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Abstract
Industrial electrification is increasingly been considered as an attractive pathway to significantly reduce
greenhouse gas emissions in the industrial sector. This is (partly) driven by the increase penetration and
expected large availability of low carbon electricity in the coming decades. Electrification of the industrial
sector will, however, further blur the lines between the power and the industrial sector, demanding for a
close coordination in their strategies and implementation plans. Furthermore, differences in policies,
programs, and regulations between and within the sectors will affect the prospects for electrification.
This report describes the work and results of Task 1 of Annex 19 Industrial Electrification. The Annex aims
to provide a platform for enhancing collaboration between countries in the area of industrial
electrification. The focus of the Annex is on the system aspects of industrial electrification rather than on
the technologies within each specific pathway or process. Task 1 of the Annex had three objectives. First,
to clarify the current situation, identify overlapping areas of interest and gaps that need to be addressed.
Second, to improve the awareness of the topic of industrial electrification in participating and other IETS
countries, and finally to develop a proposal for the further development of the Annex. The work was
carried out at Delft University of Technology in the Netherlands and consisted of three main steps: activity
mapping (including a bibliographic analysis), scoping analysis and synthesis and recommendations.
Proactive stakeholder involvement was sought via face-to-face and online interviews, two webinars and
a (online) workshop. The findings led to the selection of four areas where the Annex will focus in the
coming two years (Task 2): i) identifying industrial electrification technologies; ii) Sharing methodologies;
iii) Understanding system impacts (including needs for infrastructure), and last but not least, iv) enhancing
collaboration with other annexes and TCPs. These four areas can act as catalyzers for knowledge exchange
and the work will use existing data, projects or knowledge from the Annex partners.
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1. Background
The global commitment to keep global temperature rise well below 2°C, and preferably below 1.5°C,
requires deep GHG emissions reductions throughout all sectors of the economy. For the industrial sector,
whose direct CO2 emissions currently account for about 25% of global energy-related and process CO2
emissions1, this commitment implies a reduction of direct GHG emissions of 80% by 20501. The industrial
sector is complex, diverse and contains numerous emission sources as it encompasses all activities related
to the processing of raw materials into final products (including the use or production of intermediates).
This covers everything from a large petrochemical plant to a brewery.
There has been an increasing number of studies looking into potential options to reduce GHG emissions
in the industrial sector, ranging from technological improvements in specific processes to the
development of mitigation roadmaps encompassing the entire industrial sector. Proposed mitigation
options include energy-efficiency, switching to alternative energy and feedstock sources (e.g. renewable
electricity, geothermal heat, biomass, waste), increased recycling and reuse, and carbon capture and
storage (CCS). An option that is gaining relevance is increasing electrification of energy demand. This is
(partly) driven by the increase penetration and expected large availability of low carbon electricity (mostly
from renewables). In fact, most long-term forecasts of final energy demand show a significant increase in
electricity in the industrial sector in the coming decades.
Electrification of the industrial sector has been identified as a key option in several EU research/innovation
agendas at national level, for instance, in Sweden, the Netherlands and Germany. These agendas, as well
as studies examining the potential of electrification in Europe and in other countries, indicate a high
overall technical potential for industrial electrification. Literature also indicates significant potential cobenefits of industrial electrification, including benefits in energy security (increasing the use of local
resources and fostering decentralization), air quality (by eliminating on-site fuel consumption), process
improvements (through for instance increasing process controllability), and grid support to renewable
power systems (e.g., by providing power operators with greater control over load shapes). It is, however,
recognized that although many of the essential technological elements for industrial electrification
already exist (for instance, McKinsey2 recently estimated that almost 50% of the fuel consumed for energy
can be electrified with current available technology), the large diversity of processes and high levels of
process integration required make solutions very complex. Significant challenges exist in cost and
engineering development as well as barriers in investment and infrastructure requirements, and further
technological development to reduce costs.

1
2

IPCC 1,5 Report chapter 2
McKinsey & Company (2020) Plugging in: what electrification can do for industry. Energy insights Practice
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From a system point of view, electrification of the industrial sector will further blur the lines between the
power and the industrial sector. A trend that is already occurring but will accelerate over time. Increasing
interconnections between sectors means that changes in one sector can trigger (un)wanted effects in the
other and vice versa. Furthermore, differences in policies, programs, and regulations among and within
sectors will affect the prospects for electrification. Decisionmakers, both in industry and government, face
significant knowledge gaps that hinder informed decision making. Because efforts are currently being
carried out in different countries and sectors to steer the transformation of the industrial sector, including
electrification, there is a need for a common platform that allows coordinating efforts, exchanging
knowledge and lessons, and exploiting potential synergies. This report aims to provide a first design of
such platform to be carried out under the auspices of the IEA-IETS technology collaboration program.

1.1 Annex 19
Annex 19 Industrial Electrification is a new annex of the IETS-TCP program. The Annex aims to be a
platform for enhancing collaboration between countries in the area of industrial electrification. The focus
of the Annex is on the system aspects of industrial electrification rather than on the technologies within
each specific pathway or process. As such, the Annex aims to foster the creation of “critical mass” in the
area of industrial electrification by for instance, increasing communication between parties, providing
opportunities for identifying common problems, undertaking complementary approaches on joint
projects, developing, sharing and validating common working methods or developing joint databases.

1.2 Objectives of task 1
This report describes the work and results made as part of Task 1 of Annex 19 Mapping of activities,
scoping and formulation of multiyear collaboration plan. The task had the following objectives:
•
•
•

to clarify the current situation, identify overlapping areas of interest and gaps that need to be
addressed
to improve the awareness of the topic of industrial electrification in participating and other IETS
countries in course of identifying partners in participating and other IETS countries.
to develop a proposal for the further development of the Annex (a multiyear plan).

1.3 Acknowledgements
This work could not have been carried out without the collaboration of multiple stakeholders who were
willing to share their time, knowledge and insights with us. To them we are very grateful. Furthermore,
we would like to specially thank Mr. Thore Berntsson (Chalmers University) and Mr. Joop Bormans (RVO)
for their support. The work was conducted under the auspices of RVO (the Netherlands) “Opstellen
voorstel voor annex rond elektrificatie in de industrie binnen het IEA IETS Technology Cooperation
Program”, reference TSE6190003
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2. Methodology
The work was carried out in three main steps: 1) activity mapping, 2) scoping analysis and 3) synthesis and
recommendations. Proactive stakeholder involvement was sought via interviews, webinars and a (online)
workshop. To build engagement and support for the Annex, the activities were designed with three
specific aspects of participation involvement in mind:
• Opportunity for input—give stakeholders opportunity to voice their knowledge, experience,
perceptions, and ideas.
• Early involvement—bring stakeholders into the process at the earliest feasible stage.
• Influence over the final decision—ensure that stakeholder input has a bearing on final decisions
and process outcomes.
Figure 1 shows an overview of the activities realized in the task. A description of the activities is provided
below.
• Ex-post analysis
• 2,922 scientific pub. considered in the analysis. 2009-present.
Bibliometric
• Bibliometric networks using VOS Viewer.
analysis
• Semi-structured interviews and online survey (22)
• Participation of: Denmark, Belgium, The Netherlands, France, Canada, Austria,
Stakeholder
consultation Germany, USA.

• Dissemination
• 66 participants
Webinar 1

Analysis,
scoping

• Desktop research
• analysis of results + additional interviews

• Online
• 30 participants
Workshop • 12 different countries

Synthesis
recommend
ation

Webinar 2

• Proposal multi-year plan

• dissemination of final results
• to take place end September

Figure 1 Overview of the different activities carried out in Task 1

6

2.1 Mapping of activities
The aim of this step was to identify current key activities and hotspots in the topic of industrial
electrification by
• mapping the areas of research on industrial electrification in the last 10 years
• identifying stakeholders (institutes, universities, countries) that are working in industrial
electrification. In here, we focused on three different groups of experts in the area of industrial
electrification: IEA-IETS decisionmakers and national decisionmakers, researchers (e.g., from
universities and research organizations) and industry
• identifying aspects and/or activities that are considered important by the stakeholders, as well as
areas with critical mass and current gaps.
To achieve this aim desktop research (bibliometric analysis) was combined with stakeholder consultation
(survey, interviews, webinar and a workshop).

2.1.1 Bibliometric analysis

A bibliometric analysis is a quantitative analysis used to identify national and international networks and
map the development of fields of science and society3. The bibliometric analysis was carried out in two
main stages. The first stage consisted of defining search criteria for the bibliographic databases and
carrying out the search. The bibliographic database used was Scopus, for the time period 2009-2019, the
criteria used is shown in Figure 2. It is important to mention that the bibliographic search was limited to
peer review publications in English and therefore, non-indexed reports (e.g., reports by companies,
governments) were not included in the analysis. A manual screening of the results was conducted in order
to take out of the sample scientific publications that were not related to the field of industrial
electrification, this resulted in 2,922 scientific publications, which were considered in the bibliometric
analysis.

Main
search
criteria
(keywords)

• Industrial electrification
• Baseload electrification
• Flexible electrification
• Power to X
• Power to hydrogen
• Power to chemicals
• Power to gas
• Power to heat
• Electric heat
• Electric boiler
• Green industrial hydrogen
• System analysis
• Policy making
• Roadmap to electrification
• Circular economy

Figure 2. Search criteria used in the bibliometric analysis.

3

OECD Glossary of Statistical terms.
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The second stage consisted of building bibliometric networks (maps) to visualize and identify main trends.
For this purpose, we used the tool VOSviewer4. VOSviewer provides distance-based visualizations of
bibliometric networks, where a publication, an author, a research field or a country could be set up in the
tool as a node. In this tool, the distance between two nodes reflects the strength of the relation between
the items5. This allows to visually identify areas of critical mass.
Figure 3 shows a simplified network map that resulted from the search of the term “industrial
electrification” in Scopus. The map shows the different keywords that resulted from the analysis. Each
node (circle) represents a keyword in the field. The size of the node reflects the number of co-occurrences
of the keyword. As indicated previously, the distance between the nodes is important. In general, the
closer two nodes are located to each other in the visualization, the stronger they are related to each other
based on co-occurences. The lines between node are referred to as links. The links also provide
information on the strength of the co-ocurrences, the thicker the link the strongest the link between
keywords. Note then that both the distance between keywords and the thickness of the link are provide
insights into the strength of the relation between the keywords.

Figure 3 Simplified network map for industrial electrification.

Terms that often co-occur tend to be located close to each other in the visualization thereby forming
clusters. In VoSViewer the user can select the minimum cluster size (i.e., the minimum number of items
4

http://www.vosviewer.com/
The strength is represented by a positive numerical value, representing in our case the number of publications in
which two terms occur together. For information on the specific algorithms used in the software we refer to: Van
Eck, N.J., & Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping.
Scientometrics, 84(2), 523–538.
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in a cluster) and the resolution of the map (ie., the level of detail of the clustering). With these two
parameters the user can decided how aggregated the information is provided in the map that will fulfil
the goal of the analysis. Clusters are represented by colors. In Figure 3, for instance, the green cluster
mostly represents keywords in the area of climate change and electrification, the red one contains
publications with keywords related to electric utilities and system aspects, while the blue cluster contains
keywords related to operational and technology aspects.
The analysis was done by co-occurrence of keywords in the publications, in which the relatedness of items
is determined based on the number of documents in which they occur together. Bibliometric networks
were built for all of the search criteria and for the combination of all resulting in 14 maps.

2.1.2 Survey
A bibliometric analysis only provides part of the picture. Because only peer reviewed documentation was
included in the bibliometric analysis, research disseminated by other means (for instance, reports,
patents, blogs) is not included. Furthermore, a bibliometric analysis provides insights into trends in
(academic) research, but those do not necessarily reflect the opinion, knowledge or interests of
(industrial) stakeholders. It was, therefore, important to understand whether the trends that were found
in the bibliometric analysis are in agreement with the trends observed by stakeholders working in the
field. To complement the bibliometric analysis, a stakeholder consultation was conducted using:
a) a survey
b) interviews with stakeholders
The questionnaire consisted of 13 semi-structured questions aiming to map activities that are currently
been carried out, and to identify stakeholders and key areas in the domain of system aspects of industrial
electrification. Annex A shows the questionnaire developed for carrying out the survey.
The survey targeted three main groups: i) national organizations, ii) research organizations, and iii)
industry. In total 22 responses were collected, including representatives from the different IETS countries.
The survey was carried out using face-to-face interviews (for stakeholders in the Netherlands),
phone/skype interviews, and sharing the survey through internet with stakeholders.

2.1.3 Webinar
A webinar called “Where is industrial electrification at? Identifying key activities and hotspots in industrial
electrification for the IEA IETS Annex XIX” was carried out in January 13th, 2020. It aimed to present the
results of the bibliometric analysis, the results of the survey and to invite stakeholders from different IEA
IETS countries to present their view on electrification of the industrial sector. During the webinar,
representatives from Sweden, Austria, Canada and the Netherlands has short presentations on their
current activities.
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2.2 Scoping analysis
In this activity the information gathered so far was analyzed and synthesized to come to an overview of
common activities, research questions and interests among IEA IETS countries. In a first step we crosschecked the results of the survey with those of the bibliometric analysis. This was done to verify whether
the views of the stakeholders were in agreement with the research trends in scientific literature and
incumbent areas that could be missing. This was used as the basis to identify which thematical areas
appeared as the most relevant to stakeholders to establish task 2 of the Annex. In a next step we checked
on possible overlaps with other IEA TCPs. This was done with a mix of desk research and non-structured
interviews. The information was used in the organization of the workshop with stakeholders. The
workshop was titled “Where to start? Defining priorities and actions”, which aimed to discuss with
stakeholders from governments, knowledge institutes and industry potential areas of work within the
annex. The workshop was originally prepared as a full day face-to-face meeting in the Netherlands to take
place in April 2020. The restrictions imposed by Covid-19 however resulted in conducting the workshop
online in two afternoons in June (to accommodate for difference in time across the countries). The
workshop was attended by 32 participants from 12 different countries. In the workshop we worked with
a combination of plenary and breakrooms to allow for participation in small(er) groups. The workshop
was designed so that every participant had the opportunity to participate in all the breakrooms.

2.3 Synthesis and recommendations
Information from the scoping analysis and the workshop was then synthesized and used to make a first
design of activities to be conducted in the Annex. This draft design was shared with representatives of
IETS countries in the Annex. The feedback received was then used to produce a recommendation of
activities that should take place in the coming years in the Annex (task 2). The final design was presented
in a second webinar in September 2020.

3 Results
3.1 Bibliometric analysis
Figure 4 shows the result of the bibliometric network for the search industrial electrification (2,922
publications). The figure highlights four clusters. The red cluster focuses on research topics related to
electric utilities and energy use. This cluster is composed of publications that explore aspects such as
alternative energy sources and cost effectiveness, which are crucial system aspects that require further
understanding towards an electrified industrial sector. The green cluster focuses on research topics
related to greenhouse gas emissions and its direct relation with electrification towards a zero emitting
industrial sector. This cluster also highlights the potential use of carbon dioxide in power-to-x systems, as
those are expected to be relevant in upcoming developments towards electrification. The yellow cluster
focuses on research topics related to energy efficiency and renewable energy systems. Noticeably, topics
related to cost reduction are emerging as a key aspect of the publications and are not yet dominant. The
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blue cluster emphasizes the integration of renewable energy systems with the industrial sector. The
cluster is the smallest of the four suggesting that understanding of sector coupling between the power
and industrial sector in peer review publications is still at early stage. Aspects such as hydrogen,
electrolysis and methanation among others also appear in this cluster.

Figure 4 Bibliometric network of industrial electrification

Figure 5 shows the bibliometric network of the country affiliations of the authors over the past ten years.
The results show Germany and China as major focal points with also Italy, USA, Canada, Japan, Finland,
the Netherlands, Portugal, France, Spain, Denmark, and Switzerland appearing as nodes of significant size.

Figure 5 Bibliometric network of industrial electrification
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The bibliometric assessment can also be conducted for more detailed topics. Figure 6 shows, for instance,
the networks for power-to-X (Fig. 6A), power-to-gas (Fig. 6B), power-to-hydrogen (Fig. 6C), and power-tochemicals (Fig.6 D). A comparison between the networks highlights some interesting points. Among the
four terms, the power-to-gas network (Fig. 6B) appears as the densest, most mature network while power
to chemicals is, in contrast, an emerging network. Interestingly, all networks share a series of keywords
such as renewable energy, electric power transmission, energy storage, and electrolysis.

A

B

C

D

Figure 6 Bibliographic network analyses. Figure 6A: power-to-X; Figure 6B: Power-to-gas; Figure 6C:
Power-to-Hydrogen and Figure D: Power-to-Chemicals
Power-to-hydrogen, however, does not require per se that the power is produced from renewable energy
sources. However, given the importance of this aspect as a driver of industrial electrification, we carried
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out the bibliometric analysis for the topic of green industrial hydrogen (see Figure 7), which is the term
used to refer to hydrogen produced from solar and wind power (via water electrolysis). In the last ten
years, a significant number of papers have included this topic as keywork and the network appears to be
consolidating. Cluster formation are around the topics technology development, use of hydrogen as a
storage technology, cost and investment. We also observed the emergence of a small cluster (purple in
Fig 7) connecting green hydrogen and the chemical industry.

Figure 7 Bibliometric network for green industrial hydrogen
Electric heating has been a major research area during the last ten years in which areas such as heat
pumps, heat storage, energy efficiency and electric boilers have emerged as clear topics. This is not
surprising as heat represents three-quarters of industrial energy demand worldwide, and about half of it
is heat at low to medium-high temperatures6. Figure 8 shows the bibliometric networks for power-to-heat
(Fig. 8A), electric heating (Fig. 8B) and electric boilers (Fig. 8C). Maybe because of the topic’s maturity,
areas related to system analysis are clearly visible in each network. This include optimization at system
level, sink-source matching (beyond a plant) and economic analysis.

6

IEA (2017). Renewable energy for industry. From green energy to green materials and fuels. IEA/OECD
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A

B

C

Figure 8 Bibliographic network analyses. Figure 8A: Power-to-heat; Figure 8B: Electric heating; Figure 8C:
Electric boilers
An aspect that is currently discussed in some of the countries national agendas is flexible industrial
electrification. This is related to the expected variability of electricity grids that are driven by renewable
energy sources such as wind or solar. In the bibliometric analysis we only found a limited number of
studies dealing with this topic during the past ten years, which is clearly depicted in the resulting network
(see Figure 9). This is, however, not surprising as the need to understand the impact (or demand for)
flexibility in the electrification of the industrial system is a consequence of the accelerated penetration of
intermittent sources of electricity in the last decade, as well as of (inter)national targets that have been
set to drastically increase the share of these renewables in the short to midterm.

14

Figure 9 Bibliometric network for flexible electrification
Figure 10 shows the bibliometric network for policy making and industrial electrification. As indicated in
the figure, the research papers are clustered around three areas: climate change (green), power sector
(blue) and economics (red). Technological aspects appear throughout the three clusters but, in
comparison to the other networks discussed so far, are not a driven factor. In addition, we also looked
into research related to electrification roadmaps (Figure 11). Most roadmaps focus on the transformation
of the power sector to a low carbon system, while taking into account a potential increase in demand
(from but not limited to the industrial sector). The link between technologies and the main clusters
appears weak (as indicated by the distance between the clusters) and interestingly, the number of
roadmaps in developing countries is limited.

Figure 10 Bibliometric network for policy making
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Figure 11 Bibliometric network for roadmaps and industrial electrification
Finally, we examined the network for publication focusing on circular economy and industrial
electrification. Green electricity is often named as one of the system requirements for a sustainable
circular economy. Interesting this is the only case we found where the total network appears rather linear,
that is, the interconnection within the clusters is strong but between clusters is rather weak (see Figure
12).

Figure 12 Bibliometric network for electrification and circular economy

3.2 Stakeholder consultation
3.2.1 Survey
To complement the insights from the bibliometric network, a stakeholder consultation was conducted. In
a first step a survey (as described in the methodology) was conducted. 23 questionaries were filled by
participants of 11 countries: Austria (3), Belgium (1), Canada (1), Denmark (4), France (1), Germany (2),
Netherlands (4), Norway (1), Sweden (1), United Kingdom (1), USA (3). 48% of the participants belonged
to Universities or Knowledge Institutes, 35%to companies/industrial associations while 17% work for
governmental organizations.
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Below we provide a summary of the key insights obtained from the surveys. In each we categorize the
issue according to the level of agreement or disagreement among the respondents.
- Definition of industrial electrification (disagreement). Industrial electrification is a broad term and it can
entail many aspects and technologies. There is no consensus (yet) on what industrial electrification entails
(or not). To highlight this point, we present below some of the definitions provided by the respondents:
“Substitution of conventional fossil fuel combustion approaches for supplying direct heating requirements of
industrial processes for electrical energy, with the explicit intent to reduce lifecycle CO2 footprint”
“Electrification of transport is electric cars; Electrification of space heating and hot water for human consumption is
heat pumps; Electrification of industrial heat is heat pumps up to 500°C”
“Industrial electrification deals with the utilization of additional electricity for the reduction of emissions like CO2,
NOx, SOx, dust…”
“Industrial electrification means all types of technologies or systems, in which electricity replaces fossil fuels. The
electricity must be green “enough”. We do not know how to quantify “enough”. The replacement can be direct or
indirect. In the latter case, electricity can be used to produce an intermediate source, e. g. hydrogen. Hence, all
types of P2X (where X can be intermediate or end products), heat pumping and power-driven processes (e. g.
membranes) replacing fossil fuels are included. However, it is also important to note that replacing biobased fuels is
important because that will enable biomass to be used in another application. So, we don’t want to exclude that.”

Interestingly, many respondents explicitly included in their definition of industrial electrification the final
aim of electrification: e.g., reduction of greenhouse gas emissions (or other pollutants). Some included
the source of electricity (e.g., from renewables) and most (but not all) considered indirect electrification
(via hydrogen) as part of industrial electrification.
-Areas of interest (agreement). Participants were asked to select from a pre-selected list, the areas of
electrification where their organization (or country in the case of governmental representatives) were the
most interested on (they could select more than one option). The results are shown in Figure 13. Note
that all respondents selected most or all areas, indicating that is too early to select a given aspect, and the
institutions are still in a scanning phase.
Other
Innovation and R&D
Policies
Demand response
Renewable electricity potentials
Intermittency & flexibility
Energy storage infrastructure
Energy infrastructure
Economic performance
Systems Analysis
System integration
Power-to-x
Power-to-hydrogen
Power-to-heat

0%

20%

40%

60%

80%

100%

Figure 13 Areas of interest in industrial electrification
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In the area “Others”, the respondent included the following topics: comparison of electrification with
other GHG mitigation options; carbon capture utilization and storage; integration and harmonization;
system optimization; long distance energy transport; ethics and safety, and digitalization.
-Sense of urgency (agreement). Respondents were asked to list the areas that, in their opinion, require
urgent attention. Interestingly, none of the respondents choose an electrification technology, or a
technological aspect, but rather pointed out system aspects. A summary of the aspects named by the
respondents is listed below:
-

Need for sustainable business models as a requirement for real deployment
The regulatory framework
Impact of intermittency in industrial electrification (flexibility).
Dynamics and impact in business cases
Knowledge exchange of policies, roadmaps, research programs, best practices, lessons learned
Holistic evaluation and comparison of electrification options to allow decision making on when
and where could those options be installed in the upcoming investment cycles
Comparison of direct vs indirect electrification (via Hydrogen). When, where, what.
Best uses of available “excess” electricity (from a system point of view).
Understanding the amount of extra renewable electricity that can (or need to) be available in the
coming years to fulfil the demand of an electrified industrial sector

-Systems aspects to be addressed in the Annex (partial agreement). When asked in which system aspects
the Annex should focus, respondents provided a list that is in large agreement with their answers to the
sense of urgency, namely:
-

Impact of direct and indirect electrification on the grid
Investment cycles and business models
Holistic evaluation of electrification options (technical, economic, environment), also in
comparison to other GHG mitigation options.
Prioritization of electrification options (under different scenarios)
Impact of electrification in the full system (emphasis on CO2 mitigation from a life cycle point of
view)
Analysis of infrastructure demands (under different scenarios)

-Stakeholders (agreement). All respondents (but one) highlighted two key stakeholder groups: i) energy
intensive industries (iron and steel, mining, utility, chemical and oil refinery industries, and ii) research
groups (from knowledge institutes or universities). Some respondents also identified the power sector as
a key stakeholder group. Respondents of Austria, Sweden and the Netherlands pointed out the existence
of national consortia that already have stablished networks of stakeholders and can act as contact point
for the Annex.
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-Infrastructure (agreement). The responses indicate significant concern by the respondents regarding the
impact of a significant demand of green electricity by the industrial sector in the requirement for
renewables, stress in the transmission grid, need for energy storage and increased curtailment of
renewables. All respondents highlighted the need for a change/expansion of infrastructure. The role of
industry to stabilize the grid (energy demand management, provider of flexibility, etc.) was named but it
was also highlighted that it is not clear how and to what extent this is economical or technically feasible.
Other aspects named were, the need to avoid stranded assets, connection of offshore and onshore
infrastructure, and infrastructure coupling industrial sector with residential (industry as a supplier of
heat).
-Funding and dedicated funded mechanisms (n.a)7. The responds agreed that significant funded is
needed if industrial electrification is to make a significant contribution as a GHG mitigation option. We
also asked whether there were any dedicated funding mechanisms in this area in their
organization/country. Responses to this aspect were mixed. It is very much dependent on the country and
the type of organization, and it also differs with the type of electrification. Indirect electrification (via
hydrogen) is witnessing the creation of specific research programs as it does heat pumps (important to
note here that some participants pointed out that funding for heat pumps is mostly available only if it
refers to sector coupling with the residential sector).
-Active projects (n.a). Respondents were asked to list project(s) that they thought could be shared in the
Annex. Not all respondents answered this question. For those who did, their answers are listed below8.
- Canada: NRC is currently involved in several activities, including the identification of effective
industrial electrification pathways; mapping of technologies across industrial sector; assessing the
future increase penetration of renewable into existing grids; identification and analysis of flexible
loads in building and industry; development of models to schedule industrial process operations
as a function of projected electric prices). The respondents pointed out that some of these
projects could be shared as part of this Annex but no specific project has been selected at this
point.
- Germany: two projects were named: eXtremOS and Kopernikus SynErgie II. In eXtremOS it is
analyzed (among other topics) the system-effects of extreme demand-side electrification in the
European industry sector. SynErgie II is one of the Kopernikus in which (among other topics) the
effect of decarbonization measures on the flexibility potential of industrial process is analyzed.
Furthermore, a methodology for the determination of flexibility potentials is being developed,
which could be of interest for the Annex.
- Germany: One project from VDEh BFI GmbH and ThyssenKrupp was named, which deals with
hydrogen in the iron & steel industry.

7

N.A: No applicable
8 Note that the answers are listed according to the participant’s country but that this does not mean that they are
an official response or commitment from the country to the Annex.
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-

-

-

Sweden: several projects were described separately by the four main groups involved, i. e.
Chalmers, KTH, RISE and LTH. CIT Industriell Energi, a subsidiary company to Chalmers
Industriteknik (Industrial Technology), is coordinating the consortium of activities.
Austria: Outcomes of the Austrian energy model regions (funding programme) “New Energy For
Industry” and “Hydrogen Initiative Austria” and preliminary research (“Renewables4Industry”;
“IndustRiES”)
Netherlands: Any publicly available project of the ISPT system integration program
Netherlands: Results of the e-refinery project (direct electrochemical conversion of CO2 to
chemicals and materials)

3.2.2 Workshop
In June 22nd and 23rd an online workshop was organized with the aim of further discussing with
stakeholders’ systems aspects of industrial electrification (to verify and complement results obtained so
far). The workshop was attended by 30 participants9 from 14 countries: Austria (1), Belgium (1), Canada
(2), Denmark (1), France (2), Germany (2), Italy (1), Japan (1), Netherlands (4), Norway (3), Portugal (2),
Sweden (5), United Kingdom (2), USA (2), and one participant from the European Commission JRC (1). 60%
of the participants belonged to Universities or Knowledge Institutes, 15% to companies or industrial
associations, and 25% work for the government.

Figure 14 Workshop breakrooms
Based on the results of the bibliometric analysis and the survey the workshop was designed around four
topics (see
Figure 14). Breakrooms were created for each topic and participants were asked to discuss,
in each breakroom, two questions: What aspects of this topic are important for your organization? And
which kind of activities is your organization currently doing within this topic? Participants rotated through
the four breakrooms during the duration of the workshop. At the end of day 2 all participants had the
opportunity to contribute to each group. The chairs of each breakroom were asked to present the
highlights of their sessions during the plenary session at the end of day two. The highlights are presented
below.
9

This excludes the organizing committee (7 people from the Netherlands and 1 person from Sweden).
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Breakroom1: Electrification technologies in industrial systems (chair: Thore Berntsson)
-

-

-

-

-

The types of electrification technology pointed out by the participants as of interest were:
– Heat pumps, hydrogen turbines, hydrogen production and storage, direct electrification
(including membrane and plasma technologies), use in separation plants (e. g. distillation),
microwave technology, power to chemicals, power to fuels, power to heat
This shows the great variety and high interest for the majority of different electrification
technologies.
Projects and developments covered most TRL’s, from laboratory research to industrial
implementation.
The industry types, mentioned in connection with the R&D activities, were:
– Oil, chemical, food, machinery, pulp and paper, iron and steel, biorefineries, cement
The list covers practically all major process industries and also SME’s.
Some of the countries participating in the workshop have already developed consortia for
coordinating their activities in the annex and enabling a country-wide networking.
The aspects studied for the different technologies included techno-economic, GHG consequences,
integration and comparative assessments.
Integration was mentioned by several speakers. Here, activities include process integration,
interplay with other new technologies in an industrial plant and integration between industry and
other sectors. In the planned new tasks in the annex, integration should therefore be well defined
and be included in different ways.
It is important to get understanding of e.g. characteristics, economic performance, GHG
mitigation of the technologies under different conditions. Conditions vary considerably between
countries and regions regarding for example power costs, degree of grid green power, fuel costs,
intermittence aspects, etc. This will have a high impact on the technologies and their assessment,
which is not fully understood today. Furthermore, all parameters mentioned above, will most
likely change considerably in the future. Understanding the impact of such changes, based on
different scenarios, are of high importance for strategic planning and decision-making for
industrial electrification (ex-ante research).
Future possible use of electrification technologies can be seen in roadmaps for different industry
types and regions. Connections with roadmap development is therefore of importance.
Cooperation between the annex and the Heat Pumping and the Hydrogen TCP’s are of high
importance. Also, direct connections with other IETS annexes, for example Annex XI (industrial
biorefineries), Annex XV (industrial excess heat), Annex XVII (membranes in biomass systems) and
Annex XVIII (digitalization and AI) should be established.
In the discussions it became evident that the many projects and developments mentioned will
lead to a considerable knowledge development about many technology types for industrial
electrification. Based on that, it was discussed that a part of the further work in the annex could
be to compile and process novel knowledge development. This could include technology
characteristics, databank on results and processing of results in terms of economy and GHG
mitigation potential. It was mentioned that such compilation would be of interest for many groups
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and improve the networking in the annex. It could also serve as important inputs to system
research, roadmap development, strategic decision-making industry, etc.
Breakroom 2: Electrification potentials (chair: Andrea Ramirez)
-

-

-

-

-

-

-

-

-

Understanding potentials is a key part of any work done in the area. This is a key point of
departure and information that is required by decision-makers (to take for instance a funding or
investment decision)
The participants/groups approach potential indifferent ways. Some countries (e.g., Canada) are
currently assessing the maximum electrification potential that could be achieved in industrial
sectors considering existing technologies, providers and consumption, while other countries (e.g.,
UK, NL) are targeting industrial clusters rather than sectors (UK has established targets of
decarbonization at industrial cluster level). Other participants are looking at both national and
clusters (e.g. France, Sweden).
The participants report differences in scoping (direct vs indirect electrification, long vs short term,
industry vs sector vs industrial cluster vs National levels), this influences the technologies that are
included in the assessments (low vs high TRL)
There is need for harmonization. Potentials can be estimated in different ways and have different
scops so is important to understand the different concepts, system boundaries and
methodologies that are being used by the different groups when reporting potentials. This
information will allow to compare studies in a fair way and extract robust lessons. It is also needed
to develop roadmaps, also regarding impacts in the power sector (sector coupling).
The Heating pump TCP has carried out an extensive analysis of electrification potential for heat
(differentiating by temperature levels). This will be useful information to also share in this Annex.
It is important to realize how much power will be required for full electrification. For instance,
several GW will be required for a 100% electrified cracker. This highlight the importance of
understanding sector coupling and of the infrastructure that will be required.
Some participants pointed out that while is good to understand the overall electrification
potential, potential under constrains is more important in real scenarios (what are the costs,
policies, etc.)
Electrification is not the only mitigation option available for industries, and therefore when
assessing potential should take into account other decarbonization options for industry (e.g.,
CCS).
Participants highlighted the importance of system integration.
Some participants highlighted that electrification can be done; the question is whether it can be
done right. Is it cost-efficient, is there enough energy available, in time? At the right location? At
the right quality? Do not forget the power systems that are right now considered in many systems
are based on variable sources. Robustness is, therefore, an important aspect that should not be
overlooked.
It is important to note that industry may look different in the future (e.g., economies of numbers
instead of economies of scale), this will change the potentials.
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-

Sharing information on potentials, methodologies, constrains, can be a key activity of the Annex
as this information will support decision-making and also help when communicating with the
public

Breakroom 3: Infrastructure and Policies (Chairs: Andreas ten Cate/Joop Bormans)
-

-

-

This topic was recognized as important by the different participants
Differences between countries need to be taken into account when assessing/designing
infrastructure and policies:
– Degree of renewables
– Grid issues
– Interconnectivity
– Size of the country
– Public support
Participants stressed that a long-term viewpoint is needed to be able to invest
Importance of infrastructure footprint was also discussed
Public emotions - autarky vs connectivity
Mostly technological viewpoint
The participants highlighted the importance of sector coupling: not only power, also H2, gas, CO2
and heat infrastructure
There is lack of clarity regarding existing and potential future policies
In order to have effective collaborate is important to first identify the relevant people and
organizations working on the topics:
– Infrastructure/net operators - e.g. regional workgroup Rotterdam
– Research institutes - system engineers/grid specialists
– Beyond electricity
Steps forward:
– Identify member states/parties interested to work in the area
– Share current studies/ work - e.g. Netbeheer NL-studies, Gasunie studies, etc.
– HyWay27 NL political debate for example - penta-lateral meetings EU…
– Connect to groups working on policy and on infrastructure
– Create an overview/state-of-play - what is work going on? What debate?

Breakroom 4: Sector Coupling (Chair: Jonathan Moncada)
-

-

Sector coupling is seen as an important topic related to electrification. However, the discussion
revealed lack of clarity on what coupling actually is.
Definitions used of sector coupling do not fully fit the different angles that it may have. For
instance, the European Commission is transitioning towards a more holistic terminology, using
“sector integration” instead.
Sector coupling is seen as a way of maximizing potentials. This is line with the link between supply
and demand and modelling exercises carried out by some groups.
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-

-

-

-

-

-

Different types of coupling were discussed in the sessions: coupling of heat and cooling as well as
coupling with the power sector.
Allocation of costs, risks and impacts of sector coupling is a point of interest for the different
stakeholders. Stakeholders working on modelling studies need to address many of these
questions.
Coupling of heat and cooling (between industry but also with the residential sector) is highly
interesting for some groups and there are ongoing projects in the topic.
Participants pointed out the need to further understand the coupling of industry and the power
sector, the expansion of current infrastructure to allow direct and indirect electrification of
industry, the impacts of energy storage, and the need to link this with demand side strategies.
Some projects on these aspects are already on going.
Sector coupling can also happen between different industries. The integration of several low
carbon systems can lead to “internal” sector coupling. Some groups attending the workshop are
studying these aspects.
Questions were raised regarding infrastructure development not only of power but also for
distributing this heat. Stakeholder were interested in understanding how costs are distributed
when coupling exist. This was also linked to how risks are allocated along supply chains and
sectors.
Regional differences can trigger different levels of sector coupling and stakeholders expressed
their interest on studying those effects. This includes the need to understand at what level is
coupling happening and to what extent, how knowledge transfer can happen in between sectors
and how to avoid double efforts.
The role of energy storage as intermediate between the power sector and the industry was
highlighted by participants in the different rounds.
Some groups are interested on how the regulatory framework can lead to different levels of sector
coupling, and whether it can actually limit coupling.
Participants pointed out that circular economy should also be part of sector coupling and
expressed their interest in focusing in this area.

Finally, during the plenary discussion additional points were made by the participants:
-

-

Determining technical issues are the start of getting policy. Come up with a technical definition
Safety is a very important dimension
Harmonization will be important (concepts, methodologies, regulations)
Electrification might not be more efficient. Most processes will be less efficient. Increased
electricity demand. Electric equipment sensitive to electricity fluctuation, requires stable supply.
Improve and increase reliable energy conditions
Interest in maximizing potential of proper allocation of resources
It is crucial to include time and spatial scale in the assessments.
Long term planning requires long term policy.
It is important to share data; cost parameters/capacity; knowledge of large research programs
going on in other countries
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-

A database structured for easy access will allow industry to use it
Sharing of information is key to prevent duplication of efforts.
Better information required of real mitigation opportunities in industry and where electrification
should not be applied. This should also be part of the work of the annex

3.3 Dissemination
As part of the task two webinars were planned with the aim of disseminate the Annex to a broader
audience. The first webinar was titled “Where is industrial electrification at?” took place on January 2020
with 66 participants from 13 countries: Austria (4), Belgium (1), Denmark (3), France (5), Germany (3),
Netherlands (15), Portugal (2), Canada (11), Spain (2), Sweden (6), Switzerland (3), United Kingdom (5),
USA (2). Four participants did not specify country of origin. The meeting presented the preliminary results
of the bibliometric analysis as well as a short overview of the current status of industrial electrification in
a number of countries. Figure 15 shows the invitation and agenda of the day. A second webinar is planned
to disseminate the final results of the task. The second webinar was carried in September 30. It aimed to
discuss the draft plan (see section 4 of this report) and potential commitment by different organizations.

AGENDA
•
•
•
•
•
•
•
•
•
•
•
•

14.00. Welcome (Andrea Ramirez, Jonathan Moncada, TUDelft)
14.05. Introduction IETS (Thore Berntsson, Chair IETS)
14.10. Description of IETS Annex XIX (Andrea Ramirez, TUDelft)
14.15. Presentation of results task 1.1 (Jonathan Moncada,
TUDelft)
14.30. Questions (Jonathan Moncada, Andrea Ramirez,
TUDelft)
Presentation of country status – 10 minutes presentation and
5 minutes for questions
14.40. Sweden (Thore Berntsson, Swedish consortium)
14.55. Austria (Simon Moser, Energieinstitut an der JKU Linz)
15.10. Canada (Serge Bédard, CanmetEnergy – Government of
Canada)
15.25. The Netherlands (Andrea Ramirez, TUDelft)
15.40. Discussion (All)
16.00. Closure (Andrea Ramirez, Jonathan Moncada, TUDelft)

Figure 15 Invitation and program of first webinar (January 13th 2020)
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4. Plan of activities for the coming two years (Task 2 Annex 19)
The information gathered through the interviews and in the workshop confirms the need for a platform
that offers an open networking mechanism that allows organizations to exchange knowledge (best
practices, lessons, projects, data) in the field of industrial electrification, with an emphasis on system
aspects. Both the bibliometric analysis as well as the stakeholder consultation presented in chapter 3
indicate a large number of topics that could be handled within the Annex.
The findings from task 1 led to the selection of a number of areas for future work in Task 2. This proposal
for Task 2 of Annex XIX, aims to further establish the Annex as a network platform. Given the resources
that can be allocated, and the need to streamline actions to build a solid based for the Annex, here we
propose that in the coming two years Task 2 focuses on 4 subtasks, which can act as catalyzers for
knowledge exchange and can be conducted using existing data, projects or knowledge from the Annex
partners:

•
•
•
•

Subtask 1: Industrial electrification technologies
Subtask 2: Sharing methodologies
Subtask 3: Understanding system impacts
Subtask 4: Enhancing collaboration with other annexes and TCPs

4.1 Objectives
The main objective of Task 2 is
ü to consolidate the development of a platform for exchange of information, experiences and lessons
in R&D projects in the area of industrial electrification. In this Annex industrial electrification covers
both direct and indirect electrification.
To achieve this objective, the following sub-objectives are proposed:
ü to identify electrification technologies that are studied or developed by Annex participants, and start
a repository of factsheets of those technologies in order to facilitate the identification of projects,
technologies and stakeholders working on a given technology
ü to identify current, and when possible, best practices among projects developed by Annex
participants in the area of industrial electrification
ü to identify, and when possible, find pragmatic ways to align definitions, approaches and
methodologies used in current projects by Annex members
ü to broaden awareness and knowledge regarding the system impacts of industrial electrification,
particularly with regard to sector coupling and infrastructure
ü to facilitate international meetings to share experiences, methodologies and project findings among
Annex participants
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4.2 Cooperation in Task 2
Based on all inputs and discussions during the meetings, a suggestion for possible subtasks in a
continuation of the Annex was presented by the Annex manager. Preliminary to confirmation by the Exco
members all groups expressed their interest in continuation of Annex XIX.
4.3 Task 2
The possible subtasks in Task 2 are presented below. This is the result of the original suggestions and
comments from participating groups. Because the Annex will only have one task in the following two
years, the task manager will act as the Task leader. It is envisioned that (some of the) subtasks will be
coordinated by the participating countries as part of their contribution to the Annex. The Task manager
and national team contributions are presented below. All participating groups will be invited to participate
in one or more of the subtasks below.
Subtask 2.1 Industrial Electrification Technologies
Rationale
The concept of industrial electrification encompasses a large number of concepts and technologies. There
are not clear “winner” options yet, and therefore it is important that information on a large set of
technologies is available. Countries, research organizations and industries are currently working on
assessing, developing, testing one or several technologies. The lack of a shared platform results in an
increased likelihood of effort duplication (re-inventing the wheel), increases the amount of time needed
to take an investment decision (lack of information increases investment risk), and decreases
opportunities for collaboration. Furthermore, sharing “real” cases and when available (best) practices,
provides stakeholders not only with data on a given technology, but also with information on the context
(needs and conditions) in which the technology was tested and or implemented.
Implementation
This subtask is composed of three activities:
2.1.1 Overview of electrification technologies.
This activity aims to generate an easily and accessible overview of the technologies that have been
screened, assessed and or developed in projects carried out by Annex participants. Such an
overview is the first step needed to allow for comparing and monitoring knowledge development
regarding electrification technologies. The overview (in e.g., excel) will summarize key technical
characteristics (including e.g., TRL, purpose, technical conditions), and when available, economic
and or environmental performance. A common but simple format with the requirements, e.g.
type of data, will be developed and provided to the partners for reporting the information. This
will increase the quality and consistency of information. The aim is to generate a general matrix
with information available of the different technologies that is comparable. When relevant case
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studies are provided by the partners on a given technology, the information in the matrix will be
cross-linked with a corresponding factsheet (activity 1.2).
2.1.2 Online repository of factsheets of case studies
For specific projects or case examples carried out by Annex partners, factsheets of the projects
will be created and gathered in an online repository. Each factsheet will provide, in a clear and
condensed format, information regarding the main characteristics of a project/case study. The
factsheet will contain a short description of the most important information on the project
followed by a bullet point list of key findings, as well as links to additional information (e.g., an
existing report) and contact details. To increase the exchange of lessons, in each datasheet a
simple SWOT analysis of the technology should, when possible, be provided. The SWOT will
consider both technical and non-technical parameters and experiences from Industry. The
factsheets will be grouped in three categories: promising practices (for projects at small scale or
based on desk-top evaluations); demonstrated practices (for projects that demonstrate
technologies at relevant industrial scale), and best practices (for finished project that can
demonstrate evidence of success, resulted in a clear contribution to existing knowledge and have
the potential to be replicated or adapted to other settings).
2.1.3

Facilitate international expert meetings to discuss electrification technologies and their
current status.
This action aims to provide a space for discussion on industrial electrification. Departing of
information provided by the annex members in activities 1.1 and 1.2, meetings will be organized
that allow annex members as well as invited speakers to discuss the current status of
electrification technologies. This information can then be used, for instance, to develop and or
update the SWOT analysis of the different technologies. In here, we propose that at least two
meetings (one online and one face-to-face) will be carried out in a yearly basis.

Subtask 2.2 Sharing methodologies
Rationale
Projects aiming to technology selection, assessment of electrification potentials, identification and
evaluation of system impacts are currently been planned or developed by Annex members. These projects
have or will be carried out at different levels (unit, process, plant, cluster, region, national, global) using
different definitions and system boundaries, approaches and methodologies. The diversity and
heterogeneity of definitions, approaches and methods not only leads to a broad variation of the results,
but also increases the complexity of decision-making as findings are not easily comparable. This subtask
aims to create a formal space for sharing and discussing the definitions, approaches and methods
currently used by Annex members as a first step for developing alignment practices.
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Implementation
In this task two activities are planned:
2.2.1 Develop and maintain an inventory of definitions, system boundaries and
methodologies.
The primary goal of this activity is to generate a live document with an overview of the definitions,
systems boundaries, approaches and methodologies currently used in projects developed by
Annex Members.
2.2.2 Facilitate international expert meetings to discuss alignment of definitions and methods.
In this action, expert meetings will be organized aiming to discuss the definitions and approaches
used in projects exploring and or assessing industrial electrification technologies and strategies.
The meetings will focus on sharing experiences in order to generate understanding of advantages
and disadvantages found when using a given set of definitions, approaches and methods. Note
that this action does not aim to design or impose a single methodology among annex members,
but rather seeks to find ways of aligning information gathered through dispersed methodologies.
In the meetings we will aim to discuss pragmatic ways of understanding the differences between
definitions and methodologies and making the insights gained usable for future projects. As a
target, at least two-yearly meetings will be organized.
Subtask 2.3 Understanding system impacts
Rationale
Electrification is an important option for achieving GHG emission reductions in the industrial sector.
However, the large-scale deployment of industrial electrification will not only depend on the availability,
techno-economic and environmental performance of electrification technologies, but also on the ability
of the system to cope with the stress that electrification will produce on renewable electricity capacities
and infrastructure. Furthermore, increased penetration of renewables in the grid is already increasing the
need for flexible use of electricity in the industrial sector. This trend is expected to continue and will have
implications regarding the selection of technologies and the operation conditions that will allow industries
to maximize their use during favorable market conditions. New business cases as well as new markets
(e.g., capacity markets, system services) are also likely to be needed to support the transition. These
examples highlight the complex, intertwined and dynamic characteristics of industrial electrification at
system level. This subtask aims to gather and share information on the system impacts of industrial
electrification.
Implementation
In this task three activities are planned:
2.3.1 The cost and value of flexibility for industrial electrification
This task aims to disseminate knowledge on the impact of flexibility in a) the selection and
operation of electrification technologies, b) within the industrial plant and c) in the larger system.
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As this is relatively a new area, the task will first identify and prioritize, based on a stakeholder
consultation, key knowledge gaps in this area. The knowledge gaps will then be cross-referenced
with projects or case studies carried out by Annex Members as they develop over time. Dedicated
meetings will be organized to share insights obtained from the projects as well as from invited
experts and will also identify further R&D needs. This information can, among others, be used by
Annex members to steer their own research programs.
2.3.2 Sector coupling and infrastructure
Electrification of the industrial sector will test the ability of the system to cope with the stress that
electrification can produce on renewable electricity capacities and infrastructure. There is a need
for understanding the potential demand for renewable electricity, as well as the need for
electricity storage, and implication on system costs among other. This task aims to gather and
disseminate insights from projects carried out by the Annex members in this area.
2.3.3
Facilitate an international expert meeting on exploring the system impacts of sector
coupling
Changes in infrastructure and sector coupling were among the topics that were identified by
stakeholders as important in the stakeholder consultation made in Task 1 and where they felt
there was not enough information available. As first step two expert meetings will be organized
in the first year of the task. The first meeting will focus on sharing work and insights regarding
system assessments of industrial electrification under different scenarios. The second meeting
will focus on the impact of electrification strategies (e.g., direct vs indirect), under different
scenarios, on infrastructure development.
Subtask 4 Enhancing collaboration with other annexes and TCPs
Rationale
Industrial electrification is a broad topic and its scope overlaps with part of the work done in other
annexes, for example Annex XI (industrial biorefineries), Annex XV (industrial excess heat), Annex
XVII (membranes in biomass systems) and Annex XVIII (digitalization and AI) as well as the TCPs
Heat Pumping; Energy Storage, and Hydrogen. It is therefore important to develop channels of
communication that allow for not only exchange of information but also to explore possibilities
for carrying out join actions (for instance workshops) that would be of mutual benefit.
Implementation
2.4.1 Establishing collaboration
This task aims to establish collaboration between Annex 19 and other annexes in IETs as well as
the Hydrogen and heat pumps TCPs. The first step will be to identify “low hanging fruits”, that is,
activities that can be conducted with minimal extra efforts from the parties. This could include
participating in each other workshops, disseminating information from each other among Annex
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members, organizing short conference calls, etc. The activity will make use of the new impulse
within IETS to look for shared activities among the annexes. As a second step, it will be explored
the possibility to carry out a joint activity, for instance, a joint workshop or even a new subtask
with some of those groups. Which tasks and groups cannot be decided yet but the target is to
explore at least one joint activity as part of Task 2.

4.4 Results
The results of the Task will be:
• a synthesis report on findings in the projects included in the Task as well as reported in literature
• a matrix containing an overview of electrification technologies and their characteristics
• an online repository containing factsheets of industrial electrification projects
• an inventory of definitions, system boundaries and approaches used in projects (to be included in
the synthesis report)
• Identification of knowledge gaps and further research needs (to be included in the synthesis
report)
• one report containing discussion points and key findings in the workshops included in the Task (to
be included in the synthesis report)
• a report of the activities conducted with other annexes and or TCPs
• one report from each participant project (one or more per country)
• dissemination activities of each participating country

4.5 Program Task Plan
•
•

A detailed Task Plan shall be developed & submitted to the ExCo 3 months after the start of the
Task.
Meetings shall include 2 to 3 face-to-face meeting and 4 to 6 online meetings during the duration
of the Task (2 years).

4.6 Dissemination
4.6.1
•
•

4.6.2
•
•

Dissemination
General information about the Task will be uploaded on the website of IETS by the IETS
secretariat.
Results from the Task (as above) will be available on the IETS website as well as disseminated by
the Annex Manager, to target stakeholders, based on send lists from participants.
Intellectual property rights
All main results from the Task, including outcomes from workshops shall be open. Parties
participating in the Task, however, may decide if a small part of a report shall be confidential.
Any uploaded / shared material shall mention the original author. Unless otherwise stated and
agreed, the author agrees that the material may be used and copied without restriction.
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4.7

Duration of Task

This Task shall enter into force on 1st of November, 2020 and shall remain in force for a period of 2 years
until 31st of October, 2022.

4.8

Obligations and Responsibilities of the Annex Manager
•
•
•
•

4.9

organize meetings (telephone meetings, webinars or face-to-face meetings) and workshops in
accordance with the description in the Task proposal,
coordinate the work within the Task (including dissemination actions),
be responsible for a synthesis part of the work in the Task,
with help of the participants and IETS, identify new participants to the Task.

Obligations and Responsibilities of the Participants

Participants to the Task commit themselves to:
• Actively contribute to the Task in that they produce work amounting in total to 30 person-weeks
(including participation to meetings and workshops), i.e. 15 person-weeks/year. This amount of
work includes the project to be reported from each participant, financed nationally. To
participants: in accordance to the practice in the IETS-TCP, each participant shall contribute with
at least one project or part of a larger project, already ongoing in your group or your country. The
project(s) will count in the 30 person-month contribution.
• Actively to get corresponding funding, as well as travel and accommodation costs for 2 to 3 faceto-face meetings.
• Actively contribute to the work with the synthesis report.

4.10
•

•

•

Funding and Participation Costs
Funding of work in the Task will be Task-shared. Each participant shall contribute with an amount
of work corresponding to 15 person-weeks per year plus international travel during 2 years, (one
meeting early in the task, one meeting in the middle and one final task meeting). This includes
responsibilities for contributing to the synthesis report. In accordance to the practice in the IETSTCP, project(s)/results that are already financed by the groups/countries and are brought into the
Annex will count in the person-month contribution.
The costs for Task Management will be borne by the countries hosting the Task Managers. The
Annex Manager will be proposed and funded by the Netherlands. The Executive Committee takes
the decision to start a Task, based on a detailed description on funding, objectives, responsibilities
and deliverables prepared by the Task Manager.
Costs for participation for a group in a non-IETS country are 2000 $/year fee (called sponsorship);
if the group belongs to an IETS country, there is no IETS fee to participate in an Annex or a Task.
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4.11

Participants

To be confirmed.
ü Austria
Canada
Denmark (positive, still to be made official)
France
Germany
Italy
Japan (positive, sponsorship still be made official)
ü Netherlands
Norway
Portugal
ü Sweden
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Appendix A. Survey
This annex shows the questionnaire considered for carrying out the survey on industrial electrification.
The survey was distributed via google-forms.
1.

There are several definitions of industrial electrification used in literature. Please write below
what industrial electrification is (or is not) for you

2.

In which areas of industrial electrification is your organization/country interested the most?
Please select as many as needed (mark with an X)

Power-to-heat
Power-to-hydrogen
Power-to-x
System integration
Systems Analysis
Economic Performance
Energy infrastructure

Energy storage infrastructure
Intermittency & flexibility
Renewable electricity potentials
Demand response
Policies
Innovation and R&D
Other (please specify)

3.

Are there any critical topics/aspects within these areas that, in your opinion, require urgent
attention (within the short term)? If so, please list them below.

4.

Is there any focus area that your organization/country is not currently interested in, but you
think is important to address? If so, please list them below.

5.

What is the potential of industrial electrification in your country? Who are the main
stakeholders looking for industrial electrification at this moment?
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6.

Do you expect industrial electrification to affect current infrastructure? And if so how?

7.

What are in your opinion the most relevant policies and mechanisms that could enable the
transition towards the electrification of the industrial sector?

8.

Are there any dedicated funding mechanisms in the area of industrial electrification in your
organization/country?

9.

What do you think are the most important system aspects that should be addressed in this
IETS-Annex (industrial electrification)?

10.

Are there any particular technologies that you think play an important role on transitioning
towards an electrified industrial sector?

11.

Are there any specific plans of your organization/country regarding electrification of industry
in the short to midterm?

12.

How do you envision the participation of your organization in this Annex?

13.

Do you have already a project in mind that you would like to share in the annex?
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