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1. Background 
 
Electrification of the industrial sector has been identified as a key option in research and 
innovation agendas both, at national and international level. Studies available in 
literature indicate a high overall technical potential for industrial electrification as well 
as  significant potential co-benefits, 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 exist 
(for instance, McKinsey 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 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.  
 
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 interconnection 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 are and will hinder informed decision 
making. Because parallel efforts are currently been 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 to coordinate efforts, exchange 
knowledge and lessons, and exploit potential synergies.  
 
The Annex Industrial Electrification aims to be a platform for enhancing collaboration 
between countries in the area of industrial electrification with an emphasis on system 
aspects. The focus of the Annex is on the system aspects of industrial electrification 
rather than on the technologies within each specific pathway. 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.  
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A first draft proposal for the Annex was carried out in 2018-2019. It was decided at that 
moment that the proposal was too research based and that the emphasis should be 
placed on the networking aspects of the annex. Based on this feedback, Task 1, funded 
by the Netherlands, was established. The task was coordinated by prof. Andrea Ramirez 
(Delft University of Technology).  
 
The task aimed to: 

• clarify the current situation, identify overlapping areas of interest and gaps that 
need to be addressed 

• 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. 

• develop a proposal for the further development of the Annex (this draft 
proposal). 

 
Task 1 was carried out in the period October 2019- September 2020 (the task was 
originally intended to be finished in April but due to Covid-19, an extension was 
required).  A report with the specific findings will be submitted for review to the Ex-Co 
in October 2020. 
 
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 an 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 task 1.  
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Figure 1 Overview of the different activities carried out in Task 1 

 
A summary of some of the key findings and highlights of task 1 as described in the report 
are listed below: 
 

• There is not a unique definition of industrial electrification currently been used 
among stakeholders. Interestingly, many stakeholders explicitly include in their 
definition the final aim of electrification, e.g., reduction of greenhouse gas 
emissions (or other pollutants), some include the source of electricity (e.g., from 
renewables), and most (but not all) considered indirect electrification (via 
hydrogen) as part of industrial electrification. 

• Stakeholders were asked during the consultation to select the areas of 
electrification where their organization (or country in the case of governmental 
representatives) are interested the most. The results show a large interest in 
almost all topics provided in the survey, ranging from technologies to system 
aspects. There are not clear preferences at the moments. This was confirmed 
during the interviews as well as during the workshop where stakeholders pointed 
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out that there is need for additional information including sharing of experiences 
in order to be able to make informed decisions. 

• When asked in which system aspects the Annex should focus, stakeholders 
highlighted the following aspects: 

o Sharing of experiences and methodologies 
o Impact of direct and indirect electrification on the grid 
o Investment cycles and business models 
o Holistic evaluation of electrification options (technical, economic, 

environment), also in comparison to other GHG mitigation options.  
o Prioritization of electrification options (under different scenarios) 
o Impact of electrification in the full system (emphasis on CO2 mitigation 

from a life cycle point of view) 
o Analysis of infrastructure demand (under different scenarios) 

• Results of the stakeholder consultation highlighted the importance of 
understanding the characteristics, economic performance, GHG mitigation 
potential 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 electrification 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). 

• Regarding comparability of existing studies, the stakeholders pointed out the 
need for better understanding of the differences in definitions, approaches and 
methodologies used.   

• There is significant concern among stakeholders regarding the impact of 
industrial electrification in increasing the demand of green electricity, increasing 
stress in the transmission grid, energy storage demand, and increased 
curtailment of renewables. Furthermore, there is lack of information on the 
potential role of industry for stabilizing the grid (energy demand management, 
provider of flexibility, etc.) and how and to what extent this is techno-
economically feasible. 

• There is already a pool of projects that have been or are currently carried out by 
stakeholders. This, together with the existence of networks already established 
and working in this area (in e.g., Austria, Germany, Sweden, the Netherlands), 
provides a solid basis for the Annex to establish a useful exchange platform.  

• 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), 
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Annex XVII (membranes in biomass systems) and Annex XVIII (digitalization and 
AI) should be established. 
 

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 catalysers 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 TPCs  

 
This proposal describes Task 2 of Annex XIX. 

2. Industrial Areas 
Industrial electrification is of interest for all type of industries. The industry types often 
named during the stakeholder consultation in Task 1 were oil refineries, chemical, food, 
machinery, pulp and paper, iron and steel, biorefineries, cement. The list covers 
practically all major process industries and also SME’s.  

3. Objectives 
The main objective of Task 2 is  

ü to develop 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 
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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   

4. 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.  
 
The possible subtasks in Task 2 are presented below. This is the result of the original 
suggestion 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 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:  
 

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 
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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 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). 

 
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).  
 

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.   
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Subtask 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. 
 
Implementation 
In this task two activities are planned: 
 

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 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.   
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Subtask 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 
favourable 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: 

 
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. 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.  
 
3.1 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 
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disseminate insights from projects carried out by the Annex members in this 
area. 
  
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 TPCs   
 
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 Heat Pumping and the 
Hydrogen TCP’s. 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 
 
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 TPCs. 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 
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.  
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5. Results 
The results of the Task will be: 
o a synthesis report on findings in the projects included in the Task as well as reported 

in literature  
o a matrix containing an overview of electrification technologies and their 

characteristics 
o an online repository containing factsheets of industrial electrification projects  
o an inventory of definitions, system boundaries and approaches used in projects (to 

be included in the synthesis report) 
o Identification of knowledge gaps and further research needs (to be included in the 

synthesis report) 
o one report containing discussion points and key findings in the workshops included 

in the Task (to be included in the synthesis report) 
o a report of the activities conducted with other annexes and or TPCs 
o one report from each participant project (one or more per country) 
o dissemination activities of each participating country 

6. Program Task Plan 
o A detailed Task Plan shall be developed & submitted to the ExCo 3 months after the 

start of the Task. 
o Meetings shall include 2 to 3 face-to-face meeting and 4 to 6 online meetings during 

the duration of the Task (2 years).  

7. Dissemination 
7.1  Dissemination 

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

o 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. 

 
7.2 Intellectual property rights 

o 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. 
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o 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. 

8. 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. 

9. Resources 
The Netherlands has proposed to contribute the funding required for the Annex 
Manager. The workload for managing the Task will be 2 person-months per year plus 
travels during 2 years.  
 

10. Obligations and Responsibilities of the Annex 
Manager 

The Annex Manager shall: 
o organize meetings (telephone meetings, webinars or face-to-face meetings) and 

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

11. Obligations and Responsibilities of the Participants 
Participants to the Task commit themselves to: 
o 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-TPC, 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.  

o Actively to get corresponding funding, as well as travel and accommodation costs for 
2 to 3 face-to-face meetings. 

o Actively contribute to the work with the synthesis report. 
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12. Funding and Participation Costs 
o 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 IETS-TPC, 
project(s)/results that are already financed by the groups/countries and are brought 
into the Annex will count in the person-month contribution. 

o 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.  

o 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.  

13. 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 
 

 


