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EXCECUTIVE SUMMARY
Introduction
The IETS TCP (Technology Collaboration Programme on Industrial Energy-Related Technologies and
Systems under the auspices of the International Energy Agency) organized an International Expert
Workshop on Deep Decarbonization in industries in Vienna, October 9-11, 2019.The workshop was
intended for invitees only. A limited number of international experts were invited, resulting in around
50 participants from 15 countries.

Objectives
The main objectives of the workshop were:
•

To highlight the importance of process industry in radical GHG mitigation.

•

To point out opportunities and hurdles.

•

To identify hotspots for further RD&D.

•

To improve international collaboration between disciplines and RD&D areas.

•

To improve knowledge transfer to strategic industrial and policy decision makers.

Programme Committee and Authors of the Report
The Programme Committee consisted of the following experts:
•

Dr. Chris Bataille, Institute for Sustainable Development and International Relations
(IDDRI.org), Paris, and Simon Fraser University, Vancouver, Canada

•

Prof. Andrea Ramirez, Delft University of technology, the Netherlands

•

Prof. Rene Hofmann, Vienna University of technology and AIT, Centre for Energy, Austria

•

Prof. Stefan Lechtenboehmer, Wuppertal Institute, Germany and Lund University, Sweden

•

Programme Manager Elvira Lutter, Climate and Energy Fund of the Austrian Federal
Government

•

Dr. Philippe Navarri, CanmetENERGY, Natural Resources Canada, Canada

•

Prof. Thore Berntsson, Chalmers Institute of Technology, Chair of the IETS TCP, and chair of
the Programme Committee

Workshop programme
Based on the general objectives, presented above, the workshop dealt in a broad way with most major
aspects for deep decarbonization. Based on the outcome from the workshop, areas for further, more
detailed, workshops will be identified.
The sessions were:
Session 1: Roadmaps in Industry
Session 2: Technologies for Deep Decarbonization
Session 3: Industrial Systems
Session 4: Industry in a Circular Economy
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Session 5: Innovation, Risks, Obstacles, Decision-making
Session 6: Policy, Strategy, International Cooperation
Session 7: General Discussion
In Session 1, roadmaps for different industries were highlighted. In Sessions 2-6, the presentations
were followed by group discussions (six groups) and a plenary discussion.
Types of industry roadmaps (Session 1), findings regarding main conclusions and suggestions for
further international collaboration (Sessions 2-6) as well as main conclusions from the general
discussion are summarized below.

Session 1: Roadmaps
A general presentation and five industry-specific ones were included in Session 1. These presentations
were used as a base for the discussions in the subsequent sessions.

Presentations
•

A review of technology and policy pathways to net-zero emissions industry
Chris Bataille, IDDRI, Paris and Simon Fraser University, Canada

•

Defossilization in the chemical industry – challenges and opportunities
Florian Ausfelder, DECHEMA Gesellschaft für Chemische Technik und Biotechnology e.V,
Germany

•

The Role of Innovation in Cement 2050 Roadmap
Jim Rushworth, CEMBUREAU (EU Cement Association)

•

Deep decarbonisation pathways in the European forest fibre and paper industry
Nicola Rega, CEPI, the European forest fibre and paper industry

•

Towards a net-zero emissions steel industry
Åsa Ekdahl, World Steel Association

•

Refinery 2050: opportunities and challenges for the refining industry
Marta Yugo, CONCAWE

There were no group sessions around presentations of this session and therefore no formal conclusions
of this session are reported in this document. Instead, as pointed out, the presentations in Session 1
served as a background and base for the further discussions.

Session 2: Technologies
Main conclusions
•

In addition to existing and promising new efficient process technologies presented in variuous
industrial roadmaps (see presentation of Session 1), there is a large number of R&D and
development activities ongoing for all technologies discussed in this session towards next
generation of highly efficient and low-emitting processes. However, there is a strong need for
further developments, which are identified below. Also, international cooperation and
knowledge transfer are key aspects for effective and rapid industrial conversion.

•

There is not one single solution and hence a number of novel technologies and systems are
needed in order to achieve deep decarbonization, although possible mixes of measures of

IETS, Industrial Energy-Related Technologies and Systems

5

DEEP DECARBONIZATION IN INDUSTRY

course differ between different industry types and conditions. This means a radical change in
industrial process and utility systems.
•

Although there is still a need for R&D on the technologies for carbon capture utilization and
storage (CCUS) to reduce the cost and the energy consumption, emphasis should be put on
system and integration aspects, infrastructure, financing, acceptance and better understanding
of real GHG mitigation in carbon utilization (CCU) systems. All these aspects and acceptance
(not a core area in IETS) were discussed in Session 3.

•

Regarding electrification, green electricity is essential to achieve decarbonization, however it
will also be needed in other sectors, notably in transportation. Given the amount of energy
involved, using electrification for deep decarbonization in industry alone would need
enormous amounts of green power production. Different sectors will therefore most probably
compete with available green power. A better understanding of optimal use of green power in
society is therefore critical.

•

The need for radical change means a need for knowledge transfer to industry and development
in industry as well as, e. g., new expert resources in industry. The complexity of the changes
requires a new type of expertise. This was recognized in general terms for all new
technologies and can become an important obstacle for industrial energy and process
conversion.

Suggestion for further work
CCS - Direct Air Capture
A number of items listed below should be discussed with the IEA Greenhouse Gas R&D Programme
in order to avoid duplication and to find possible cooperation. The IETS responsibility is mainly in
areas dealing with industrial consequences/opportunities when introducing CCUS into process
industry systems:
•

Ongoing and planned work internationally and nationally to facilitate the introduction of
necessary CO2 collection/distribution (i.e. pipeline) and storage infrastructure.

If the work will incorporate mainly industrial symbiosis aspects for large regional infrastructure
systems, it would be highly relevant within IEA IETS.
•

Use of industrial excess heat to reduce the energy consumption for absorbent/adsorbent
regeneration in the capture plant.

The work could include surveys and applied R&D on opportunities and system consequences of using
excess heat for cost reduction. Work on absorption fluids and solid sorbents suitable for lowtemperature excess heat and the possible influence on the potential would also be an interesting part.
•

Direct air capture

Regarding direct air capture, which in the future could be an own industry type, understanding of the
conditions required to develop DAC(S) at large scale and the implications at system level (for instance
regarding availability of green energy, land, infrastructure) should be of high importance
•

CCU Systems

Several aspects related to CCU systems could be included in international work in this area. Examples
include real GHG mitigation potentials for different CCU systems as already illustrated by the IEA in
its "Putting CO2 to use" report, but also how to put value on CCU products (not IEA, IETS core
business) and need for new production processes in existing plants.
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Process integration aspects were discussed in Session 3 and the important aspect of public acceptance
is outside IETS TCP areas.
Electrification
A new annex in the area of industrial electrification has recently started within the IETS TCP. In the
first part of this annex, interested groups and areas for international networking will be identified.
Thereby, possible cooperation or information exchange with some other IEA collaboration areas will
be discussed, notably with the hydrogen, power systems and power short-term storage areas.
Hence, aspects of importance, identified in the workshop and discussed above, will be included in this
newly started international cooperation.

Session 3: Industrial Systems
Main conclusions
•

Due to the need for radical changes to achieve a deep decarbonisation of the industrial sectors,
process integration and other system-oriented methods should play an important and possibly
enhanced role in identifying complex interplay between novel and traditional technologies in
both existing and new processes.

•

Ex-ante evaluation methods (including prospective LCA), now being developed, will help
decision-makers in industry and governments substantially in identifying robust long-term
solutions, both in terms of economy and climate.

•

Systems for negative emissions in industry are seen as increasingly important for maintaining
the atmospheric CO2 at an acceptable level. Opportunities for this and possible system level
solutions have so far not been studied in much detail, although the potential especially in biobased industrial systems is huge and should be further investigated.

•

The importance of industrial symbiosis, where industries exchange feedstocks and resources
including industrial excess heat, is not fully understood or explored leaving another large
potential unexploited. In order to use this to its full capacity, new business models and new
system thinking in industry is needed. However, it is recognized that risk mitigation measures
are needed to introduce flexibility and reduce dependency between facilities in case of, for
instance, unexpected shutdowns in one facility.

Suggestions for further work
Process Integration
When the IETS TCP was formed, several earlier TCPs were merged into one broader TCP, among
them Process Integration. An IETS TCP international expert workshop on process integration was held
in 2017 to highlight the role of process integration in greenhouse gas mitigation in industry (available
on the IETS TCP homepage). International cooperation in this area could include:
•

New methods for process integration of novel technologies.

•

Strategic planning of complex industrial systems, taking future conditions into account with
ex-ante-based scenarios.

•

Development of an international database for industrial energy system examples. In IETS
Annex XV on industrial excess heat, such a database is being developed for excess heat
purposes.

•

Security and operability risk minimization in well integrated industrial systems.
IETS, Industrial Energy-Related Technologies and Systems
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Ex-ante Evaluation
•

Development and sharing of ex-ante methods for identification of optimal use of new
technologies, for improving long-term strategic decisions, for screening of different pathways
and for reduction of uncertainties

In IETS, a new task in Annex XI on Industrial Biorefineries, is under development, in which ex-ante
and decision support systems (DSS) will be developed.
Negative emissions in industry
•

Opportunities for negative emissions in different types of industry and consequences for the
industrial energy systems

•

Consequences on future bio-based industrial systems with “zero-emitting” products, i. e. new
products will influence processes and energy balances in industry. This will have a direct
impact on the resulting GHG mitigation level for new products and should therefore be better
understood.

•

Understanding the potential of negative emissions in the different industrial sectors and the
system conditions required

Industrial symbiosis
•

Process integration and ex-ante methods for industrial symbiosis systems.

•

Business models for industrial symbiosis systems.

Session 4: Industry in a Circular Economy
Main conclusions
•

Recycling of materials in a circular economy perspective should be developed considerably as
a strategy for decarbonizing the industry. By doing so, the product lifetime is increased (with
the same or different function), the energy use is lower than for producing new product, and
for carbon-based products the carbon retention time is also increased.

•

Many products currently pose important challenges regarding their recyclability (i.e. quality,
composition) and new products suitable for recycling and corresponding processes should be
developed. However, knowledge about system consequences for industrial processes with
recycling and new materials is not totally understood and should be improved.

•

Current infrastructure to facilitate the collection, reprocessing, reuse and recycling should be
redesigned in a symbiotic way to improve the overall efficiency and reduce the overall cost.

•

To achieve further decarbonization, synergy between circular economy and renewable energy
in industry should be identified for different processes and industry types for which improved
or new infrastructure for hydrogen, heat, CO2 and residues are needed.

Suggestions for further work
Recycling
•

Consequences for industrial processes of using recycled feedstock and materials.

•

System perspective of industrial symbiosis towards highly efficient eco-industrial parks.
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New Materials and Products
•

System perspective of new materials and products designed for easy recycling and
consequences on the energy infrastructure and industrial symbiosis with co-located industries.

Circular Economy and Novel Business Models
•

Innovative business, energy and environmental models for collaboration between industries in
a circular economy perspective.

•

Synergy between circular economy and renewable energy systems in an industrial perspective.

Session 5: Innovation, Business Models, Risk
Main conclusions
•

Possible lock-in effects, accentuated by the need for capital & planning intense and risky
industrial conversion, can be substantial. Knowledge about how to avoid such effects should
be improved.

•

Climate risk, be it regulatory, market driven, or direct damages, is a new dimension in risktaking. Examples are future uncertainties about technical economic and climate consequences
for new technologies/systems as well as uncertainties about e. g. future policy instruments and
social acceptance. Risk-sharing and governmental responsibility are important aspects to
develop further.

•

Both pilot and commercial scale demo plants are crucial for industrial acceptance of new
technologies. However, such plants are expensive and available funding is by far too small.

•

Governments should have a big role in accelerating new investments in industry at all stages
in the innovation and commercialization process. This role is directional and financial. A key
factor for this is also cooperation between countries and industry types. Experiences of
different approaches and types of policy instruments should be shared internationally.

Suggestions for further work
Lock-in effects
•

Investigation and review of planning methods for minimizing lock-in effects in strategic
decision-making.

Risks
•

International experiences and new approaches for risk minimization of novel systems, e.g. the
UK Offshore Wind Accelerator, the EU Ultra Low Carbon Steel program (ULCOS), and the
US DOE ARPA-E.

Possible solutions for accelerating new investments
•

Consequences on the industrial willingness to directly and proactively participate in new and
novel future policy instrument developments

•

International experiences of approaches for risk-sharing, ecolabelling, procurement and other
policy instruments for accelerating new investments.

•

Studies on the importance of infrastructure developments for the willingness to invest.
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Session 6: Policy, Strategy, International Cooperation
Main conclusions
•

Policy instruments for CCUS are unclear and one of the reasons for the slow development of
this technology. Examples are policies for fossil, biogenic and direct-air CO2 and
responsibility-distribution for CCU.

•

Regional policy systems can lead to “CO2 leakage”. Mechanisms for avoiding this should be
developed.

•

A holistic infrastructure view, including benefitting from existing structures and industrial
symbiosis is a key issue.

•

Openness, global trade, standardization and governmental involvements are of high
importance.

•

The relatively low degree of international global cooperation on industry (compared with
some other sectors) should be improved.

Suggestions for further work
•

CCU technologies and identification of such systems with sustainable treatment of CO2.

•

Scientific studies on how different policies could impact the real GHG mitigation
opportunities for fossil, biogenic and direct-air CO2 in different time perspectives, as a base
for governmental or regional policy decisions.

•

Support activities in IEA IETS TCP for more direct cooperation between industries and
countries.

Although being of very high importance, the other issues highlighted above are not core issues for the
IEA IETS TCP.

General Discussion
In the general discussion at the end of the workshop, several of the points discussed in the different
sessions were highlighted and further commented. Also, important general obligations in international
collaboration were identified.
Four main areas were discussed:

Roadmaps
Roadmaps create transparency about strategies, potential uncertainties and “forks in the road”, needed
infrastructure development as well as investment and policy challenges. They are produced at different
levels in industry, nationally and internationally (e. g. IEA). Besides regional expansion there is a need
for sharing existing roadmaps and studies, and for analysis and understanding of e. g. the influence of
different national and regional conditions. The French IETS delegate presented an idea for a new IETS
annex in this area.

Technologies and Systems
For all novel key technologies, discussed in Session 2, the system aspects and the understanding of
future huge consequences for industrial energy systems are of special importance. Hence, process
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integration, respective scenario development and ex-ante evaluation as well as opportunities for
negative emissions and industrial symbiosis should be included in the international collaboration.
Sector integration, in which industrial symbiosis is a part, was recognized as an increasingly important
aspect for industrial GHG mitigation. An international platform for sector integration should be
developed, e. g. within IEA.

GHG mitigation consequences
The real GHG mitigation consequences of different measures are complex due the various interactions
and there is an important need for improved knowledge as well as international knowledge transfer in
this area. Two examples are real GHG mitigation consequences for CCU systems and differences
between fossil and biogenic system measures. Robust and uniform procedures based on a system
approach and life-cycle perspective are needed.

Implementation of novel GHG-mitigation measures
To improve the slow pace for implementing novel technologies and systems in industry, innovation
and business models as well as supportive instruments that allow a more open knowledge transfer
about results from demonstration projects and new real plants should be developed. In addition, and
equally important, studies on how important parameters within and around an industry influence the
performance of a new measure should be developed. One part of this work could be to improve the
knowledge of how different measures are influenced and stimulated by changes in policy instruments
and hence give inputs to decision-makers about the needs for future policy instrument types and levels.
As a general conclusion, it was unanimously recognized that there is a strong need for expanding the
international cooperation within IEA in the industrial sector in several areas, identified above and in
the different session discussions. In addition, the complexity and urgency of transforming industries
towards more sustainable systems together with the limited availability of some resources such as
biomass and renewable electricity calls for a closer collaboration with other societal sectors and other
R&D areas. IETS should therefore develop a closer collaboration with other IEA TCPs.

IETS, Industrial Energy-Related Technologies and Systems
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INTRODUCTION
The IETS TCP (Technology Collaboration Programme on Industrial Energy-Related Technologies and
Systems under the auspices of the International Energy Agency) organized an International Expert
Workshop on Deep Decarbonization in industries in Vienna, October 9-11, 2019. In this report,
background, aims, presentations, findings and suggestions for further work are presented. It is
distributed to governmental and industrial organizations as well as to the IETS international network.
The workshop was intended for invitees only. A limited number of international experts were invited,
resulting in around 50 participantsfrom 15 countries.

Background
The industrial sector is one of the highest GHG emitting sectors globally. The importance of GHG
mitigation in this sector has been highlighted more and more in recent years.
For global GHG mitigation, all sectors must be seen in a sector cross-cutting context. This is, not the
least, true for the industrial sector. Also, within this sector, a large number of competences, scientific
disciplines and industry sector types must cooperate in order to achieve a deep decarbonization.
Hence, there is a strong need for more collaboration for this sector, including more close cooperation
within IEA between different TCPs.

Objectives
The main objectives of the workshop were
•

To highlight the importance of process industry in radical GHG mitigation.

•

To point out opportunities and hurdles.

•

To identify hotspots for further RD&D.

•

To improve international collaboration between disciplines and RD&D areas.

•

To improve knowledge transfer to strategic industrial and policy decision makers.

Programme Committee
The Programme Committee consisted of the following experts:
•

Dr. Chris Bataille, Institute for Sustainable Development and International Relations
(IDDRI.org), Paris, and Simon Fraser University, Vancouver, Canada

•

Prof. Andrea Ramirez, Delft University of technology, the Netherlands

•

Prof. Rene Hofmann, Vienna University of technology and AIT, Centre for Energy, Austria

•

Prof. Stefan Lechtenboehmer, Wuppertal Institute, Germany and Lund University, Sweden

•

Programme Manager Elvira Lutter, Climate and Energy Fund of the Austrian Federal
Government

•

Dr. Philippe Navarri, CanmetENERGY, Natural Resources Canada, Canada

•

Prof. Thore Berntsson, Chalmers Institute of Technology, Chair of the IETS TCP, and chair of
the Programme Committee
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Workshop programme and report
Based on the general objectives, presented above, the workshop dealt in a broad way with most major
aspects for deep decarbonization. Based on the outcome from the workshop, areas for further, more
detailed, workshops will be identified.
The sessions were:
Session 1: Roadmaps in Industry
Session 2: Technologies for Deep Decarbonization
Session 3: Industrial Systems
Session 4: Industry in a Circular Economy
Session 5: Innovation, Risks, Obstacles, Decision-making
Session 6: Policy, Strategy, International Cooperation
Session 7: General Discussion
In Session 1, roadmaps for different industries were highlighted. In Sessions 2-6, the presentations
were followed by group discussions (six groups) and a plenary discussion.
The reporting from the workshop is structured in the following way:
Session 1
•

Chair and speakers

•

Abstracts from the presentations in the session

Sessions 2-6
•

Chair and speakers

•

Abstracts from the presentations in the session

•

Main conclusions

•

Summary of the discussions

•

Suggestions for further international collaboration

Session 7
•

Summary of the general discussion

The full programme is available at the IETS website.
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SESSIONS
Session 1: Roadmaps
Chair: Stefan Lechtenböhmer, Wuppertal Institute, Germany and Lund University, Sweden
Speakers:
•

A review of technology and policy pathways to net-zero emissions industry
Chris Bataille, IDDRI, Paris and Simon Fraser University, Canada

•

Defossilization in the chemical industry – challenges and opportunities
Florian Ausfelder, DECHEMA Gesellschaft für Chemische Technik und Biotechnology e.V,
Germany

•

The Role of Innovation in Cement 2050 Roadmap
Jim Rushworth, CEMBUREAU (EU Cement Association)

•

Deep decarbonisation pathways in the European forest fibre and paper industry
Nicola Rega, CEPI, the European forest fibre and paper industry

•

Towards a net-zero emissions steel industry
Åsa Ekdahl, World Steel Association

•

Refinery 2050: opportunities and challenges for the refining industry
Marta Yugo, CONCAWE

Abstracts
A review of technology and policy pathways to net-zero emissions industry
Chris Bataille, Dr., Institute for Sustainable Development and International Relations (IDDRI.org),
Paris, France and Simon Fraser University, Vancouver, Canada
Intrigued by the lack of industrial decarbonization information available in the pre-Paris Agreement
period, Chris started reviewing the literature, which has become an ongoing project, with several peer
reviewed and project report publications and a technology database. He will summarize his cross
sectoral findings to date from this, the DDPP Heavy Industry Deep Decarbonization Project.

Defossilization in the chemical industry – challenges and opportunities
Florian Ausfelder, Dr., DECHEMA Gesellschaft für Chemische Technik und Biotechnology e.V.,
Germany
The chemical industry is currently based on fossil fuels for both, its raw material base and its energy
demand. Since fossil fuels already deliver their energy content to the chemical processes, a fuel switch
to other, potentially more “renewable” fuels like biomass and CO2 (CCU and PtX), will most likely
lead to a significant increase of the energy demand of the chemical industry and significantly higher
product costs. Recycling of plastics will play a larger role in reducing feedstock demand. However,
chemical recycling does not reach 100% efficiency. The current structure of the chemical industry will
undergo changes and require new infrastructures in order to retain the value of the existing assets.
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The Role of Innovation in Cement 2050 Roadmap
Jim Rushworth, Mr., CEMBUREAU (EU Cement Association)
The presentation will be an update on the 2050 roadmap and the progress made towards the 2050
targets. It will review the technical pathways available to decarbonize the cement and concrete sectors
and the role these sectors play in developing products and solutions to decarbonize downstream
sectors such as buildings and transport. It will also outline the important role the sector plays in the
circular economy. Finally, it will present the next steps needed to be implemented the innovation
technologies. It will focus on demonstration projects needed to transform the industry to a climate
neutral society in 2050 and the opportunities and hurdles they will face.

Deep decarbonisation pathways in the European forest fibre and paper
industry
Nicola Rega, Climate Change & Energy Director, CEPI, the European forest fibre and paper industry
Reaching the 2050 deep decarbonisation goal requires a thorough rethinking of the way industry
operates. Since 2011 the European forest fibre and paper industry has been looking at pathways to
reduce emissions while increasing value added for the European economy. Along this journey this
industry has constantly challenged itself, coupling long-term visions with concrete actions. The
presentation will give an overview of the journey undertaken so far and address challenges ahead.

Towards a net-zero emissions steel industry
Åsa Ekdahl, Head of Environment and Climate Change, World Steel Association
Steel is an enabling material for the decarbonised society of the future. It is key for the delivery of low
carbon energy, indispensable for the continued development and urbanisation and its production is
likely to continue to grow for many decades to come. However, CO2 emissions related to steel making
are significant and it is imperative that we transform the industry to eventually reach carbon neutral
steel making. There is now a portfolio of possible technology solutions available or in development
that will be able to achieve this but how can we ensure they are employed and rolled out globally?
This presentation will elaborate on the future of steel making and the necessary enabling conditions
that need to be in place to ensure that the transformation happens as soon as possible and becomes
truly global.

Refinery 2050: opportunities and challenges for the Refining industry
Marta Yugo, Science Executive Economics and Modelling, Concawe
As part of the Low Carbon Pathways programme, Concawe are exploring routes to achieve significant
improvements in CO2 efficiency associated with the EU refining system and the use of the refining
products in the 2030/2050 timeframe. Through a conceptual modelling exercise and following a twostep approach, different pathways have been investigated:
Step 1. Exploring the potential and associated abatement cost of CO2 efficiency technologies to reduce
the CO2 intensity within the sites
Step 2. Assessing the progressive replacement of crude oil by alternative low-carbon feedstocks in a
2050 demand scenario, modelling some selected examples of bio/waste and Power-to-X routes.
The initial results show potential routes for the refining industry to evolve and significantly contribute
to reduce CO2 emissions across the whole value chain aligned to Paris Agreement. The required
framework conditions that, from the technical point of view, would be required to enable such a deep
transformation are also presented.
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There were no group sessions around presentations of this session and therefore no formal conclusions
of this session are reported in this document. Instead, the presentations in Session 1 served as a
background and base for the discussions in the subsequent sessions.

Session 2: Technologies
Chair: Andrea Ramirez, Delft University of Technology, the Netherlands
Speakers:
•

Integration of CCUS and hydrogen technologies for industrial decarbonization
Mercedes Maroto-Valer, Heriot-Watt University, UK

•

Potential of Digitalization and AI for Decarbonization in Industry
Eemeli Hytönen, VTT Technical Research Centre of Finland, Finland

•

Renewable carbon circling – Biorefining
Michael Mandl, IEA Bioenergy

•

Electrification as an essential part of the de- and recarbonisation of industrial regions
Earl Goetheer, TNO/Delft University of Technology, the Netherlands

Abstracts
Integration of CCUS and hydrogen technologies for industrial decarbonisation
Mercedes Maroto-Valer, Professor, Research Centre for Carbon Solutions (RCCS), Heriot Watt
University, Scotland, UK
Industrial decarbonisation requires the development of medium to long term low-carbon technologies.
Moreover, energy systems integration can bring additional technology benefits, for example by
compensating for intermittent renewables and resource optimisation. A significant reduction in
greenhouse gases can be achieved by Power-to-X systems, i.e. coupling highly concentrated captured
CO2 with H2 from renewables. I will present some of our on-going low-carbon research programmes,
including optimisation of technologies and their integration into low-carbon systems. Finally, realising
the opportunities for decarbonisation requires strategic international partnerships, and therefore,
opportunities for collaboration will also be discussed.

Potential of Digitalization and AI for Decarbonization in Industry
Eemeli Hytönen, Technology Manager (PhD), VTT Technical Research Centre of Finland Ltd,
Finland
This presentation focuses on illustrating how, when and where digitalization and AI may bring the
highest boost for decarbonisation in industry. The how: enhanced understanding on the carbonintensity of different decisions can be obtained by utilising cleverly the available data and assets. The
When: boost can be achieved at every stage of the life cycle of industrial activities, including e.g.
R&D of future products and processes, or the operation of a plant. The Where: all actors involved in
the realisation of decarbonisation of industrial activities have their specific use cases ranging from
digital twin use by engineering to blockhain use by energy system management. Specific sub-topics
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discussed in more detail include digital twins and speeding-up technology upscaling as part of
digitalization of chemical and forest industry.

Renewable carbon circling – Biorefining
Michael Mandl, Dipl.-Ing., Managing Director, Senior Researcher, tbw research GesmbH, Vienna,
Austria
Decarbonization as a term potentially creates rather confusions instead of expressing its real goals and
measures, to the general public respectively. Reducing the fossil-based carbon in our every day’s life
product’s and energy generation routes is the real agenda. Besides the reducing carbon intensity per
service unit a substitution of inevitable fossil-based carbon by a sustainable carbon source derived
from renewable resource such as biomass is an overarching goal for reaching sustainable production
and energy supply. Re-do-foss-carb as wording is introduced, created by abbreviations of its
background, to express the scope and focus in one term. To redofosscarb our living is most likely the
biggest challenge of 21st century. Biorefineries describe the integrated and sustainable production of
food, feed, bulk and value-added products including chemicals and energy from renewables.
Biorefining involves a broad field of feedstocks, technologies and products but its focus is purely on
valorizing renewable carbon to a maximum extent. Selected examples of biorefineries and
technologies implementation (such as green biorefining and valorization of residual streams via
anaerobic digestion and CO2 utilization approaches) will be presented to stimulate discussion.

Electrification as an essential part of the de- and recarbonisation of industrial
regions
Earl Goetheer, Prof. dr. ir., Sustainable Process & Energy Systems, TNO, the Netherlands
It is evident that the industry faces many challenges, but as well opportunities towards the path of
2050. In this presentation, the different options of electrification without the heavy industries will be
discussed and benchmarked with other options for the reduction of CO2 emission by the industry. The
status of the different electrification options will be addressed. Rotterdam is used as an example of an
industrial region to illustrate and to show the impact of the different options. Moreover, technological
and non-technological hurdles towards large scale implementation of electrification will be addressed.

Main conclusions
•

In addition to existing and promising new efficient process technologies presented in variuous
industrial roadmaps (see presentation of Session 1), there is a large number of R&D and
development activities ongoing for all technologies discussed in this session towards next
generation of highly efficient and low-emitting processes. However, there is a strong need for
further developments, which are identified below. Also, international cooperation and
knowledge transfer are key aspects for effective and rapid industrial conversion.

•

There is not one single solution and hence a number of novel technologies and systems are
needed in order to achieve deep decarbonization, although possible mixes of measures of
course differ between different industry types and conditions. This means a radical change in
industrial process and utility systems.

•

Although there is still a need for R&D on the technologies for carbon capture utilization and
storage (CCUS) to reduce the cost and the energy consumption, emphasis should be put on
system and integration aspects, infrastructure, financing, acceptance and better understanding
of real GHG mitigation in carbon utilization (CCU) systems. All these aspects and acceptance
(not a core area in IETS) were discussed in Session 3.
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•

Regarding electrification, green electricity is essential to achieve decarbonization, however it
will also be needed in other sectors, notably in transportation. Given the amount of energy
involved, using electrification for deep decarbonization in industry alone would need
enormous amounts of green power production. Different sectors will therefore most probably
compete with available green power. A better understanding of optimal use of green power in
society is therefore critical.

•

The need for radical change means a need for knowledge transfer to industry and development
in industry as well as, e. g., new expert resources in industry. The complexity of the changes
requires a new type of expertise. This was recognized in general terms for all new
technologies and can become an important obstacle for industrial energy and process
conversion.

Discussion and suggestions for further work
The main technologies for deep decarbonization, as discussed in this section and in the other ones, are
CCUS, electrification (including e. g. power to hydrogen and heat pumping), industrial biorefineries,
digitalization/artificial intelligence and improved process technologies. Other important measures are
new system solutions, discussed in section 3.
CCUS and electrification were discussed at length as it was recognized by participants as they were
considered key to decarbonization. Industrial biorefineries and digitalization were also recognized as
important strategies but were less discussed
The discussions in Session 2 are summarized below and, based on these, suggestions for further
international cooperation are given.

General
The discussion emphasized the importance of combinations of several measures in an industry to
achieve GHG mitigation goals as there is no silver bullet in any type of industry. It also emphasized
the importance of better knowledge of the interlinkages between technologies, new value chains and
sectoral couplings.

CCUS
Carbon capture, utilization and storage (CCUS) is a key technology for deep decarbonization in
process industry, according to most available roadmaps. Although highly-energy efficient and
affordable technologies are essential, the session discussions dealt mainly with the system aspects of
CCUS. Hence, detailed aspects on different capture technologies were not covered. It was concluded
that technologies for CCS exist already today, whereas knowledge about parts in some CCU systems,
notably their real energy and environmental benefits, is still rather poor and need to be further
developed.
The main aspects raised and discussed were:
Infrastructure
This technology, especially CCS, needs a complex and costly infrastructure in the form of CO2
pipeline and long-term storage systems. Although not being directly industrial systems, the
infrastructure aspects are crucial for this technology and therefore discussed in this and subsequent
sections.
An important aspect is who will have the responsibility and will be willing to finance those systems.
This problem was identified as a common one in both countries and regions. There is still a lack of
knowledge between countries about ongoing projects and discussions about opportunities and business
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models for solving this. Already addressed by the IEA Greenhouse Gas R&D Programme
(https://ieaghg.org) more international cooperation about ongoing activities and ideas could maybe
facilitate the introduction of these complex systems. Also, storage of CO2 in rocks (mineralization)
was highlighted as a technology, for which there is a need for further R&D work. The infrastructure
aspects were also discussed in Session 4.
Costs
CCS is still expensive, typically around 50-100 US$/ton CO2. The distribution and storage parts are
discussed above. However, the most expensive parts (in post-combustion capture) are normally the
capital and the energy required for CO2 recovery and compression. In industrial applications, using
process excess heat for desorption can therefore be one way of reducing the cost considerably.
However, this must also be seen in a system perspective (as was discussed in section 3), as the heat
used must be considered “real” excess heat that cannot be used elsewhere in the process. Novel
absorption fluids, solid sorbents or process configurations capable of releasing the captured CO2 at a
temperature below 100 °C would increase the opportunities for "free" excess heat considerably.
Integration
Integration of a CCUS system into a complex process industry is crucial for the overall performance
and cost. This requires specialized process design tools as discussed in section 3, dealing with
industrial systems.
CCU
Carbon capture and utilization, CCU, is being considered more and more as a promising way for
decarbonization as generating a new revenue stream from the captured CO2 that can improve the costeffectiveness of CO2 capture. Possible products are e. g. construction materials, chemical building
blocks such methanol, polymers, and transportation fuels. However, there is still a lack of knowledge
and robust methodology to assess the resulting GHG mitigation that would be obtained in such
systems, when also the product usage and/or circularity as well as the need for green power in the
production are taken into account. Another aspect raised is the importance of integration into existing
industrial processes. Some CCU applications need complete new industrial parts or major changes in
existing ones. This aspect should be highlighted more. In addition, there are still big uncertainties
about the value of products from CCU plants e. g. future policy instruments to support such systems
are still unclear.
Acceptance
Although public acceptance of technologies is not a core part of the IEA IETS TCP, a discussion in
this important topic was conducted.
The issue of public acceptance for CCUS, especially CCS, was discussed, as the sustainability of
storage systems as well as of implementing a bridging technology (with risk for accepting fossil fuels
for a long time) are still controversial and much discussed. It was argued, that maybe BECCS
(discussed in a system perspective in Session 3) can make the technologies for CCS more accepted.
Direct Air Capture
This measure for GHG mitigation was mentioned in some presentations and in the group discussions
as a potentially interesting strategy. Also, the inherent problems for the economy based on the
extremely low CO2 concentration leading to very large and costly capture units were emphasized.
Further work will establish in what degree this technology can contribute to deep decarbonization in
society. This interesting technology is for the moment not central for IEA, IETS, as there is almost no
direct connection to industrial energy and process systems. However, further development could make
it interesting for our TCP when it is seen in an industrial system perspective.
Possible collaboration in IETS:
A number of items listed below should be discussed with the IEA Greenhouse Gas R&D Programme
in order to avoid duplication and to find possible cooperation. The IETS responsibility is mainly in
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areas dealing with industrial consequences/opportunities when introducing CCUS into process
industry systems:
•

Ongoing and planned work internationally and nationally to facilitate the introduction of
necessary CO2 collection/distribution (i.e. pipeline) and storage infrastructure.

If the work will incorporate mainly industrial symbiosis aspects for large regional infrastructure
systems, it would be highly relevant within IEA IETS.
•

Use of industrial excess heat to reduce the energy consumption for absorbent/adsorbent
regeneration in the capture plant.

The work could include surveys and applied R&D on opportunities and system consequences of using
excess heat for cost reduction. Work on absorption fluids and solid sorbents suitable for lowtemperature excess heat and the possible influence on the potential would also be an interesting part.
•

CCU Systems

Several aspects related to CCU systems could be included in international work in this area. Examples
include real GHG mitigation potentials for different CCU systems as already identified by the IEA in
its "Putting CO2 to use" report, but also how to put value on CCU products (not IEA, IETS core
business) and need for new production processes in existing plants.
Process integration aspects were discussed in Session 3 and the important aspect of public acceptance
is outside IETS TCP areas.
•

Direct air capture

Regarding direct air capture, which in the future could be an own industry type, Understanding of the
conditions required to develop DAC(S) at large scale and the implications at system level (for instance
regarding availability of green energy, land, infrastructure) should be of high importance

Electrification
Electrification is unanimously recognized as a major measure for deep decarbonization in industry.
Application areas are wide, including direct replacement of fossil fuel usage and novel processes based
on electric power. It also involves the production of new products using power, “P2X”, such as green
hydrogen, ammonia, CO2-based products like transportation fuels, or materials or intermediate
products.
The following important aspects were raised and discussed in the presentations and the group
discussions:
Process electrification requires massive amounts of green electricity, fully or to a high extent. This
means a close connection with power system R&D as a decarbonized electric grid with significant
increase in green power production is needed. An important part of that is the capacity development of
power generation and distribution systems and the timing on which this need to occur to facilitate
electrification of industrial processes. This coupling between the industry and power systems sectors is
therefore important to develop further, both in R&D work and in industrial cooperation projects,
including new business models and cases.
Implementation of industrial electrification technologies and systems means considerable changes in
industrial energy and process systems. Hence, process integration aspects are crucial. This was
discussed in Session 4.
As a significant part of green power most probably will be produced intermittently using solar and
wind energy, there will be a mismatch between supply and demand in many cases. Short-term storages
will therefore be necessary. One important way for such storages is accumulators using hydrogen as
energy carrier. Ammonia is also being considered as an alternative to hydrogen as energy carrier since
it has a higher distribution and storage capacity.
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The sector coupling, together with intermittency aspects in future power systems, make digitalization
and artificial intelligence very important for real time energy analysis and optimization. Although
work is ongoing, a strengthening of R&D in this area is of high importance.
Possible collaboration in IETS:
A new annex in the area of industrial electrification has recently started within the IETS TCP. In the
first part of this annex, interested groups and areas for international networking will be identified.
Thereby, possible cooperation or information exchange with some other IEA collaboration areas will
be discussed, notably with the hydrogen, power systems and power short-term storage areas.
Hence, aspects of importance, identified in the workshop and discussed above, will be included in this
newly started international cooperation.

Session 3: Industrial Systems
Chair: Rene Hofmann, Vienna University of Technology and AIT, Centre for Energy, Austria
Speakers:
•

Can we know what we don’t know? Using ex-ante technology assessment for technology
development and deployment
Andrea Ramirez, Delft University of Technology, the Netherlands

•

Systems aspects of new technologies for decarbonisation of industrial processes
Philippe Navarri, CanmetENERGY, Natural Resources Canada

•

Negative Emission Technologies for Deep Decarbonization in Industry
Tobias Pröll, University of Natural Resources and Life Sciences, Vienna, Austria

•

Towards Deep Emission Cuts through Industrial Symbiosis
Filip Johnsson, Chalmers University of Technology, Sweden

Abstracts
Can we know what we don’t know? Using ex-ante technology assessment for
technology development and deployment.
Andrea Ramirez Ramirez, Prof. dr., Delft University of Technology, the Netherlands
Moving towards fully carbon neutral industrial sectors will require the deployment of novel
technologies that in many cases are currently in their infancy (e.g., at proof of concept or lab level).
Decision makers, both in industry and research, are confronted with a large and increasing number of
potential options that (if further developed) could be used to decarbonized value chains. As the
number of options increases, early identification of potential winners, i.e., products, processes and
chains that are (or could be) technically and economically feasible and environmentally sound, is a
priority. This is particularly critical because new processes are not inherently more efficient or
environmentally sound than their fossil-based counterparts. In this presentation I will discuss how Exante technology assessment can provide knowledge suitable for actively shaping technology
development. Using lessons learned from case studies, I will illustrate the challenges faced when
assessing early technologies, the impact on technology selection, plant configuration as well as
economics.
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Systems aspects of new technologies for decarbonisation of industrial
processes
Philippe Navarri, Manager, Eco-efficient process development, CanmetENERGY, Natural Resources
Canada
Energy-efficient low-emitting technologies are an essential component for deep decarbonisation of
industrial processes. However, the introduction of novel technologies pauses important challenges
from a system perspective by creating a different energy balance. Expected emissions reductions of
novel technologies would be achieved if system interactions of such technologies are well-assessed
prior to their implementation using advanced process integration and energy efficiency techniques.
Also, process electrification, smart interactions with the grid and new demand response programs are
expected to play an important role for the decarbonisation of industrial processes. Moreover, probable
future changes in policy instruments are likely to make traditionally non-interesting solutions more
attractive and economic. In this context, the system aspects of effective and highly energy-efficient
process design are critical and will be discussed in this presentation.

Negative Emission Technologies for Deep Decarbonization in Industry
Tobias Pröll, Professor of Energy Technology, Department of Material Sciences and Process
Engineering, University of Natural Resources and Life Sciences, Vienna, Austria
The vast majority of forecast studies meeting the Paris COP’21 target of < 2°C temperature increase
rely, in addition to sharp cuts on fossil CO2 emissions, on the implementation of technologies to
effectively remove CO2 from the natural carbon cycle. Apart from land-use change measures such as
afforestation, several distinct technological approaches are available to obtain net carbon sinks, socalled negative emission technologies (NETs). Examples are bioenergy with carbon capture and
storage (BECCS), direct CO2 capture from ambient air (DAC) linked to CO2 storage, biochar storage
in soils, enhanced weathering and ocean alkalinisation. The overall potential of the different
technologies is influenced by limiting factors such as land area for biomass production or the
availability of carbon-neutral energy. Techno-economic applicability ranges can be discussed
depending on hypothetic biomass, energy and CO2 certificate costs. While BECCS is attractive where
biomass is readily available and base-load energy is demanded, DAC requires availability of low-cost
energy.

Towards Deep Emission Cuts through Industrial Symbiosis
Filip Johnsson, Professor and Simon Harvey, Professor, Department of Space, Earth and
Environment, Chalmers University of Technology, Sweden
This presentation discusses challenges and opportunities related to transformative CO2 emission
mitigation measures. The presentation will exemplify with results from the Swedish industry and
discuss challenges and opportunities with implementing transformative mitigation technologies as well
as how these can be financed in relation to current policy measures, such as the European Emission
Trading Scheme (EU-ETS). Two views which may facilitate a transformative change in industrial
systems are discussed: 1. The principles of industrial symbiosis by which industrial plants should be
interconnected with each other as well as with the surrounding system as much as possible, such as to
achieve maximum overall energy and material efficiency benefits. 2. To apply a value chain
perspective, which can help establishing new financing strategies along value chains lowering the risk
for investments in capital intensive mitigation technologies; examples from value chain analysis are
given from the steel and cement industry.
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Main Conclusions
•

Due to the need for radical changes to achieve a deep decarbonisation of the industrial sectors,
process integration and other system-oriented methods should play an important and possibly
enhanced role in identifying complex interplay between novel and traditional technologies in
both existing and new processes.

•

Ex-ante evaluation methods (including prospective LCA), now being developed, will help
decision-makers in industry and governments substantially in identifying robust long-term
solutions, both in terms of economy and climate.

•

Systems for negative emissions in industry are seen as increasingly important for maintaining
the atmospheric CO2 at an acceptable level. Opportunities for this and possible system level
solutions have so far not been studied in much detail, although the potential especially in biobased industrial systems is huge and should be further investigated.

•

The importance of industrial symbiosis, where industries exchange feedstocks and resources
including industrial excess heat, is not fully understood or explored leaving another large
potential unexploited. In order to use this to its full capacity, new business models and new
system thinking in industry is needed. However, it is recognized that risk mitigation measures
are needed to introduce flexibility and reduce dependency between facilities in case of, for
instance, unexpected shutdowns in one facility.

Discussion and suggestions for further work
The main system-oriented measures, discussed in this section were Process integration, Ex-ante
analysis, Negative emissions and Industrial symbiosis.

Process Integration
In this context, “process integration” refers to the methods, algorithms and approaches for identifying
optimal integration solutions between industrial process parts (pinch analysis, mathematical
programming, etc), which have been developed in recent decades. Although process integration is
considered a mature system approach, used in most industrial sectors globally, this powerful process
design methodology will probably be of increasing importance for the radical structural changes in
industrial energy and process systems, which are needed for deep decarbonization. Efficient
implementation of novel technologies and systems (CCUS, biorefineries, electrification, storage
systems, industrial symbiosis, systems for negative emissions, etc.) as well as more efficient
“conventional” technologies, will be a challenge, for which process integration methods and tools will
be crucial and will play a critical role to maximize the benefits from these systems.
There is a lack of good and detailed industrial energy system descriptions. Such descriptions are very
valuable in cooperation between research groups, comparisons of design and optimization methods
and evaluating possible future system designs economically and environmentally at different
conditions. Also, minimization of security and operability risks are important aspects in process
integration work.
Industries sometimes plan for “low hanging fruit” first and then plan for the more complex changes.
This creates a risk for a lock-in effect that limit or prevent future improvements, i. e. a suboptimization stepwise instead of system optimization based on a strategic planning. Process
integration and ex-ante evaluation (see below) are important tools in the strategic planning.
Possible collaboration within the IETS TCP:
When the IETS TCP was formed, several earlier TCPs were merged into one broader TCP, among
them Process Integration. An IETS TCP international expert workshop on process integration was held
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in 2017 to highlight the role of process integration in greenhouse gas mitigation in industry (available
on the IETS TCP homepage). International cooperation in this area could include:
•

New methods for process integration of novel technologies.

•

Strategic planning of complex industrial systems, taking future conditions into account with
ex-ante based scenarios.

•

Development of an international database for industrial energy system examples. In IETS
Annex XV on industrial excess heat, such a database is being developed for excess heat
purposes.

•

Security and operability risk minimization in well integrated industrial systems.

Ex-ante evaluation
Due to the need for deep decarbonization, new technologies and systems are being developed, for
which real performance and techno-economic characteristics are not yet fully known. At the same
time, planning for radical changes in industrial systems must be done in parallel with the development
of knowledge for new solutions. Hence, system planning must be done considering some uncertainties
regarding future characteristics. Furthermore, the systems planned today, will be implemented in
maybe 5-10 years (or even more) and must have a long lifetime thereafter. This means, that evaluating
future industrial systems with today’s conditions regarding policy instruments, energy costs,
technology characteristics, surrounding systems, etc. will inevitably lead to the inaccurate or wrong
conclusions and decisions. This is true both for economic and environmental aspects.
Ex-ante, although originally used in economic science, is now being increasingly used to define a new
scientific development of methods for dealing with future uncertainties, using scenarios for evaluation.
Thereby considerably better bases for strategic decisions for industrial and governmental decisionmakers can be achieved.
In the discussions, the importance of ex-ante methods to identify optimal use of new technologies,
improve long-term strategic decisions, screen of different pathways and reduce uncertainties was
stressed.
Possible collaboration in IETS:
•

Development and sharing of ex-ante methods for identification of optimal use of new
technologies, for improving long-term strategic decisions, for screening of different pathways
and for reduction of uncertainties

In IETS, a new task in Annex XI on Industrial Biorefineries, is under development, in which ex-ante
and decision support systems (DSS) will be developed.

Negative emissions in industry
Negative emissions are considered necessary for keeping the global temperature increase at a
reasonable level. One major way of achieving this is through carbon capture and storage in biogenic
systems known as BECCS. For the industry sector, the current and future use of biomass as fuel and/or
feedstock creates opportunities for negative emissions. The pulp and paper sector already uses large
amounts of biomass as fuel to generate steam and power and would be a sector of choice to implement
BECCS. Potential for using biomass also exist in other sectors such as cement and steel and represent
future opportunities for BECCS. In many cases such industrial plants are large and complex and
effective integration between capture systems and other processes can improve the techno-economic
opportunities, which means that industry-based negative emission systems should be of high interest.
In order to get a high impact from industrial BECCS systems, future products from those industries
should be “carbon-lean”, so that as much biogenic carbon as possible can be stored, or be transformed
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into materials with very long life-times. This aspect was mentioned as important for future R&D in
this area.
Possible collaboration in IETS:
•

Opportunities for negative emissions in different types of industry and consequences for the
industrial energy systems

•

Consequences on future bio-based industrial systems with “zero-emitting” products, i. e. new
products will influence processes and energy balances in industry. This will have a direct
impact on the resulting GHG mitigation level for new products and should therefore be better
understood.

•

Understanding the potential of negative emissions in the different industrial sectors and the
system conditions required

Industrial symbiosis
Industrial symbiosis has a high potential for GHG mitigation. Through cooperation between industries
or industry-society, large energy savings as well as the clustering of large CO2-emitting sources
(which would make CCUS or BECCS systems practically possible) can be achieved. Due to legal
issues, operational constraints, lack of tradition of cooperation, lack of detailed knowledge of the
energy systems in question, lack of innovative business models, many opportunities, even economic
with today’s conditions, are not realized.
Different types of industrial symbiosis are:
•

Physical connection for heat or electricity distribution between adjacent industries (or
introducing a new industry beside an existing one).

•

Distribution of industrial excess heat to a district heating/cooling system.

•

Transfer of intermediate products (e. g. bio-based ones) between industries (even sometimes
with large distance from each other).

•

Economic cooperation and development of business models between industries in a new value
chain.

For identifying synergy opportunities for heat, power and resources management in industrial
symbiosis, a systems level approach based on process integration and ex-ante methods should be of
high importance.
Possible collaboration in IETS:
•

Process integration and ex-ante methods for industrial symbiosis systems.

•

Business models for industrial symbiosis systems.
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Session 4: Industry in a Circular Economy
Chair: Philippe Navarri, CanmetENERGY, Natural Resources Canada, Canada
Speakers:
•

Material Efficiency in Clean Energy Transitions Tiffany Vass, International Energy Agency

•

Circular economy as a driver of deep decarbonization in industry Mika Sulkinoja, Sitra (the
Finnish Innovation Fund), Finland

•

Scenarios for net-zero emission basic materials processing industries in the EU Stefan
Lechtenböhmer, Wuppertal Institute, Germany and Lund University, Sweden

Abstracts
Material Efficiency in Clean Energy Transitions
Tiffany Vass, Energy Analyst, International Energy Agency
Materials produced by industry are the building blocks of society, making up the buildings,
infrastructure, equipment and goods that enable businesses and people to carry out their daily
activities. Economic development has historically coincided with increasing demand for materials,
resulting in growing energy consumption and CO2 emissions from materials production. Clean energy
transitions must decouple these trends.
Despite being an often-overlooked emissions mitigation lever, material efficiency can make an
important contribution to industry CO2 emissions reduction. Applying material efficiency strategies
across value chains can enable considerable reductions in the demand for several key materials, while
also maximizing potential for lower-emission secondary production routes. In some cases, material
efficiency may moderately increase demand for some materials while delivering favourable emissions
benefits at other points in the value chain. Going forward, improved material efficiency can reduce
some of the deployment needs for other industry CO2 emissions mitigation options while achieving the
same emissions reduction, thus contributing to clean energy transitions.
This presentation will summarize the key findings of the recently released IEA publication, Material
Efficiency in Clean Energy Transitions. The analysis examines the global potential for material
efficiency and the resulting energy and emissions impact for key energy-intensive materials - steel,
cement and aluminium. It concludes with key policy and stakeholder actions to improve material
efficiency.

Circular Economy as a Driver of Deep Decarbonization in Industry
Mika Sulkinoja; Leading Specialist, Carbon-Neutral Circular Economy, Sitra, the Finnish Innovation
Fund, Finland
The use of materials is growing globally, and so are the associated emissions. Today, a few key
materials – steel, plastics, aluminium and cement – account for 20% of global emissions. If their use is
unchecked, the emissions from the use of these materials alone will cause a global warming of two
degrees – even with best available technologies and emission-free energy. Therefore, significant
changes are required in the way materials are produced, used and disposed of. Circular economy can
reduce emissions and offer a competitive advantage to pioneers in these sectors, and measures to scale
up circular economy are necessary in order to push us to a pathway compatible with the Paris
Agreement.
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Scenarios for Net-Zero Emission Basic Materials Processing Industries in the
EU
Stefan Lechtenböhmer, Prof. Dr., Wuppertal Institut, Germany & Lund University, Sweden
By providing basic materials such as steel cement, plastics processing industries are producing over
500 Mt of CO2 in the EU per year. The presentation will cover core strategies on deep emission
reductions for such industries, which cover demateralisation and increased recycling as well as novel
RES based production technologies for core bulk materials. It will briefly touch the investment as well
as the infrastructure needed for such strategies and indicate respective policy needs.

Main conclusions
•

Recycling of materials in a circular economy perspective should be developed considerably as
a strategy for decarbonizing the industry. By doing so, the product lifetime is increased (with
the same or different function), the energy use is lower than for producing new product, and
for carbon-based products the carbon retention time is also increased.

•

Many products currently pose important challenges regarding their recyclability (i.e. quality,
composition) and new products suitable for recycling and corresponding processes should be
developed. However, knowledge about system consequences for industrial processes with
recycling and new materials is not totally understood and should be improved.

•

Current infrastructure to facilitate the collection, reprocessing, reuse and recycling should be
redesigned in a symbiotic way to improve the overall efficiency and reduce the overall cost.

•

To achieve further decarbonization, synergy between circular economy and renewable energy
in industry should be identified for different processes and industry types for which improved
or new infrastructure for hydrogen, heat, CO2 and residues are needed.

Discussion and suggestions for further work
Recycling
The need for more recycling was highlighted as a key approach to close the carbon loop. Obvious
examples are scrap metal, plastics, wood waste, glass. Food waste can also be recycled to produce
energy and fertilizer through anaerobic digestion. More work should be performed in the areas of
labelling and legislation in order to promote the use of recycled material. Also, other policy instrument
measures are of importance such as a higher price for virgin material when a recycled (or made from
recycled feedstock) exist. Knowledge and knowledge transfer should be improved to show case
successful approaches and identify reasons why some societal regions do much better in recycling than
others.
Possible collaboration in IETS:
•

Consequences for industrial processes of using recycled feedstock and materials.

•

System perspective of industrial symbiosis towards highly efficient eco-industrial park.

New Materials and Products
In addition to product recycling in society, the need for changes and new technologies in industry for
dealing with new or recycled materials should be better understood. Scrap metal in the iron and steel
industry and recycled glass in the glass industry are common practices in these industries but there is a
need for developing technologies and systems for e. g. plastics and biomass of different qualities.
Improved technologies are also needed for increasing the number of recycling cycles for products that
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are already recycled. These products and processes need to be assessed economically and
environmentally (including resulting system GHG mitigation) and from a societal perspective.
Products should be designed for increased recyclability while having the same properties in a better
way than they are today. Also, opportunities for reduction of the amounts of construction materials in
buildings, without jeopardizing safety, should be investigated. Infrastructure systems as well as
industrial symbiosis will be very helpful in future circular ecenomy.
Possible collaboration in IETS:
•

System perspective of new materials and products designed for easy recycling and
consequences on the energy infrastructure and industrial symbiosis with co-located industries.

Circular Economy and Novel Business Models
Circular economy and renewable energy are two important strategies towards decarbonization in
industry, together with highly efficient technologies and optimized process designs. It is important to
better understand possible synergy between these approaches.
Circular economy for industry involves several stakeholders including industries, utility companies, all
local, regional and national governments, and consumers. This means that the development of new
business models is of high importance, which takes all parts of the value chain into account. Also,
system knowledge and the GHG mitigation share from each stakeholder along the value chain should
be established for successful implementation of such circular systems.
Possible collaboration in IETS:
•

Innovative business, energy and environmental models for collaboration between industries in
a circular economy perspective.

•

Synergy between circular economy and renewable energy systems in an industrial perspective.

Session 5: Innovation, Business Models, Risk
Chair: Chris Bataille, IDDRI, Paris and Simon Fraser University, Canada
Speakers:
•

Policy responses to carbon lock-in in the Dutch chemical industry
Heleen de Coninck, Radboud University, the Netherlands

•

Industry as prosumer in the new energy system
Horst Steinmüller, Energieinstitut an der Johannes Kepler Universität Linz, Austria

•

Financing the decarbonisation of industry
Kristian Uppenberg, European Investment Bank

•

Policy packages for deep decarbonisation of energy intensive materials sectors
Oliver Sartor, Institute for Sustainable Development and International Relations (IDDRI),
France
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Abstracts
Policy responses to carbon lock-in in the Dutch chemical industry
Heleen de Coninck, Associate Professor, Radboud University, the Netherlands
In response to the Paris Agreement, the Netherlands aim to reduce GHG emissions by 95% in 2050
compared to 1990. This will also apply to the large chemical and petrochemical industry in the
Netherlands, which is mainly organised in a small number of large industrial clusters, the Rotterdam
harbour area being by far the biggest and most well-known. Policies are being crafted to help and
force industry to decarbonise. For instance, for political reasons, a carbon tax is now considered,
specifically for industry, on top of the carbon price already imposed by the EU emissions trading
scheme. However, such policies tend to assume that industry responds to a price signal without delay
and has limited consideration for the possibility of carbon leakage, the need for a viable long-term
business case and the carbon lock-in characteristics of the chemical industry. This talk presents
interview-based research that disentangles the mechanisms of carbon lock-in in the Dutch chemical
industry, gives an overview of recent industry-relevant climate policy developments in the
Netherlands, and concludes with a discussion of possible policy responses that could help solve carbon
lock-in.

Industry as prosumer in the new energy system
Horst Steinmüller, Prof. Dipl.-Ing. Dr., Energieinstitut an der Johannes Kepler Universität Linz,
Austria
Since the replacement of fossil energy sources by renewable ones is only part of the solution for the
conversion of our energy system, the reduction of primary energy use is an important task. The use of
waste heat from industrial plants must therefore be increased. The production of renewable energy at
the industrial sites will also be necessary, as significant cost reductions can be achieved by using
existing infrastructure. At present, however, there are barriers that impede these developments.
Proposals for solutions to dismantle these barriers are being discussed.

Financing the decarbonisation of industry
Kristian Uppenberg, Head of Division, European Investment Bank
Decarbonisation of industry, and of energy intensive industry in particular, will in coming decades
require very substantial investments in new production technologies, production capacity and
renewable energy production, transmission and storage. Mobilising the required financing for these
investments will provide an important complement to incentives for such investments stemming from
changes in regulation and taxation and from shifts in final demand and relative costs of energy and
other inputs. This presentation will concentrate on the role of financing as an enabler of this transition
in Europe, including traditional bank financing, capital markets, and EU grants and loans, with a
particular focus on the role of the EIB Group.

Policy packages for deep decarbonisation of energy intensive materials
sectors
Oliver Sartor, PhD, Senior Research Fellow, Institute for Sustainable Development and International
Relations (IDDRI), France
This presentation will focus on the question: "what are the essential conditions that need to be in place
in order for energy intensive basic materials sectors to develop decarbonised products and processes at
a meaningful scale? And what policy options exist to create these conditions?" It will focus in
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particular on the cement and concrete, steel and aluminium sectors. Equal emphasis will be given to
demand and supply side options.

Main Conclusions
•

Possible lock-in effects, accentuated by the need for capital & planning intense and risky
industrial conversion, can be substantial. Knowledge about how to avoid such effects should
be improved.

•

Climate risk, be it regulatory, market driven, or direct damages, is a new dimension in risktaking. Examples are future uncertainties about technical economic and climate consequences
for new technologies/systems as well as uncertainties about e. g. future policy instruments and
social acceptance. Risk-sharing and governmental responsibility are important aspects to
develop further.

•

Both pilot and commercial scale demo plants are crucial for industrial acceptance of new
technologies. However, such plants are expensive and available funding is by far too small.

•

Governments should have a big role in accelerating new investments in industry at all stages
in the innovation and commercialization process. This role is directional and financial. A key
factor for this is also cooperation between countries and industry types. Experiences of
different approaches and types of policy instruments should be shared internationally.

Discussion and suggestions for further work
All areas discussed below are of high importance for the industrial conversion. They are only partly
central for the IETS TCP. Cooperation with for example the User-Centred Energy Systems TCP
(Users TCP, formerly Demand Side Management, DSM) should be discussed.

Lock-in effects
Lock-in effects come in many forms, be they: long economic lives to amortization, infrastructural, or a
given firm or facility’s position in a high value supply chain. They hinder optimal design and use of
novel technologies/systems. Examples that were mentioned included: existing assets (always being a
lock-in effect in radical change situations that require a shift in less than a given facility or processes
amortization lifetime); the temptation of grasping low-hanging fruits first, e.g. a coal to methane shift
with no plan to reduce further, e.g. via hydrogen (which can result in very suboptimal solutions
compared with strategic thinking); short-term and fluctuating policy instruments (resulting in wrong
decisions seen in a longer operating time perspective)
Possible work in IETS:
•

Investigation and review of planning methods for minimizing lock-in effects in strategic
decision-making.

Risks
The risks in connection with novel solutions and radical changes in industrial systems are an important
reason for the slow introduction in industry. It was mentioned that the climate risk is a new dimension
in risk-taking. Many novel solutions are not economic today from an industry perspective. Hence,
future policy instruments will play an important role for the introduction of novel
technologies/systems.
Uncertainties about future developments in government targets (less so now with the EU net-zero
target) and the implementing policy instruments make strategic investments for GHG mitigation in
industry vulnerable and risky. Future policy instruments in one region may increase the risk for carbon
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leakage to other regions with other policy instruments. Furthermore, novel solutions are always
connected with risks for higher costs/worse performance than expected.
Possible further work internationally:
•

International experiences and new approaches for risk minimization of novel systems, e.g. the
UK Offshore Wind Accelerator, the EU Ultra Low Carbon Steel program (ULCOS), and the
US DOE ARPA-E.

Demo plants
There is a big need for resources for demonstration plants for new technologies, to meet both CAPEX
and OPEX. A general experience is that OPEX aspects and aspects regarding interlinking between
new technologies and existing ones should be planned in more detail in future plants; output-based
contracts for difference can help meet this gap. The role of governments and investment banks, e.g. the
European Investment Bank, is important in this respect. However, the available amount of money is
far lower than what is needed.
Possible further work internationally:
•

Sharing of experiences from demo plants regarding investment and operational aspects.

Possible solutions for accelerating new investments
•

Collaboration is a key factor for success regarding new investments for GHG mitigation.
Collaboration between industries and countries about new knowledge/new developments of
novel solutions should be enhanced. Also, new innovative models for collaboration in order to
share risks and diminish the valley of death problem should be developed, again, e.g. the UK
Offshore Wind Accelerator.

•

In collaboration, risk-sharing and information exchange, governments should have a big
responsibility. Measures and approaches for this should be developed and discussed more
internationally.

•

Experiences with procurement and ecolabelling for accelerating developments and reducing
risks are very good. Information exchange and collaboration between countries about such
approaches should be developed.

•

Banking and innovation fund opportunities for companies should be enhanced, e. g. for
overcoming the “valley of death”.

•

Systems like the ETS one in EU should be developed in a way that they have a real impact on
new investments with e.g. much increased carbon pricing.

•

A better understanding of the need for investments e. g. nationally, sectorally and different
stages of innovation, should be developed and time schedules should be identified via scenario
studies.

•

Infrastructure development for e. g. CO2, H2 or excess heat would create good opportunities
for new investments in industry.

Possible further work internationally:
•

Consequences on the industrial willingness to directly and proactively participate in new and
novel future policy instrument developments

•

International experiences of approaches for risk-sharing, ecolabelling, procurement and other
policy instruments for accelerating new investments.

•

Studies on the importance of infrastructure developments for the willingness to invest.
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Session 6: Policy, Strategy, International Cooperation
Chair: Elvira Lutter, Climate and Energy Fund, Austria
Speakers:
•

Industrial policy respecting the necessity of zero emissions
Lars J. Nilsson, Lund University, Sweden

•

Policy challenges and opportunities in decarbonising industry
Sabine Fuss, Chalmers University of Technology, Sweden

•

Deep decarbonisation for Indian Industries: reflections on policy, strategy and international
cooperation
Joyashree Roy, Asian Institute of Technology, Thailand

Abstracts
Industrial policy respecting the necessity of zero emissions
Lars J. Nilsson, Professor, Environmental and Energy Systems Studies, Lund University, Sweden
Net-zero is technically possible for the emissions intensive industries and the goal of net-zero is
(slowly) being accepted by industry (depending on subsector and region). It entails changes across
value chains, from primary extraction and conversion to reducing demand in the context of a more
circular and material efficient economy. It also entails new value chains and coevolution of enabling
infrastructure (e.g., with growth of emissions free electricity demand in strong grids) and the
coevolution of technologies, systems and institutions. At present, these industries typically pay no or
very low energy taxes and where carbon pricing exists (e.g., in the European Trading Scheme) they are
sheltered through free allocation of emission permits and potentially otherwise compensated.
Transition of industry to net-zero emissions requires broad and sequential industrial policy strategies
as well as governance at different levels from international to local, and across traditional policy
domains (e.g., from climate policy to regional development and innovation).

Policy challenges and opportunities in decarbonising industry
Sabine Fuss, Prof. Dr., Mercator Research Institute on Global Commons and Climate Change,
Humboldt University of Berlin, Germany
The European Commission has called for a climate-neutral Europe by 2050 in the European Union’s
new long-term strategy. The Swedish climate law prescribes CO2-neutrality by 2045 and CO2-negative
thereafter. The UK is now the first G7 country with a legally binding commitment to achieving netzero emissions by 2050. The list is expanding quickly and these ambitious goals of climate neutrality
naturally incorporate industry. This presentation will first offer a brief analysis of the 1.5°C pathways
of the recent IPCC Special Report on 1.5°C Global Warming, showing that a major share of the
additional emission reductions required for 1.5°C compared to 2°C comes from industry. An important
contribution to this is made by CCS, which reaches about 3 Gt CO2 per year by 2050. Slower
decarbonisation will evidently require the removal of CO2 from the atmosphere to achieve climate
neutrality. Yet, policymaking has been faced with many challenges ranging from low public
acceptance of CCS, to competitiveness arguments against more stringent carbon pricing regimes, and
so on. This presentation will not only address the challenges to policy, but will also explore new
opportunities of entry points towards deep decarbonisation in industry.
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Deep decarbonisation for Indian Industries: reflections on policy, strategy and
international cooperation
Joyashree Roy, Bangabandhu Chair Professor, Asian Institute of Technology, Thailand
Relative decoupling between emission and industrial growth is happening in India compared to the
year 1990-91. 2005-2006 is the only year when Indian economy experienced a strong absolute
decoupling from its previous year with change in emission (∆C/C) being negative at -0.023 owing
mainly to reduced coal use in steel and cement industry. This strengthens the argument of need for fuel
switch. Coal still dominates the primary energy source in major energy intensive industries in India.
Studies show that cost effectively there cannot be single strategy to attain deep decrabonisation. There
is need for technology deployment strategy, carbon price, electrification with decarbonization of
electricity generation, role for new fuel/feedstock, promoting product substitute. Existing policy is
now covering only lowering fossil fuel intensity. There is no policy for CCS demonstration project,
hydrogen production and introduction. Learning from long history of process efficiency in energy use
through market mechanism tells that left to market mechanism time bound transformative change
cannot be guaranteed. It is now without any delay strategic technology learning collaboration at
multiple levels need to be undertaken while some will be at sector level others technology level given
cross cutting nature of the technologies. New financial mechanisms across sectors/nations are to be
worked out.

Main conclusions
•

Policy instruments for CCUS are unclear and one of the reasons for the slow development of
this technology. Examples are policies for fossil, biogenic and direct-air CO2 and
responsibility-distribution for CCU.

•

Regional policy systems can lead to “CO2 leakage”. Mechanisms for avoiding this should be
developed.

•

A holistic infrastructure view, including benefitting from existing structures and industrial
symbiosis is a key issue.

•

Openness, global trade, standardization and governmental involvements are of high
importance.

•

The relatively low degree of international global cooperation on industry (compared with
some other sectors) should be improved.

Discussion and Suggestions for Further Work
A holistic view on infrastructure should be developed. This includes taking benefit from existing
industrial infrastructure, identifying large point sources and using industrial symbiosis.
Global trade, standardization, openness between countries and industries are key issues. In this
development, governments should have a big responsibility.
In developing countries, SMEs and rural industrial infrastructure can be of high importance for
decarbonization activities.
A regional regulation system, like ETS, runs the risk of leakage to areas without such a system,
resulting in a “deindustrialization” in that region. An important question is therefore how to avoid such
a development.
There is international global cooperation on many areas, e.g. cities and renewables in Mission
Innovation, but very little on industry in addition to IEA (although the Leadership Group on Heavy
Industry has been launched in UN Climate Summit). This situation should be improved, given the high
importance of this sector.
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There are many question-marks regarding policies and regulations for CCUS, which complicate the
introduction of such systems. Examples from the European ETS system are:
•

CCUS systems will in many cases involve several stakeholders along a value chain. But it is
not clear who shall be paid, the actor capturing the CO2 or the actor storing it?

•

The question of who should bear liability for the use of CO2 downstream from an ETS
installation remains open. This will need to be clarified. Policies for a distinction between
fossil-based and biogenic-based CO2 captured as well as CO2 captured from the air should be
developed. This problem is one of the reasons for the slow development of negative emission
activities in the industry sector.

•

A key issue for CCU development is how to ensure sufficient demand for CO2, in a long-term
perspective for storing CO2 permanently or for using it in a circular value chain. It is therefore
important not to exaggerate the potential for CCU in a transition to climate neutrality.

Possible collaboration in IETS:
•

CCU technologies and identification of such systems with sustainable treatment of CO2.

•

Scientific studies on how different policies could impact the real GHG mitigation
opportunities for fossil, biogenic and direct-air CO2 in different time perspectives, as a base
for governmental or regional policy decisions.

•

Support activities in IEA for more direct cooperation between industries and countries.

Although being of very high importance, the other issues highlighted above are not core issues for the
IETS TCP.

Session 7: General Discussion
In the general discussion at the end of the workshop, several of the points discussed in the different
sessions were highlighted and further commented. Also, important general obligations in international
collaboration were identified.

Roadmaps
Roadmaps by industrial sectors, governments and societal actors are important for creating a common
view among stakeholders on how to proceed towards deep decarbonisation of industries in certain
countries or regions. They also create transparency about strategies, needed infrastructure development
as well as investment and policy challenges. Thomas Gourdon, ADEME, France, gave a short
presentation of a suggestion for a new annex in IETS about international collaboration on roadmaps in
industry. There, and in the following discussion, it was concluded that roadmaps are very valuable for
policy, industry and the financial sector. Roadmaps are produced at different levels in industry,
nationally and internationally (e. g. IEA), but so far with a strong focus on Europe. Besides regional
expansion there is a need for sharing existing roadmaps and studies, and for analysis and
understanding of e. g. the influence of different national and regional conditions. This suggestion will
be further discussed in the IETS ExCo. There is also a need for intensive, staged policy and financial
roadmaps for each sector to accompany the physical roadmaps.
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Technologies and Systems
The main technologies, included in the workshop presentations and that complement industry-specific
technologies presented in the Roadmaps session, are all important areas, in which further international
work is crucial. In addition to these, i. e. CCUS, electrification, hydrogen production and storage,
digitalization and AI, and biorefineries, also industrial solar heating and short-term energy storage
should be mentioned.
For all these technologies, the system aspects and the understanding of future huge consequences for
industrial energy systems are of special importance. Hence, process integration, respective scenario
development and ex-ante evaluation as well as opportunities for negative emissions and industrial
symbiosis should be included in the international collaboration. However, several technologies will
significantly increase the use of electricity and massive amounts of renewable electricity is needed so
that a decarbonized power grid is a prerequisite.
In the IETS, there exist today one networking collaboration about decision support systems and exante evaluation for industrial biorefineries (and discussions with IEA, Bioenergy), one on
digitalization and AI for energy efficiency and GHG mitigation and one on industrial electrification. In
the area of CCUS in industry, IETS has arranged a workshop jointly with IEA, GHG but there is no
ongoing or planned annex in this area. For CCS, system and integration studies are of special interest
for IETS. In addition, there is a need for new types of processes/industries for CCU.
Sector integration, in which industrial symbiosis is a part, was recognized as an increasingly important
aspect for societal GHG mitigation. Important examples are the increasing need for interplay between
industry, power system, transportation and building sectors (both directly and intermediated by e. g.
hydrogen). Hence, an international platform for sector integration should be developed. This should be
discussed within IEA and would mean a close collaboration between the IETS TCP and several other
IEA Technology Collaboration Programmes.

GHG mitigation consequences
The real GHG mitigation consequences of different measures are complex due the various interactions
and there is an important need for improved knowledge as well as international knowledge transfer in
this area. These consequences depend on the whole value chain in transformation projects as well as
on future changes in conditions in both the “foreground” (e. g. industrial) system and the
“background” (e. g. surrounding, electricity grid) system. Hence ex-ante and process integration are
important parts for understanding real future mitigation levels of different measures. Other examples
are real GHG mitigation consequences for CCU systems and differences between fossil and biogenic
system measures (e. g. when do negative emission measures really achieve negative emissions in a
system perspective). To do so, robust and uniform procedures based on a system approach and lifecycle perspective are needed.

Implementation of novel GHG-mitigation measures
The slow pace for implementing novel technologies and systems in industry depends on a number of
factors, discussed during the workshop, including e. g. technical, systemic, infrastructural (e.g. new
power lines, H2 and CO2 pipelines), financial, policy instrument and international agreement factors.
In the final discussion, better understanding of when and how and under what conditions a new
measure works or is needed would be essential. To achieve this, innovation and business models as
well as supportive instruments that allow a more open knowledge transfer about results from
demonstration projects and new real plants should be developed. In addition, and equally important,
studies on how important parameters within and around an industry influence the performance of a
new measure should be developed. Thereby, the basis for strategic decisions in different types of
industry, nationally and regionally for future conditions could be improved considerably. In this
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development, international collaboration where different perspectives and conditions would be
considered, could be very helpful.
One part of this work could be to improve the knowledge of how different measures are influenced
and stimulated by changes in policy instruments and hence give inputs to decision-makers about the
needs for future policy instrument types and levels. Although this is a crucial ongoing R&D area, there
is still a need for further work directed to transformative industrial technologies, also on an
international level.
Successful case studies of financing of demo plants in industry, from both CAPEX and OPEX aspects,
is also an area for which experiences on an international level could be developed.
As a general conclusion, it was unanimously recognized that there is a strong need for expanding the
international cooperation within IEA in the industrial sector in several areas, identified above and in
the different session discussions. In addition, the complexity and urgency of transforming industries
towards more sustainable systems calls for a closer collaboration with other societal sectors and other
R&D areas. IETS should therefore develop a closer collaboration with other IEA TCPs. Important
examples are IEA Carbon capture, utilization and storage (CCUS), Bioenergy, Heat Pumps, Storage
(ECES), Power systems (ISGAN), Hydrogen, Solar heating and cooling (SHC)
Finally, there was discussion of the appropriateness of the use of the term “decarbonization” in a very
low or zero emissions context for industry, given carbon’s essential role as a building block in
chemicals and fuels. Given the Paris Agreement goals are structured around not surpassing +2°C over
preindustrial temperatures, and moving towards +1.5°C, which requires net-zero GHG emissions
between 2050 to 2070, and latest later this century, perhaps some other phrasing could be explored on
this basis. As an example, “Defossilization” was mentioned.

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
organised under the auspices of the International Energy Agency (IEA), but the TCPs are functionally
and legally autonomous
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