Others consider way more extended boundaries from a geographic but especially time 
perspective, which includes for example CO2 based on fossil fuels that is stored underground via CCS. 
Further complexity is added to this discussion, when not only the CO2 levels in the atmosphere but also 
impacts (environmental, economic, social) and depletability of natural resources are accounted for. 

Activity B has benefited enormously from the exchange with the IEA-ETSAP group. This needs to be 
further strengthened at this point.  
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Activity C: Circular Carbon Technologies and Systems 
Activity C assessed industrial carbon flows to identify potential for decarbonization and carbon loops 
within the industrial systems. State-of-the-art carbon flows were described for major industries such as 
iron/steel and cement production. The considered carbon-containing streams comprise fossil energy 
carriers such as coal, oil and gas but also biomass and carbon in product streams such as in paper, 
polymers or fertilizer. Additionally, indirect CO2 equivalent emissions are considered for the feed 
stream. The carbon balances are presented in the form of Sankey diagrams and were discussed by 
participants in terms of reducing fossil carbon inputs to processes and the potential for internal carbon 
looping. 

Method 
Carbon balances were set up for typical process configurations in iron and steel and in cement production 
without and with CO2 capture technology considered. 

Systems description: mass and energy balances 
The mass and energy balances were built for three plant configurations: a conventional cement plant; a 
cement plant retrofitted with tail-end Calcium-Looping (CaL) and a cement plant retrofitted by 
integrating CaL into the clinker production. The three case studies described in more detail in the 
following three subsections were modelled by adopting the commercial software ASPEN Plus v10.0. 
The main process units of the three systems, the clinker kiln, the CaL system, the CO2 compressors and 
the steam Rankine cycle were modelled with one or more Aspen Plus blocks. The reactions occurring 
in the clinker kiln calciner and rotatory kiln, and in the CaL carbonator and calciner were modelled with 
standard models based on minimization of the Gibbs energy. The cyclones of the preheating tower and 
the CaL were modelled with fixed solid separation efficiencies. Power consumption for the CO2 
compression were obtained considering two multi-stage inter-refrigerated compressors. Power 
production was modelled considering a simple steam Rankine cycle composed by a pump, a steam 
generator, a condenser and a single turbine. 

Conventional  
The cement production characteristics of the benchmark system was based on the Best Available 
Technique (BAT) standard reported in the European BREF document for the manufacture of cement 
(Schorcht et al., 2013). In the state-of-the-art cement plant limestone is first ground with clay and other 
minor components to form a blend with suitable composition, called raw meal.  

This minerals mix is then fed to the clinker kiln where clinker is produced. According to the BAT, the 
reference clinker kiln is further composed by a preheater, a calciner, a rotatory kiln and a clinker cooler. 
In the preheater the raw meal is heated to approximately 900 °C in a series of 5 vertical cyclones where 
hot kiln exhaust gases are recirculated.  

At the bottom of the preheater, in the calciner, almost all the limestone, around 94 % (De Lena et al., 
2017), is calcinated to form lime, releasing CO2. The pre-calcined meal is then heated in the rotatory 
kiln to reach a sintering temperature, around 1450 °C, forming clinker. In this process unit the 
calcination is completed, and the calcium oxide reacts with silica, alumina, and iron oxides, to form: (i) 
dicalcium silicate or belite (Ca2SiO4, and symbolic notation in cement chemistry: C2S); (ii) tricalcium 
aluminate (Ca3Al2O6,  symbolic notation in cement chemistry: C3A); (iii) tetracalcium alumino-ferrite 
(Ca4Al2Fe2O10, symbolic notation in cement chemistry: C4AF); (iv) tricalcium silicate or alite (Ca3SiO5, 
symbolic notation in cement chemistry: C3S) (Atsonios et al., 2015). The heat required in the calciner 
and rotatory kiln to heat the minerals and to carry out the reactions is usually obtained with the 
combustion of fossil fuels (normally coal). At the rotary kiln outlet, the clinker is rapidly cooled down 
by venting ambient air, that is consequently heated and then recovered to be used for coal combustion. 
As a final step, the cooled clinker is mixed with gypsum and other correctives and ground into a powder, 
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to produce Portland cement. The flue gases exiting the preheater are often used to supply heat to the raw 
meal mill and are finally released into atmosphere. 

In this study mass and energy balances were built for a typical clinker kiln producing 2825 tclinker/day, a 
clinker-cement ratio of 0.737, and a raw meal-clinker ration 1.55. The estimated energy consumption 
results to be of 121 kgcoal/tclinker and 132 kWhel/tclinker. 

Findings 
The analysis of state-of-the-art coal-fired cement production in Figure 6 shows that roughly 60 % of the 
700 kg total CO2 emissions per tonne of cement product stem from limestone while the rest is associated 
to process energy supply. On a long-term, the lime-stone associated part of the emissions can be 
recovered along with weathering of concrete. Diverging opinions were raised in connection to the 
timeframe and extent to which this re-absorption of CO2 happens. According to Xi et al. (2016) who 
look at a cumulative period of 80 years, about 45 % of the limestone-based CO2 emissions are recovered 
through weathering after that period. This figure leaves the energy-based emissions aside. Within the 
time-frames given for climate change mitigation action, the natural weathering of already existing 
concrete structures may deliver negative emissions in a certain extent. The emissions associated with 
the current production of new concrete, however, need to be seen as major emission source with the 
need for decarbonization action. 

 
Figure 6: Sankey diagram of carbon flow in conventional cement production. 

Therefore, a post-combustion CO2 capture process based on state-of-the-art monoethanolamine (MEA) 
scrubbing was assumed in combination with the cement plant (Figure 7). The capture rate is – in line 
with most studies – 90 %. Without further process integration, it was assumed to use natural gas for the 
heat provision to the reboiler of the capture plant. We see that for such a concept with the potential for 
decarbonization, the associated indirect CO2 emissions double from 73 to 150 kg CO2/tonne cement, 
mainly because of the additional procurement-associated emissions for natural gas and electric energy 
needed in the capture process. Roughly 700 kg CO2/tonne cement are provided as concentrated stream 
for utilization or storage and the total immediate emissions are reduced from 700 kg CO2/tonne cement 
to 230 kg/t. If the captured CO2 is effectively removed from the carbon cycle by, e.g., permanent 
geological storage, such a scenario would allow for consideration of concrete as CO2 neutral from a life 
cycle perspective including the re-absorption of CO2 from the atmosphere through the weathering 
process over a period of 50-100 years. 
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Figure 7: Sankey diagram of carbon flow in largely decarbonized cement production using 
monoethanolamine (MEA) scrubbing with natural gas-fired regeneration. 

Implications 
With respect to the goal of attaining carbon circularity in industries, a relevant outcome of the 
considerations in Activity C is to get a quantitative image of the dimensions of the challenge. The 
discussion about use cases for the obtained CO2 stream should base upon these numbers. It was also 
made clear that energy input to processes currently comes with considerable CO2 emissions, both direct 
and indirect. Therefore, energy demand is a crucial parameter for the assessment CO2 utilization routes 
within industries. The proposed methodology of making the carbon flows visible and assessing 
technological options from a high-level perspective but clearly quantifying energy- and resource-
efficiencies promises to be efficient for the onward assessment of circular carbon and industrial 
symbiosis considerations. 
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Activity D: Industrial Symbiosis 
The Activity’s focus was on identifying opportunities and challenges in conjunction with cooperative 
measures by industry, preliminarily investigating the area of carbon and hydrocarbons. In the 
stereotypical conventional linear economy, companies – including the ones depending on fossil 
resources – focus on their core business. Considering the transition to a circular, carbon-neutral economy 
however, implies to identify new carbon and hydrocarbon sources, sinks and value chains. 

Thus, this Activity contained three subactivities which aim to detail the potential joint work in further 
IETS Task 21 subtasks, eliminate those without synergies, and identify/add subactivities that show 
potential for synergies and networking among Task 21 partners. 

• D1. Circular Carbon Cooperation: Synergy potentials of industrial branches were identified - 
this subactivity was closely linked to Activity C: Circular Carbon Technologies and Systems.  

• D2. Reallocation for Circularity: When companies decide on a location for a new site, various 
aspects are considered in order to identify the best available option in regard to resources, 
energy, employees, distribution and so forth. Industrial symbiosis and circular economy 
incentives can support this process. 

• D3. Complexity: Industrial symbiosis development can be challenging as involved parties have 
to think outside the box, in order to identify opportunities, potential partners and develop joint 
solutions. Due to the innovative character of these solutions, this process is commonly 
connected to knowledge, technical, regulatory and social barriers. 

Method 
The Activity was presented to the participants in the kick-off meeting as well as the first (and third) 
hands-on workshop, followed by interactive discussions in the second hands-on workshop based on a 
live survey via www.slido.com. During and after the meetings/workshops, participants were asked to 
share information on their ongoing projects that are relevant in regard to industrials symbiosis and 
circular carbon. In addition, literature analyses were conducted in cooperation with other research 
projects to build up a discussion basis for the workshops. 

Literature research on industrial symbiosis definitions 

Based on the EU H2020 project CORALIS (GA No 958337), common scientific literature databases 
and search engines such as sciencedirect.com, SCOPUS and Google scholar were browsed with a focus 
on articles and projects that deal with industrial symbiosis and related topics such as industrial ecology 
and circular economy.   

Literature research on allocation factors for company sites 

In a previous study conducted by the Energieinstitut an der JKU on a national scale, the aspects 
considered as relevant for the location decision of a company’s production site were elaborated based 
on literature and knowledge from previous projects. These findings were updated and adapted in course 
of Activity D. 

Survey and points of discussion for hands-on workshop #2 

In order to clarify potential contributions of IETS Task 21 participants and to identify the overlaps for 
future joint elaboration, questions on participants’ projects and perspectives (for example, if the topic 
“barriers to Industrial Symbiosis” is already sufficiently elaborated on in scientific literature) were posed 
in hands-on workshop #2. Workshop participants could answer via the Slido tool.  

http://www.slido.com/
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Findings 

Industrial symbiosis definitions 

These findings are brought into IETS Task-21 from the EU-Horizon project CORALIS, which various 
IETS Tak-21 participants are involved in (see also Energieinstitut an der JKU Linz (2021) - CORALIS 
D2.5). Eleven definitions of “industrial symbiosis” that are assumed well-established or well-known and 
that were published in scientific articles and project websites from 1997 up to 2021 were chosen for 
further analysis (see Table 3). From these eleven definitions, the key statements were extracted in order 
to clarify the aspects they use to define industrial symbiosis. 

Table 2: Selected definitions of “Industrial Symbiosis” from literature. 
Source: Energieinstitut an der JKU Linz based on literature. 

Industrial symbiosis […] involves the creation of linkages between firms to raise the efficiency, measured at the scale 
of the system as a whole, of material and energy flows through the entire cluster of processes 

Ehrenfeld and Gertler, 1997 [S. 68]    

Industrial symbiosis engages traditionally separated industries in a collective approach to competitive advantage 
involving physical exchange of materials, energy, water, and/or by-products. The keys to industrial symbiosis are 
collaboration and synergistic possibilities offered by geographic proximity. […] Here, two unrelated species exchange 
materials, energy or information, resulting in an advantage on both sides.  

Chertow, 2000 [S. 314]  

Within this framework of inter-firm relationships, industrial symbiosis (IS) can be categorized as a concept of collective 
resource optimisation based on by-product exchanges and utility sharing among different co-located facilities. 

Jacobsen, 2006 [S. 240]     

Within the field of industrial ecology, Industrial Symbiosis (IS) has emerged as a body of exchange structures to 
facilitate progress to a more eco-efficient industrial system. By establishing a collaborative web of knowledge, 
material and energy exchanges among different organizational units, IS networks aim to reduce the intake of virgin 
materials and lower the production of waste by the industrial sector. 

Domenech and Davies, 2011 [S. 79]   

   
IS engages diverse organizations in a network to foster eco-innovation and long-term culture change. Creating and 
sharing through the network yields mutually profitable transactions for novel sourcing of required inputs, value 
added destinations for non-product outputs, and improved business and technical processes  

Lombardi and Laybourn, 2012 [S. 31–32]    

Industrial symbiosis examines cooperative management of resource flows through networks of businesses known in 
the literature as industrial ecosystems 

Chertow and Ehrenfeld, 2012 [S. 13]    

IS applies the ecological metaphor of IE to create a collective approach to firms and industries traditionally viewed as 
separate entities and considers the entire system with regard to the physical exchanges of materials, energy, water 
and by-products 

Leigh and Li, 2015 [S. 632]     
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Based on the above definitions, the following aspects are considered to be crucial for Industrial 
Symbiosis: Industrial symbiosis is a branch of “Industrial Ecology” and thus a tool of the “Circular 
Economy”, as it aims to optimize the industrial system as a whole, not the individual companies. 
However, the aim is to create a win-win situation for the partnering organizations (hence “symbiosis”) 
as otherwise such solutions would not be adapted by industry. Furthermore, industrial symbiosis 
“happens” when companies (that are originally not connected) identify and realize mutual novel 
business relationships. Especially regarding self-raised industrial symbiosis, these companies are often 
in local proximity to each other - but they do not have to be. In addition, some literature6 requires more 
than two companies to be involved (multilateral exchange) in order to differentiate between common 
business relations and industrial symbiosis networks. In any case, traditional industrial symbiosis 
usually means the exchange of materials or energy, but also knowledge, logistics & other services can 
be subject of symbiosis in mono- or bidirectional relationships/exchanges. Another important aspect is 
the utilization of wastes/by-products as resources for others. Thus, the need for primary raw materials 
and energy is reduced as well as waste generation. This leads to environmental benefits, as material 
cycles are more closed. The companies shall experience economic benefits, and in fact, this is inevitable 
in order to bring industrial symbiosis projects to realization. Consequently, technical, regulatory and 
business model innovation are closely connected to industrial symbiosis development. 

This means, many of today's "classic" business relationships were once "innovative industrial 
symbioses" (only they were not called that back then), e.g., the use of residual materials is quite common 
in some branches already: when innovative industrial symbioses become state-of-the-art (e.g., due to 
high replicability of a technical solution), "classic" business relationships arise again. This should be the 
goal, also in regard to carbon industrial symbiosis. 

 
6 Not in definitions in the text boxes 

Industrial symbiosis is a form of brokering to bring companies together in innovative collaborations, finding ways to 
use the waste from one as raw materials for another. […] Local or wider co-operation in industrial symbiosis can 
reduce the need for virgin raw material and waste disposal, thereby closing the material loop – a fundamental feature 
of the circular economy and a driver for green growth and eco-innovative solutions. It can also reduce emissions and 
energy use and create new revenue streams.  

FISSAC 2015-2020   

Industrial symbiosis offers to companies the possibility to make economic benefits and to minimize environmental 
impacts by sharing flows and increasing inter-enterprise exchanges. 

Boix et al. 2017    

Industrial symbiosis is the use by one company or sector of underutilised resources broadly defined (including waste, 
by-products, residues, energy, water, logistics, capacity, expertise, equipment and materials) from another, with the 
result of keeping resources in productive use for longer.   

CEN Workshop Agreement 17354 (2018)   

Industrial symbiosis is the association between industrial facilities or companies in which the waste or by-products of 
one become raw materials for another. Industrial symbiosis can be described as a collaboration between several 
different, often geographically proximate entities, i.e., companies and factories closely co-located in clusters or 
industrial parks exchanging resources (e.g., materials, energy, water and by-products) that can be used as substitutes 
for products or raw materials, which would otherwise be imported from elsewhere or treated as waste. Industrial 
symbiosis can also involve the joint provision of utilities and services between the actors in the network.  

Nordregio 
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Table 3: Summary of "Industrial Symbiosis" definitions - similarities and differences. 
Source: Energieinstitut an der JKU Linz. 
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Allocation factors for company sites 

The requirements that can be of importance for companies when they decide on a location for a 
production site are manifold, as can be seen in Figure 8. The mind map shows a selection of requirements 
of producing industrial enterprises that can apply to a production site.  A full outline of requirements 
cannot be given due to complexity and individual requirements by different companies. The red boxes 
highlight the thematic areas, which are highly relevant in regard to circular carbon industrial symbiosis, 
i.e., cooperative carbon capture and utilization for energy and raw material production, waste and 
emission reduction and connected topics such as material transport and regulatory aspects. 
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Assuming that  circular carbon incentives and industrial symbiosis will become part of the daily business 
of companies and a core aspect of the industrial system, the suitability of a location also depends on the 
feasibility of industrial symbiosis and circular carbon technologies/business models in a specific place.  

Referring to Figure 8, the highlighted topics are the ones identified to be of high relevance in regard to 
industrial symbiosis ambitions in general and more specific in regard to carbon cooperation, e.g., via 
local / regional carbon capture and utilization (CCU) projects. The availability of raw materials, energy, 
waste disposal options (including other industrial players), infrastructure such as electricity, gas and heat 
networks as well as the regulatory aspects (of CCU, energy cooperation and industrial symbiosis) are of 
utmost relevance. Nevertheless, further aspects may come into play as well, such as availability of 
qualified staff, regarding not only the core processes of the company but also business innovation, such 
as industrial symbiosis development, technical innovation (CCU), business model development and 
environmental assessments, to give some examples. 
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Figure 8: Qualitative overview of general requirements companies may consider in regard to site location. 
Based on: Energieinstitut an der JKU Linz (PINE study, 2020) and Eisold (2014), Illustration: 
Energieinstitut. 
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Survey and discussion points hands-on workshop #2 

In the survey, about half of the participants agreed that Industrial Symbiosis differs from common 
business relations, as the focus is specifically on environmental sustainability and closing material loops, 
as by-products and wastes become inputs for others. Also, the complex relationships/networks that can 
come with industrial symbiosis were highlighted. Others however consider industrial symbiosis as 
subarea of business models, which has a focus on sustainability and/or is determined via location and 
time specifications. Regarding the question if industrial symbiosis is a requirement/enabler of a circular 
carbon economy, all participants agreed. In terms of barriers to industrial symbiosis about 70 % of 
participants found the topic too less elaborated on in scientific literature. I.e., future research should 
put a focus on specific barriers in regard to circular carbon industrial symbiosis and good practice 
examples. Finally, in concerning the three subactivities, participants were asked to list suitable projects 
they currently work on. In total, five national and EU projects, five organizations and one conference 
were named by the participants which may contribute to subsequent Subtask’s elaboration.  

Implications 
As can be seen from the broad Activity description with three different subactivities as well as the 
summarized findings, the topics “industrial symbiosis”, “circular carbon cooperation” and 
“reallocation” are of high relevance and participants were interested, and also, various projects work on 
these topics. Industrial symbiosis is seen as an inevitable tool to implement circular carbon streams  and 
a circular economy respectively. 

However, the Activity was found to contain too many, too less specified topics. This means, some 
participants were unsure how to significantly contribute to the Activity. Nevertheless, in the discussions 
of workshops #2 and #3, various hotspots such as complexity, relevant business models and practical 
examples were identified as most interesting in regard to industrial symbiosis in general. On the other 
hand, circular carbon from a technical and modelling perspective was identified as a further hotspot. 
Thus, for a subsequent period of this Activity, it is recommended to restructure the Activity and its 
subactivities and to detail the subactivities, so that participants can actively contribute with their 
expertise.  
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Activity E: Networking 
Circular Carbon, embedded in the context of Circular Economy and Sustainable Energy Systems, is a 
broad topic and its scope overlaps with part of the work done in many other IETS Tasks 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. This Activity aimed to establish collaboration between 
Task 21 and other Tasks in IETS as well as with the Hydrogen TCP, the GHG TCP and the Biomass 
TCP. Additionally, cooperation with the ETSAP TCP was found.  

Networking was aimed to include participation in each other’s workshops, disseminate information from 
among the different Tasks’ members, organize 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 Activity 
for a continuation of this Task. 

 

Participation and presentation in workshops and events 

In the period from the start of Task 21 in February 2021 to March 2022, the Task leader and Activity 
leaders has participated in many external or associated workshops and events. Based on the exchange, 
the intention is to clearly delimitate the work done in Task 21 from other work elaborated in existing 
Tasks and TCPs. It was found that even equal headlines like carbon capture, carbon from biomass, or 
industrial symbiosis are broad enough to elaborate on very different topics underneath.  

• Participation and presentation in the IETS ExCo Meeting in May 2021 

• Swedish Task 21 workshop in June 2021 

• Participation in the IETS Inter-TCP Meeting in October 2021 

• Participation and presentation in the IETS ExCo Meeting in November 2021 

• Austrian Task 21 workshop in February 2022 

• Participation and presentation in the IETS Task 11 workshop on Circular Bioeconomy and 
Industrial Symbiosis in February 2022 

• Participation in the IETS workshop with the IEAGHG TCP in March 2022 

• Participation and presentation in the Intermediate IETS ExCo Meeting in March 2022 

• Participation and presentation of the new subtasks in the IETS ExCo Meeting in May 2022 

 

Workshop organized by Activity E leader WIVA P&G 

Decarbonization and circular economy are topics that need more and more embedding in our way of 
thinking and acting. How differently circular carbon can be understood was to be discussed in a 
workshop organized by WIVA P&G on April 5th, 2022, on the basis of models, experiences and best 
practice examples from tasks of different IEA TCPs. An introduction and explanation of the aim of the 
workshop were provided by Elvira Lutter, IETS ExCo Member, Austrian Climate and Energy Funds; 
Simon Moser, IETS Task 21 Manager, Energieinstitut an der JKU Linz; Horst Steinmüller, Hydrogen 
ExCo Member, WIVA P&G. The exchange took the form of several elevator pitches and an 
accompanying discussion format. For this purpose, speakers from different IEA TCPs presented their 
perspectives on the topic of Circular Carbon. 
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Figure 9: Speakers of the workshop and the TCPs they represent. Inge Johansson was substituted by Luc 
Pelkmans (Caprea Sustainable Solutions). 
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CONCLUSIONS AND RECOMMENDATIONS 
The work conducted within IETS Task 21 in 2021 had general and specific objectives, which were 
followed and achieved. Task 21 developed to be a platform for exchange of information, experiences 
and lessons in R&D projects in the area of circular carbon. Task 21 was highlighted in other TCPs and 
also in several EU projects and national workshops. This was also achieved by communicating with and 
attracting a broad community. The methodology applied aimed to find pragmatic ways to align 
information, knowledge, definitions, approaches and methodologies used and generated in current and 
recent projects by Task members. By doing so, Task 21 broadened the awareness and knowledge 
regarding the system impacts; it increased the awareness of other concepts that are also in line with and 
part of sustainable development. 

Conclusions and findings 
Given the one-year introductory phase of subtask #1, IETS Task 21 aimed to provide only preliminary 
results and to specify in more detail the questions to be addressed - and the methods to answer them - 
under new or updated subsequent subtasks. 

In total, approx. 30 organizations participated in the Activities and/or workshops that were conducted 
throughout this year: Three interactive “hands-on” workshops were held online, each focusing on 
selected Activities. In the meantime, questionnaires were sent out for detailed investigation of certain 
topics. In parallel, various bilateral meetings with or among the Activity leaders were held, and also, 
Activity leaders participated in various workshops, e.g., from other projects, with focus on dissemination 
and networking. 

Activity A focused on definitions and the participants’ recognition of concepts related to the Task. The 
results showed that the relationships among keywords are sometimes not obvious, for example of the 
concepts Circular Economy and Sustainable Energy System, also, their connection with Circular 
Carbon is not prevalent. Furthermore, it was shown that for Industrial Decarbonization, Circular 
Carbon and Carbon Neutrality standard definitions are missing. This result also goes hand in hand with 
the fact that especially for Circular Carbon and Industrial Decarbonization, there were relatively few 
hits in the bibliographic analysis compared to the other concepts. 

Activity B dealt with modelling aspects of circular carbon. The Task participants were asked which of 
their models already consider circular carbon, and in which form it is to be integrated. A total of 12 
models were submitted from the organizations. Among the submitted model descriptions, four referred 
to energy system models and three to LCA models. Regarding the challenges of integrating circular 
carbon into LCA, allocation/scope is the main issue. Participants disagree on the scope of circular 
carbon, i.e., some only accept circular carbon in a narrow circle, equivalent to CCU without carbon 
leakage, while some would also accept the cycle from fossil feedstock to long-term underground storage. 

Activity C set up a model to visualize industrial carbon flows to identify the potential for 
decarbonization and carbon loops within the industrial systems. State-of-the-art carbon flows were 
described for cement production. The considered carbon-containing streams comprise fossil energy 
carriers such as coal, oil and gas but also biomass and indirect carbon and elaboration should be 
continued for product streams such as in paper, polymers, fertilizer, etc. 

Activity D focused on identifying opportunities and challenges in conjunction with cooperative 
measures by industry, preliminarily investigating the area of carbon and hydrocarbons. The task-
participants were asked to share information on their ongoing projects that are relevant to the Activity’s 
topics. In total, five national and EU projects, five organizations and one conference were named by the 
participants. In addition, definitions of “industrial symbiosis” and the manifold requirements that can be 
of importance when companies decide on a location were analyzed. Future elaborations should put a 
focus on specific barriers, especially missing business models, in regard to circular carbon industrial 
symbiosis and good practice examples. 
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Activity E recognizes that Circular Carbon is a broad topic and its scope overlaps with part of the work 
done in many other IETS Tasks as well as other IEA TCPs. This Activity aimed to establish 
collaboration between Task 21 and other Tasks in IETS as well as with the Hydrogen TCP, the GHG 
TCP and the Biomass TCP. Additionally, cooperation with the ETSAP TCP was found. Consequently, 
a workshop was organized delivering insights in various Tasks of different TCPs’ view on Circular 
Carbon.  

Recommendations and outlook 
Another specific goal of the work conducted within the first year of IETS Task 21 was to identify white 
spots to be included in a second period with new/updated subtasks. At the end of 2021, and thus towards 
the end of the first period, it became obvious that the Activities are, on the one hand, broad and attract 
many participants/groups, but are, on the other hand, too broad to allow for concrete joint elaboration 
and exchange from projects. In order to narrow down the activities with regard to contents and methods, 
also at the risk of losing groups/participants involved in Task 21, the Task management contacted all 
groups/participants asking for their interests and projects they can associate with potential activities. 
They were also free to propose own activities. In the following, only activities are mentioned that 
received interest from at least 3 participants/groups.  

The potential subsequent subtasks and Activities are: 

Subtask: Circular Carbon 

• LCA and Energy System modelling 

• Integration of carbon capture in industry 

• Networking with other IETS Tasks and other TCPs’ Tasks (e.g., ETSAP) 

Subtask: Industrial Symbiosis 

• Definition and delimitation 

• Good practice examples 

• Business Models 

• Networking with other IETS Tasks and other TCPs’ Tasks (e.g., IETS Task 11) 
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PARTICIPANTS 

Financing of task management 

The task manager was financed by the Austrian Climate and Energy Funds.  

Task management and Activity management 
• Task management: Energieinstitut an der Johannes Kepler Universität Linz, Austria with 

subcontracting parties  

• Activity A leader: Energieinstitut an der Johannes Kepler Universität Linz, Austria 

• Activity B leader: FfE Forschungsstelle für Energiewirtschaft, Germany 

• Activity C leader: ENEA Italian National Agency for New Technologies, Energy and 
Sustainable Economic Development, and Politecnico di Torino, Italy 

• Activity D leader: Energieinstitut an der Johannes Kepler Universität Linz, Austria 

• Activity E leader: WIVA P&G Wasserstoffinitiative Vorzeigeregion Austria Power & Gas, 
Austria 

List participation countries and groups/organizations 
Participants and significant contributors, by country 

• Austria 

• Canada 

• Denmark 

• Finland 

• France 

• Germany 

• Italy 

• Netherlands 

• Norway 

• Portugal 

• Sweden  
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Participants and significant contributors, by organization 

• Energieinstitut an der JKU Linz, Austria 

• BOKU University of Natural Resources and Life Sciences, Austria 

• WIVA P&G, Austria  

• Rohrdorfer Zement, Austria  

• FFE Forschungsgesellschaft für Energiewirtschaft mbH, Germany 

• ADEME Agence de la Transition Ecologique, France  

• TU Delft, The Netherlands 

• Aalto University, Finland 

• VTT Technical Research Center of Finland, Finland  

• PlanEnergi, Denmark 

• Ea Energy Analyses, Denmark 

• University of Southern Denmark, Denmark 

• SINTEF, Norway 

• Eyde-cluster, NCE EYDE Norwegian Center of Expertise Sustainable Process Industry, 
Norway 

• ISEC Lisboa, Portugal 

• ENEA, Italy 

• Politecnico di Torino, Italy 

• Energimyndigheten, Sweden 

• LTH Lund university, Sweden 

• LIU Linköping University, Sweden 

• KTH Royal Institute of Technology, Sweden 

• Chalmers University of Technology, Sweden  

• RISE Research Institutes of Sweden, Sweden 

• LTU Luleå University of Technology, Sweden 

• IVL Swedisch Environmental Research Institute, Sweden  

• Moe Consulting Engineers, Northern Europe 

• UQTR, Université du Québec à Trois-Rivières, Canada 
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CONTACT INFORMATION 
Task manager: Dr. Simon Moser 

Energieinstitut an der Johannes Kepler Universität Linz 

Altenberger Straße 69, A-4040 Linz, Austria 

moser@energeieinstitut-linz.at 

Phone: +42-732-2468-5658 
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ABOUT THE TCP ON INDUSTRIAL ENERGY-RELATED 
TECHNOLOGIES AND SYSTEMS (IETS TCP)  
Founded in 2005, the IETS TCP is dealing with new industrial energy technologies and systems.  

Our mission is to foster international cooperation among OECD and non-OECD countries for 
accelerated research and technology development of industrial energy-related technologies and systems. 
In doing so, we seek to enhance knowledge and facilitate deployment of cost-effective new industrial 
technologies and system layouts that enable increased productivity and better product quality while 
improving energy efficiency and sustainability.  

Through our activities, we will increase awareness of technology and energy efficiency opportunities in 
industry, contribute to synergy between different systems and technologies, and enhance international 
cooperation related to sustainable development.  

Disclaimer  
The IETS TCP is part of a network of autonomous collaborative partnerships focused on a wide range 
of energy technologies known as Technology Collaboration Programmes or TCPs. The TCPs are 
organized under the auspices of the International Energy Agency (IEA), but the TCPs are functionally 
and legally autonomous 
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