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Introduction 
This Task 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. 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. 

Purpose and Objectives  
The general objectives of this Task 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, 
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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. 

Below parts of the results from the first phase of 
the Task are presented. 

Analysis of Concepts 
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.  

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 and Industrial Decarbonization 
received the fewest hits at all the three search 
levels. 

The figure below shows the combinations of the 
different topics that resulted for the search in the 
title, abstract or keywords. In the graph, also the 
hits per single concept are shown. The 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 the figure, 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. Furthermore, the topic of Industrial 
Decarbonization has relatively few hits and 
combinations compared to some of the other 
concepts. 

 

The results showed that the relationships between 
the concepts Circular Economy, Sustainable 
Energy System, Circular Carbon, Carbon 
Neutrality, CCU, CCS, Industrial Symbiosis and 
Industrial Decarbonization are sometimes not that 
obvious. Especially, the connection between the 
concepts Circular Economy and Sustainable 
Energy System, is often not clear. Therefore, it 
would be interesting to analyze this connection in 
more detail and build awareness in this context.  

In addition, the results of a 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. 
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Modelling and Circular Carbon 
Technologies and Systems 
This part 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, this part 
assessed industrial carbon flows to identify 
potential for decarbonization and carbon loops 
within the industrial systems. 

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. First addressed in 
the work was the question for which types of 
model circular carbon is relevant. Three types of 
models were selected for further consideration: 
energy system models, LCA models and an 
industrial model.  

The challenge of integrating circular carbon into 
the models 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 allocation, which is directly connected to 
the scope and goal of the LCA as well as the 
system boundaries. Allocation, in turn, is a topic 
that is already addressed in the LCA standard. 

The in-depth analysis of the studied LCA papers 
showed that most of the papers allocated the CO2 
credits to the applications. 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. 

So far, no general implications can be derived. 
Regarding the challenges of integrating circular 
carbon into LCA, allocation 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 complemented with other analyses, such as 
energy system analysis. 

In the work industrial carbon flows, to identify 
potential for decarbonization and carbon loops 
within the industrial systems, were also assessed. 
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. Indirect CO2 equivalent emissions were 
considered for the feed stream. 
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Industrial Symbiosis 
The focus of this part 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. 

One activity in this part was the definition of 
Industrial Symbiosis. 

The findings are brought into IETS Task XXI 
from the EU-Horizon project CORALIS. 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. From these eleven definitions, the 
key statements were extracted in order to clarify 
the aspects they use to define industrial symbiosis. 

Based on the 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 literature 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 regarding carbon industrial symbiosis. 
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About the IETS TCP 
The IEA TCP on Industrial Energy-Related Technologies and Systems (IETS TCP), founded in 2005, is dealing 
with new industrial energy technologies and systems. 

The mission of IETS 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, IETS 
seeks 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 its activities, IETS 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 
Information or material of the IETS TCP (formally organised under the Implementing Agreement on Industrial 
Energy-Related Technologies and Systems) do not necessarily represent the views or policies of the IEA 
Secretariat or of the IEA’s individual Member countries. The IEA does not make any representation or warranty 
(express or implied) in respect of such information (including as to its completeness, accuracy or non-
infringement) and shall not be held liable for any use of, or reliance on, such information.  
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