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The Strategic Study was conducted by The European House - Ambrosetti
on behalf of Eni. The project team is composed an Advisory Board, re-
sponsible for the strategic steering of the research, whose members pro-
vided scientific advice and paved the way for the direction for the study,
and of a Working Group, in charge of the development of the study.

The Advisory Board is composed by:

1 Joaquin Almunia, Professor, Paris School of International Af-
fairs-Sciences Po; Chairman of the Board of the Centre for European
Studies (CEPS); former Professor in Practice, London School of Eco-
nomics; Honorary President, Barcelona Graduate School of Econom-
ics; Former European Commissioner for Competition [2010 - 2014];
former European Commissioner for Economic and Monetary Affairs
[2004 - 2010]

1 Valerio De Molli, Managing Partner and Chief Executive Officer, The Eu-
ropean House - Ambrosetti

1 Claudio Descalzi, Chief Executive Officer, Eni

1 Fabiola Gianotti, General Director, CERN; member of several interna-
tional committees, such as the Scientific Council of the CNRS (France),
the Physics Advisory Committee of the Fermilab Laboratory (USA), the
Council of the European Physical Society, the Scientific Council of
the DESY Laboratory (Germany), the Scientific Advisory Committee of
NIKHEF (Netherlands)

1 Markus Kerber, Chief Strategist, CDU; Former State Secretary, Ministry
of the Interior - Government of the Federal Republic of Germany; for-
mer CEO and Director General, Bundesverband der Deutschen Indus-
trie - BDI; former Director, Financial and Economic Affairs Department,
Federal Ministry of Finance - Government of the Federal Republic of
Germany

The Working Group of The European House - Ambrosetti is composed by:

Corrado Panzeri, Partner & Head of InnoTech Hub
Alessandro Viviani, Senior Consultant, Project Leader
Gherardo Montemagni, Analyst, Project Coordinator
Giorgia Rusconi, Analyst

Matteo Radice, Junior Consultant

Rossella Carugno, Project Assistant

Zero Carbon Technology Roadmap © The European House - Ambrosetti



Colophon

The Working Group of Eni is composed by:

Lapo Pistelli, Director, Public Affairs

Francesca Zarri, Director, Technology, R&D & Digital

Francesca Ciardiello, Head, Office of the CEO

Francesca Dionisi Vici, Head, Relations with Foreign Institutions and
International Organizations

Luca Giansanti, Head, Relations with European Institutions

Sabina Manca, Head, Analysis, Consolidation & Culture Program
Marco Margheri, Head, USA International Relations Office

Marco Piredda, Head, International Affairs Analysis and Business Sup-
port

1 Monica Spada, Head, Research and Technological Innovation

1 Claudia Squeglia, Head, Domestic Regulatory Analysis and Institution-
al Positioning

Special thanks to Eni’s management, who contributed to the develop-
ment of the Strategic Study trough dedicated interviews:

Adriano Alfani, Chief Executive Officer, Versalis

Stefano Goberti, Chief Executive Officer, Plenitude

Giuseppe Ricci, COO, Energy Evolution

Francesca Zarri, Director, Technology, R&D & Digital

Antonino Abbate, Accounting and Reporting Specialist

Cristiana Argentino, Head, Scenarios, Strategic Options & Climate

Change

Emanuele Banfi, Head, Credit Management and CO2 Volumes Capture

Luigi Ciarrocchi, Director, CCUS, Forestry & Agro-Feedstock

Roberto Ferrario, Head, CCUS Innovation Solutions

Francesca Ferrazza, Head, Magnetic Fusion Initiatives

Rosanna Fusco, Head, Climate Change Strategy & Positioning

Luca Giansanti, Head, Relations with European Institutions

Federico Maria Grati, Head, Agroenergy Services

Raffaella Lucarno, Head, R&D Business Partner Energy Evolution

Andrea Marsanich, Head, Carbon Offset Solutions

Maria Francesca Nociti, Head, Services and Conjunction with the Terri-

tory and Entities Support

Dario Pagani, Head, Digital & Information Technology

1 Thomas Pasini, Head, R&D Business Partner EE/Bio-Fuel and Next Gen-
eration Downstream

1 Marco Piredda, Head, International Affairs Analysis & Business Support

1 Andrea Pisano, Head, Energy Evolution Hydrogen Initiatives

1 Francesco Robillotta, Head, Monitoring, Analysis and Valorization
CCUS & Forestry Activities

1 Ernesto Roccaro, Head, R&D Business Partner EE/Hydrogen
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1 Fabrizio Rollo, Head, CCUS Opportunities Identification and Portfolio
Management

Giuseppe Sammarco, Head, Natural Resources Studies & Analysis
Carmela Sarli, Head, Carbon Storage & Valoritation

Monica Spada, Head, Research & Technological Innovation

Claudia Squeglia, Head, Regulatory Analysis and lItalian Institutional
Positioning

1 Michele Viglianisi, Head, Biorefining and Supply

To address the analysis and gather strategic insights, 13 key experts
were engaged in a confidential one-on-one interview:

1 Robert C. Armstrong, Professor of Chemical Engineering, MIT; Direc-
tor, MIT Energy Initiative

1 Alessandra Beretta, Professor of Chemical Engineering, Politecnico di
Milano

1 Klaus-Dieter Borchardt, Senior Energy Advisor, European & Competi-
tion Law Practice, Baker McKenzie, Brussels

1 Maria Chiara Carrozza, President, National Research Council; Full Pro-
fessor of Industrial Bioengineering, Scuola Superiore Sant’Anna

1 Valerio Cozzani, Full Professor Department of Civil, Chemical, Environ-
mental, and Materials Engineering, University of Bologna; industrial
plant safety expert

1 Giulia Galli, Liew Family Professor of Electronic Structure and Simula-
tions, Pritzker School of Molecular Engineering and University of Chicago

1 Mark Alan Hughes, Founding Faculty Director, Kleinman Center for En-
ergy Policy

1 Christopher Jay Faranetta, CEO and Co-Founder, Nearstart

1 Zoe Knight, Managing Director and Group Head, HSBC Centre of Sus-
tainable Finance

1 Jan Laubjerg, Global Sector Head for Natural Resources, HSBC

1 Giacomo Luciani, Scientific Advisor, Paris School of International Af-
fairs - Sciences Po

1 Ennio Macchi, Professor Emeritus in Energy and Environmental Sys-
tems, Politecnico di Milano

1 Thomas Pellerin-Carlin, Director, Jacques Delors Energy Centre

To develop a different view on European value chains, three working ta-
bles have been organized with the following forty-three stakeholders.
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Working table #1: Hard to Abate industries

1 Koen Coppenholle, CEQ, Cembureau - European Cement Association

1 Maurizio Fusato, Head of Ecological and Energy Transition, Feralpi
Group

Rolando Paolone, CTO, Danieli

Marco Geneletti, Energy Senior Director, Tenaris

Renaud Batier, Director General, Cerame-Unie

Yukasz Gajkowski, Chief Strategy Officer, Cersanit

Florie Gonsolin, Director, Climate Change Transformation, European
Chemical Industry Council - CEFIC

Astrid Palmieri, Senior Sustainability Community Manager EMEA, BASF
Tim Heisterkamp, Head of Technology & Environmental Policy, Linde
Silvio Di Cesare, Head of Value Chain and Sustainability Strategy, Sasol
Marco Rosso, Global Corporate Affairs Director, Valagro

David Cast, Climate Change Director, NSG Group

Luca Sassoli, CEO, Burgo Energia; Climate Change and Energy Com-
mittee Chairman, Confederation of European Paper Industries — CEPI
1 Heinz Felder, SVP Group Technology & Investments, Stora Enso

Working table #2: Heavy Transport

1 Michele Ziosi, Senior Vice President Institutional Relations & Sustain-
ability, IVECO Group

1 Lars Martensson, Environment and Innovation Director, Volvo Trucks

1 Riccardo Cornetto, After Sales Director, Solaris Italia Srl

1 Martina Di Palma, Sustainability Manager, European Region Airlines
Associations

1 Roberto Garavaglia, Senior Vice President Strategy & Innovation, Leon-
ardo

1 Martin Gorricho, Regional Lead-EU Sustainability Policy and Partner-

ship, Boeing

Sandro De Poli, President, AvioAereo

Val Miftakov, Founder and CEO, ZeroAvia

Andy Kershaw, Environment Manager, British Airways

Hemant Mistry, Director of Energy Transition, International Air Trans-

port Association

1 Davide Canuti, Head of Environmental Assessment and Certifications,
SEA Milan Airports

1 Roberto Barbieri, CEQ, GESAC

1 Michele Miedico, Head of Salerno Project, Planning & Environment, GESAC

1 Giulio Tirelli, Director of Business Development Marine Power, Project
Services, Wartsila

1 Hyun-ho Lee, Vice President and Managing Director of Maritime Re-
search Institute, Hyundai Heavy Industries
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1 Pierpaolo Da Fieno, Managing Director, MAN Energy Solutions
1 Dario Bocchetti, Head of Energy Saving, R&D and Ship Design, Grimaldi
Group

Working table #3: Nuclear Fusion initiatives

Roberto Adinolfi, President, Ansaldo Nucleare

Paola Batistoni, Head of Fusion Development, ENEA

Chris Martin, Chairman, Tokamak Energy

Mark Anderton, Project Development Engineer, Oxford Sigma

Johan Gijerholm, Project Manager, Nuclear Materials and Water Chem-

istry, Studsvik

1 Elisabetta Bragagni Capaccini, Group CEO, Tratos Cavi

1 Norbert Heinzle, Chief Operation Officer, Butting Group

1 Francesco Volpe, Founder, CEO and Chief Technology Officer, Renais-
sance Fusion

1 Melanie Windridge, Founder, Fusion Energy Insights

1 Marco Ricotti, Chairman of Technical Working Group on Small Modu-
lar Reactors, IAEA; Full professor in Nuclear Engineering, Politecnico di
Milano

1 Alessandro Maffini, Assistant Professor & Researcher, Project EN-
SURE, Politecnico di Milano

1 Dan Brunner, Chief Technology Officer, Commonwealth Fusion Systems

1 Christopher Jay Faranetta, Vice President & Co-Founder, NearStar Fusion

The contents of this Study refer exclusively to the analysis and research
carried out by The European House - Ambrosetti and represent its opin-
ion which may not coincide with the opinions and viewpoint of the indi-
viduals interviewed and involved in the initiative.
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Foreword by Claudio Descalzi

The summer we are experiencing — with elevated temperatures, high
prices and energy and water shortages —is a strong indicator of the chal-
lenges we face: containing the rise in global temperatures in line with the
Paris Agreement’s objectives whilst guaranteeing reliable, low-cost and
sustainable energy to a global population that is expected to exceed 9
billion people in 2040.

We are talking about challenges which call into play a multitude of fac-
tors, from the research into new energy sources and solutions to the
transformation of industrial processes, to the ways in which we produce
and consume energy, right up to new alliances among the stakeholders
to design low carbon futures for assets and territories.

Above anything else, it is my strong belief that the energy transition re-
quires the adoption of a neutral approach to energy solutions, one which
allows us to deploy every option in a synergic and complementary man-
ner, based on the maturity of each option and its effectiveness to reduce
emissions.

Over the last six years, Eni has invested more than 7 billion Euro in the re-
search, development and deployment of different technologies, signed
more than 70 partnership agreements with various universities and re-
search centres all over the world, engaging 1,500 professionals in such
activities.

In the short term, Eni, in line with an unbiased vision of a decarbonisa-
tion technologies portfolio, aims to deploy at the industrial scale every
technology that can provide an immediate, tangible, and substantial
contribution to emissions reduction. With regards to this, through Plen-
itude, Eni is committed to increase its capacity from renewable sources
to more than 2 GW in 2022 and to 6 GW by 2025. With the conversion
of traditional refineries to bio-refineries, by 2025 we will reach a bio-re-
fining capacity of 2 million tons per annum (MTPA), contributing to the
decarbonisation of the transport sector. Furthermore, this process is in-
tegrated with vegetable oil production from agricultural value chains in
Africa, through agri-business projects, and with new technological solu-
tions aimed at reusing waste and residues. Additionally, through the de-
velopment of hubs for the capture and storage of CO, Eni will be capable
of contributing to the decarbonisation of industrial areas, maintaining
competiveness and employment levels as well as opening up the blue
hydrogen value chain. Finally, Eni is working on green hydrogen projects,
with an estimated total production of 4 MTPA by 2050.
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At the same time, Eni believes it is necessary to focus the long term, by
contributing to the development of breakthrough technologies such as
magnetic fusion, something that could revolutionise the energy-produc-
tion world by guaranteeing a sustainable, clean, and prosperous future.
Eni is substantially contributing to the development of magnetic fusion
by being the largest shareholder in the Commonwealth Fusion Systems
(CFS) project, an MIT spin-out aiming to build the first experimental de-
vice by 2025, with a first commercial plant within the next decade.

All technologies, especially proprietary technologies, along with the cre-
ation of new business models and stakeholder alliances are, in fact, a
fundamental element of Eni’s strategy.

It is through all above-mentioned technologies that the collaboration be-
tween Eni and The European House - Ambrosetti was born, leading us
to this Strategic Study. The Strategic Study offers a detailed mapping of
the technological options we have at our disposal to endure the decar-
bonisation pathway, highlighting that a significant change is necessary
to reach energy transition objectives: all technologies must be consid-
ered in a complementary way and judged on their ability to make a real
contribution to reducing CO, emissions following a life cycle assessment
logic, avoiding the temptation to turn it into an ideological matter. The
Strategic Study provides practical examples as to how the principle of
technological neutrality alongside detailed policy proposals can help the
European Union reach full decarbonisation by 2050.

| also believe it is crucial to maintain an open and continuous dialogue on
energy transition among institutions, citizens, businesses, and research
bodies: we need to discuss objectively, select the best options to fit each
context and then move swiftly to the deployment of the solutions that
have been identified. It is not just about our ability to preserve the cli-
mate, but also about our competitiveness as an industrial system and its
ability to create high quality employment. Lastly, it is about cohesion in
our societies.

| would like to thank The European House - Ambrosetti, the members of
the Advisory Board, all Eni colleagues who have contributed, as well as
those representatives of other companies and industry associations in
different sectors for having enriched the Study with their expertise and
opinions.

Claudio Descalzi
CEO, ENI
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Preface by Valerio De Molli

“Climate change cannot be solved
without substantial advancements in technology”.
H. Lawrence Culp, Jr.

The IPCC Report published in August 2021 and the conclusions of the
subsequent COP26 contain some clear indications on the risks and costs
of climate change. Over the past 30 years, despite numerous commit-
ments, governments, institutions, and companies have failed to imple-
ment concrete and effective measures to reduce greenhouse gas emis-
sions. In fact, it has been demonstrated that, to date, the most ambitious
plans put in place by the governments of the world’s major economies
will not be sufficient to contain the temperature increase within the 1.5°C
threshold, as envisaged by the Paris Agreement.

What is needed, therefore, is a change of pace of the decarbonisation
process of our society to reduce greenhouse gas emissions faster than
hitherto, multiplying the rate of reduction of the last decade by four
times to reach net zero emissions in 2050, without sacrificing welfare
and social equity. To this end, research and technological development
are our most important allies.

The Strategic Study “Proposal for a Zero Carbon Technology Roadm-
ap - The alternative decarbonisation for Europe”, the first of its kind,
was developed with the aim of defining, with the utmost authority and
according to super partes criteria, a reference framework of the technol-
ogies required to manage the decarbonisation process.

Through a rigorous analysis of 185 sources of academic-scientific lit-
erature and intensive discussions with 56 stakeholders, including aca-
demic experts and managers from Europe’s major Hard to Abate supply
chains, the 100 key technologies for decarbonisation were identified.

The mapping process highlighted the fact that, in order to reach the de-
carbonisation targets, renewables and electricification must be put in
synergy with a broader set of technologies including Carbon Capture
Utilisation & Storage (CCUS), Carbon Dioxide Removal (CDR), hydrogen,
biofuels and synthetic fuels.
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To maximise the development potential of decarbonisation technologies,
the Strategic Study has identified nine timely and concrete policy propos-
als that we want to bring to the attention of policy makers. Notably, the set
of proposals detailed by the Strategic Study aims to promote a principle of
technology neutrality in Europe in the field of decarbonisation, in which
the synergetic and the complementary contribution of all available tech-
nologies must be harnessed to achieve the goal of net zero CO, emissions.

The Strategic Study demonstrated that, only through the adoption of the
principle of technology neutrality and the promotion of a diversified set
of technologies, it is possible to achieve complete decarbonisation even
in the Hard to Abate sectors. Moreover, according to the estimates of an
econometric model constructed by The European House - Ambrosetti,
between 2023 and 2050, the diffusion of the set of technologies identi-
fied could generate more than 2,700 billion Euro in added value, creating
1.7 million jobs by 2050 at the European level.

The development of the analyses contained in the Report benefited from
the participation of 56 stakeholders from various economic sectors and
the academic world, who contributed by participating in working tables
(43 participants) and through confidential interviews (13 experts). My
heartfelt gratitude goes to all of them.

I would like to thank the Advisory Board, composed by Claudio Descalzi
(Chief Executive Officer, Eni), Joaquin Almunia (Professor, Paris School
of International Affairs-Sciences Po; former Professor, London School of
Economics; Honorary President, Barcelona Graduate School of Economics;
former European Commissioner for Competition [2010 - 2014]; former Eu-
ropean Commissioner for Economic and Monetary Affairs [2004 - 2010]),
Fabiola Gianotti (Director General, CERN; Member of numerous interna-
tional committees, such as the Scientific Council of the CNRS (France), the
Physics Advisory Board of the Fermilab laboratory (USA), the Council of the
European Physical Society, the Scientific Council of the DESY laboratory
(Germany), the Scientific Advisory Board of NIKHEF (Netherlands)) and
Markus Kerber (Chief Strategist, CDU; Former State Secretary, Ministry of
the Interior - Government of the Federal Republic of Germany; Former CEO
and Director General, Bundesverband der Deutschen Industrie - BDI; For-
mer Director, Department of Economic and Financial Affairs, Federal Min-
istry of Finance - Government of the Federal Republic of Germany).

We also thank the Eni managers who contributed, through interviews and
discussions, to the analyses contained in this Strategic Study.
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Lastly, a heartfelt thank you to my colleagues of The European House -
Ambrosetti Working Group formed, in addition to myself, by Corrado Pan-
zeri, Alessandro Viviani, Gherardo Montemagni, Giorgia Rusconi, Matteo
Radice and Rossella Carugno.

Valerio De Molli
Managing Partner & CEQ,
The European House - Ambrosetti
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Preface by Joaquin Almunia

Nowadays, climate change is no longer a possibility, but a reality. The
factors behind the global warming had been anticipated by experts and
now are fully confirmed by the data available so far and the events we
are observing almost every day. The worldwide governance needs seri-
ous improvements to tackle the challenges ahead and will require from
political and economic leaders a lot of decisiveness and coordination. In
parallel, the financial resources, both public and private, to support the
costs associated with an efficient and fair green transition will be huge
and demand serious efforts from the fiscal authorities as well as from
many economic and social sectors. Moreover, in addition to the political
awareness, the adequate orientation of policy strategies and the level of
its funding, the contribution of technological solutions essential.

Some of these technologies are already being used to contribute to the
reduction of carbon dioxide and other greenhouse gases. Wind and solar
renewable energy are competitive in price and their use is growing. But
it will not be enough. Other technologies that should also contribute to
reach the medium to long term targets defined by international agencies
and the European Union are not yet available and will surely be needed to
complement the present efforts.

The present study offers a very comprehensive and robust analysis of
around one hundred of such technologies, from hydrogen to synthetic
fuels and from carbon capture and storage to direct removal of CO, from
the atmosphere. The expectations to finally succeed with the employa-
bility of nuclear fusion technologies to generate electricity without de-
pending on any inputs from abroad are also analysed.

It has been a real pleasure to participate as an Advisor of the authors of
this Study, learning a lot from the highly qualified teams from The Euro-
pean House - Ambrosetti and ENI, as well as from the views of the numer-
ous stakeholders that were consulted. | very much look forward that the
conclusions presented will be useful to foster the efforts developed by
all those who wants to contribute, be it as industrials or policymakers, to
preserve our planet for the next generations.

Joaquin Almunia
Professor, Paris School of International Affairs-Sciences Po
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Preface by Fabiola Gianotti

Curiosity, the desire to understand how things work and answer complex
and fascinating questions, and the need to find solutions to everyday
challenges have always driven scientific research and enabled human
beings to achieve extraordinary goals and build modern society.

The need to cope with climate change is surely one of the greatest chal-
lenges mankind has ever faced, and there is an urgent need to identi-
fy channels of scientific research and technologies that can help slow
down and subsequently reverse the process of transformation of the cli-
mate and the planet.

Today more than ever, it is necessary to look to science and technology,
without which the climate problem and other planetary challenges can-
not be successfully addressed. In this context, the role of governments
is to set goals and provide policy support, financial resources and mech-
anisms to encourage large investments in research, development and
implementation of new solutions, enhancing as much as possible the re-
lationship between research institutions and other public actors, private
companies and citizens.

The energy system and emission sources constitute a highly complex
problem for which ‘one-size-fits-all’ solutions cannot be identified.
Therefore, a broad approach is needed to pursue multiple channels of
research and development and to identify a coherent set of solutions.
Global coordination is needed to achieve concrete goals in this and the
other fields identified in the 17 UN Sustainable Development Goals.

The energy transition is urgent, but it must be carried out wisely, with a
coherent strategic vision for the short, medium and long term. To this
end, it is necessary to invest in optimising existing technologies, while
at the same time examining long-term opportunities. In the nuclear field,
fusion promises to be one of the energy sources of the future, being
practically unlimited and emission-free. But its implementation on an
industrial scale still requires investments and time. Interesting devel-
opments are underway to make nuclear fission cleaner and safer using
thorium as fuel and particle accelerator-based technologies.

Finally, it is crucial to train and prepare the human capital needed to
achieve the energy transition by attracting young people to study STEM
subjects (Science, Technology, Engineering and Mathematics). Today,
in Europe, the number of young people trained in these fields does not
match the demands of the labour market.
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This Strategic Study is a tool of great interest. It highlights the need for
an open approach to support different technological options with poten-
tial impact on climate change, together with the importance of frontier
research and the relevance of collaboration between policy makers, the
research community and industry.

Fabiola Gianotti
Director General, CERN
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Preface by Markus Kerber

Climate change is one of humanity’s biggest challenges in the 21st centu-
ry. This proposal for a Zero Carbon Technology Roadmap is an enormous-
ly important contribution in the discussion around the right strategy for
decarbonisation as it comes at a crucial moment for Europe’s future pol-
icymaking. Based on a broad scientific and technological canvas as well
as numerous in-depth interviews with industry practitioners and scien-
tist alike, The European House - Ambrosetti has carried out an Initiative
with strong and relevant policy conclusions that European policymakers
and European institutions must not ignore.

Amid the energy crisis that Russia’s attack on Ukraine has created, the
Initiative requests nothing less than a step change in all areas of cli-
mate sustainability for Europe to achieve all decarbonisation goals. This
rather harmless sounding conclusion entails serious and wide-ranging
alterations to existing European Commission and European Member
States’ climate policy designs. The present Initiative has identified 100
decarbonisation technologies that will need to be promoted following a
principle of technological neutrality if Europe wants to achieve climate
neutrality. The leveraging of all these decarbonisation technologies is a
conditio sine qua non if Europe wants to meet its internationally agreed
and contracted climate policy goals in the global attempt to limit global
warming to below 1.5 degrees Celsius compared to pre-industrial levels.

European industry is the key developer and provider of critical know-how
and technologies to limit global warming processes. Carbon Capture
Utilization and Storage (CCUS) and Carbon Dioxide Removal (CDR) are
secure and reliable technologies that must be a lot more widely applied
across Europe. In addition to these technologies, hydrogen, biofuels,
and synthetic fuels technologies are together indispensable for achiev-
ing full decarbonisation by 2050. The extent to which nuclear energy
technologies can and shall contribute more widely to the decarbonisa-
tion goal must be a top short-term policy agenda item in both Brussels
as well as so far sceptical member states such as Germany or Austria.
The coincidence of an ambitious European climate policy promise, and a
war-induced energy crisis must be used to integrate energy and climate
policies across Europe at a much faster pace.

Any crisis should always be interpreted as an opportunity to overcome
inertia and complacency. Europe is currently being faced with the op-
portunity to design and implement a coherent and integrated European
climate and energy policy design that fulfils climate neutrality require-
ments, and at the same time ensures secure, resilient and competitive
access to energy for citizens and enterprises alike. European policy mak-
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ers need to act fast and in a decisive fashion, and The European House
- Ambrosetti and the conclusions of the present Initiative can serve as a
roadmap to guide these necessary decisions. If European policy makers
do make bold decisions, they will reap trust and gratitude by European
citizens politically as well as economically. Alongside the possibility to
reach 100% decarbonisation in Hard to Abate sectors —a target that can-
not be reached without the proposed set of technologies — the full and
early wide adoption of the proposed roadmap between 2023 and 2050
will generate more than Euro 2.7 trillion and about 1.7 million new jobs in
Europe as of 2050. There is no more time to be wasted, the roadmap is
clear. The time for making the right decisions has come.

Markus Kerber
Chief Strategist, Christian Democratic Union
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The mission of the Strategic Study conducted by The European House
- Ambrosetti on behalf of Eni, is to promote a principle of technological
neutrality in Europe in the field of decarbonisation, in which the synergic
and complementary contribution of all available technologies needs to
be exploited to reach the Zero Carbon target.

The Study presents, with the utmost authority and according to su-
per-partes criteria, a reference framework to manage decarbonisation
in Hard to Abate sectors providing a first of a kind technology framework
and mapping of available solutions to achieve the decarbonisation ob-
jectives. The aimis to encourage the adoption of a broad scope for dede-
carbonisation technologies based on the cost-effective ability to reduce
CO, emissions.

The Initiative was guided by an Advisory Board, responsible for the
strategic steering of the research, whose members provided scientific
advice and paved the way for the direction for the Study. The Advisory
Board is composed by:

1 Claudio Descalzi, CEO, Eni;
1 Valerio De Molli, Managing Partner and CEO, The European House -
Ambrosetti;

1 Three Scientific Advisors:

» Joaquin Almunia, Professor, Paris School of International Affairs
-Sciences Po and Chairman of the Board of the Centre for Europe-
an Studies (CEPS); Former European Commissioner for Competi-
tion [2010 - 2014]; Former European Commissioner for Economic
and Monetary Affairs [2004 - 2010];

D Fabiola Gianotti, General Director, CERN; Member of several inter-
national committees (Scientific Council of the CNRS, Physics Advi-
sory Committee of the Fermilab Laboratory, Council of the Europe-
an Physical Society);

» Markus Kerber, Chief Strategist, CDU; Former State Secretary,
Ministry of the Interior — Government of the Federal Republic of
Germany; former CEO & Director General, Bundesverband der
Deutschen Industrie (BDI).

The Initiative was carried out through an intense stakeholder engage-
ment activity: thirteen key experts with a scientific, institutional, and
industrial background were engaged in a confidential one-to-one inter-
view to address the analysis and gather strategic insights. Additional-
ly, Eni's management contributed to the development of the Strategic
Study trough dedicated interviews. Lastly, to develop a different view
on European value chains, three Working Tables have been organized
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with forty-three stakeholders, who represented the viewpoints of three
key areas: Hard to Abate industries, Heavy Duty transport, and nuclear
fusion initiatives. The whole stakeholder engagement process was con-
ducted following a bottom-up approach, with the aim to bring together
several points of view. Lastly, the stakeholder engagement process was
coupled with an extensive analysis of the scientific literature, whereby
185 scientific sources have been consulted.

The ten questions which guided the development of the Strategic Study
are summarized in the following figure. First, the reference context was
identified; then all the available technologies for the alternative decar-
bonisation of the reference context were mapped; based on the combi-
nation of the identified technologies, a Zero Carbon Technology Roadm-
ap has been constructed; lastly, the policy requirements to facilitate the
implementation of the Roadmap have been developed.

Figure 1

The guiding questions of the Strategic Study

Source: The European House - Ambrosetti, 2022

The reference
context

How are emissions distributed among different sectors
(e.g.: manufacturing, transport, etc.)?

What are the scenarios for reducing emissions and absorbing C0,?

Technologies
for the alternative
decarbonisation

What are the available technologies and technological
developments with the greatest impact on decarbonisation targets?

What criticalities in the current system do they help to solve?
What is the impact on the ability to meet climate targets?

What are the potential breakthrough technologies that will
be available in the future?

Zero Carbon What are the criteria for technological neutrality?

00 00600 00

Technology

Roadmap What are the impacts of technologies on different sectors?
What are the recommendations for a Zero Carbon
Technology Roadmap for Europe?

Zero Carbon o Whatare the possible policies for the governance

innovation of energy innovation?

governance

10 What are the consequent economic and social impacts
for European value chains?
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The Strategic Study revolves around ten key messages summarising the
main findings. In addition, nine policy proposals were identified with the
aim to promote and foster the deployment of the set of 100 technologies
identified by the analysis.

Key message #1

A step change is required in all areas of climate sustainability to meet

the European decarbonisation goals. It is crucial that the decarbonisation
process ensures at the same time secure, resilient and competitive access
to energy. Technological dependence must be considered on a par with
energy dependence.

The Paris Agreement was signed in 2015 by 196 countries, with the ob-
jective to "limit global warming to well below 2°C, preferably to 1.5 de-
grees Celsius, compared to pre-industrial levels”. In 2021, during the
COP 26, most participant countries agreed to reduce emissions by 2030
and reach zero emissions by 2050, planning the related financings. No-
tably, since 1919, temperature has already reached +1.1°C (in 2019) and
in the period 1980-2020, the cumulative economic damages of climate
change are equal to 487 billion Euro in the European Union.

Clearly, a step change is required to meet the European decarbonisation
goals: emissions must be reduced by 5.5% per year to achieve a negative
emissions balance, but at the current trend the -55% emissions target
will be missed by 16 percentage points in 2030 and will only be reached
in 2050.
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Figure 2

Climate-changing gas emissions = Historical data
in Europe (MtonCOze), Inertial projection
1990 - 2019 and policy scenarios — New 2030 target

Source: elaboration The European House - Ambrosetti on IPCC data, 2022
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Furthermore, technological dependence must be considered on a par
with energy dependence: it is crucial that the decarbonisation process
ensures at the same time secure, resilient, and competitive access to
energy. The European Commission has identified 137 product catego-
ries in which the EU is strategically dependent, of which 52% are import-
ed from China. These products are divided in three clusters:

1 Raw materials: includes beryllium, cobalt, antimony, lithium, alumini-
um, manganese, chromium, nickel, tungsten, molybdenum, etc.;

1 Health products: includes personal protective equipment, antibiotics,
vitamins, hormones, heterocyclic organic compound;

1 Renewable technologies and digital products.
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Figure 3

Country of origin of dependency (percentage of total), 2019

Source: The European House - Ambrosetti on European Commission data, 2022
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Four decarbonisation technologies (batteries, fuel cells, solar and wind)
are dependent on high risk supply chains materials, such as rare earths
and other imported raw materials, according to the European Commis-
sion. This issue becomes even more pressing since material demand
is expected to increase dramatically; in 2030, wind power material de-
mand is expected to increase by 44 times, solar photovoltaic demand
by 7 times and electric vehicles demand by 49 times, considering 2015
demand as the baseline. Access to materials and rare earths is proving
to be a major area of risk for the European energy transition: the high
dependency might jeopardise the energy and electric vehicles shift, and
eventually the achievement of the Union’s climate objectives.

Notwithstanding, the EU has been working to mitigate such risks. Among
the solutions, the EU is supporting the implementation of a Circular
Economy in the raw materials value chain so as to reduce pressure on
primary demand, decrease environmental impacts, and create new job
opportunities.
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Figure 4

Materials exploited in renewables and fossil fuels (kg/MW)
and Materials exploited in electric and traditional ICE vehicles
(kg/vehicle), 2022

Source: The European House - Ambrosetti on European Commission data, 2022
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The most strategic and effective way to address decarbonisation is by working
on both energy and non-energy emissions, with a focus on Hard to Abate
industries, power generation and heavy transports.

The datacollected through scientific analyses, and the evidence emerged
during the Working Table discussions and dedicated interviews point out
that the most strategic and effective way to address decarbonisation is
by working on both energy and non-energy emissions, such as indus-
trial process emissions. Although most emissions (72%) are generated
from fuel combustion, non-energy emissions account for 28% of the
ones in the the European Union. Both components must be addressed to
achieve full carbonisation.
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Figure 5

Share of GHG emissions from different source sectors
in Europe (% and Mton), 1990, 2005 and 2019

Source: The European House - Ambrosetti on Eurostat data, 2022
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Notably, the focus should be on Hard to Abate industries, Heavy Duty
transport and power generation from fossil fuels. These sectors are the
hardest to decarbonise, considering the nature and scope of their emis-

sions:

1 Hard to Abate industries, such as cement, iron and steel, and chemical
sectors, rely on fossil energies for 81% of their final consumption and,
on average, 51% of emissions are generated from industrial processes;

1 Heavy Duty transports rely on fossil fuels for more than 90% of fuel
consumption, and electrification is a long-term challenge in Heavy

2005 2019

Duty, and is also not an option for aviation;

1 Power generation poses a challenge because a minimum share of fos-
sil fuels (3.4% in EU in 2050) will be required to ensure energy system
adequacy and flexibility.

Europe is faced with a technological development challenge to decar-
bonise these sectors; hence all available technologies must be leveraged

to achieve the target of full decarbonisation.
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Figure 6

The most difficult sectors to decarbonise
and corresponding challenges

Source: The European House - Ambrosetti on Eurostat data, 2022
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All net zero scenarios and the main long-term strategies of European Member
States agree on the need to leverage a plurality of technologies to achieve
the international target of limiting global warming to below 1.5°C compared
to preindustrial levels.

The only way to effectively achieve full decarbonisation is to leverage
all possible technological levers: renewables, electrification of end-uses
and energy efficiency will play a crucial role in the energy transition, but
they must be coupled with other mitigating measures. The most effec-
tive strategy is to combine, on a case-by-case basis, energy efficiency,
renewable energies, decarbonised carriers, and CO, capture technolo-
gies. As a matter of fact, all net zero emissions scenarios developed by
the Intergovernmental Panel on Climate Change (IPCC), the Internation-
al Energy Agency (IEA), and the main long-term strategies of European
Member States agree on this requirement. Carbon Capture Utilization &
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Storage (CCUS) and Carbon Dioxide Removal (CDR), hydrogen, as well as
biofuels and synthetic fuels are all key technologies to achieve full de-
carbonisation that are considered relevant in the IEA scenario, whereby
43% of the mitigation measures relates to electrification and wind and
solar technologies, but 57% of CO, reduction requires other technolog-
ical levers — of which CCUS and CDR, hydrogen and bioenergies com-
bined represent 29% of total emission reduction contribution.

Figure 7

Share of contribution of each mitigation measure in the NZE 2050
scenario (% of total emission reduction), 2020-2050
Source: The European House - Ambrosetti on IEA data, 2022
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Key message #4

Achieving climate neutrality requires leveraging all possible technological
levers, combining, on a case-by-case basis, renewable energies, decarbonised
carriers and CO, capture technologies. A total of 100 decarbonisation
technologies have been identified that need to be promoted in order

to optimise investments following a principle of technological neutrality.

Following an in-depth analysis of all decarbonisation plans, scientific pa-
pers and data collected through the stakeholder engagement process,
a total of 100 decarbonisation technologies have been identified that
need to be promoted to optimise investments following a technological
neutrality principle along the whole energy production value chain.
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Figure 8

Technologies underlying the Zero Carbon Technology Roadmap

Source: The European House - Ambrosetti, 2022
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The mapped technologies rely on five decarbonisation levers:

1 energy efficiency to decrease energy demand without compromising
the fulfillment of societal needs;

1 Carbon Neutral energy production that does not emit greenhouse gas-
es (GHG) or can capture, permanently store or compensate their GHG
emissions;

1 production and use of Carbon Neutral energy vectors that do not emit
GHG apart from biogenic emissions generated from the exploitation of
biofuels, or can capture permanently CO, or compensate GHG emissions;

1 CO, emission compensation allows to offset unabated emissions, by
subtracting CO, from the atmosphere;

1 CO, infrastructure technologies to enable the transport, use or stor-
age of the captured CO, with CCUS in fossil fuel combustion and in
non-energy emissions or hydrogen production, CDR for the capture of
atmospheric CO,. These infrastructures are also necessary to provide
the CO, necessary to produce synthetic Carbon Neutral fuels, along
with other industrial products.

Figure 9

Decarbonisation levers
The arrows show the exchange of CO, between levers and sub-levers for production
and usage of the reference technologies

Source: The European House - Ambrosetti, 2022
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The implementation of these technologies will enable the Carbon Neu-
trality of each emitting activity, and the application of this principle to
whole value chains allows to achieve full decarbonisation under a Life
Cycle Assessment perspective. Notably, the Strategic Study has identi-
fied three high-potential technological areas, which can be exploited to
complement renewables and electrification to achieve the decarbonisa-
tion objectives: CCUS and CDR, hydrogen and, finally, biofuels and syn-
thetic fuels.

Key message #5

Carbon Capture Utilization & Storage (CCUS) and Carbon Dioxide Removal
(CDR) are ready, scalable, competitive and safe technologies to accelerate
the decarbonisation path.

There are currently 135 CCUS projects worldwide, 38 are located in Eu-
rope (28% of total). The 43% of worldwide projects is in an advanced de-
velopment phase, while only 20% are operational. Notably, 11 European
National Energy and Climate Plans contain explicit mention of CCUS and
CDR as a measure to achieve the net zero emissions objectives, especial-
ly for the decarbonisation of Hard to Abate sectors, and dedicate parts of

their National Resilience and Recovery Plans to develop national CCUS
infrastructures.
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Figure 10

CCUS and CDR mentions and fundings in European Member States
Source: The European House - Ambrosetti on NECP and NRRP data, 2022
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Among these plans, a special mention goes to the Dutch government,
which has awarded CCUS as the most cost-effective technology in its
"Stimulation of sustainable energy production and climate transition”
program. Considering a fifteen-year span, the amount of CO, abated by
the CCUS technologies per Euro invested is about three time larger than
Solar PV, heat pumps, wind power and electric boilers.

Figure 11

Sustainable energy transition subsidy scheme (SDE++)

2020 budget allocation (% and billion of Euros)

and Technology efficiency: amount of CO, sequestered in 15 years
per bn of investment (MtonCO, absorbed in 15 years/bn Euro)

Source: The European House - Ambrosetti on SDE++ data, 2022
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To foster the implementation of CCUS and CDR at the European level and
increase their decarbonisation potential while leveraging on a technolo-
gy neutrality principle, the following policy proposals have been defined:

Policy Proposal #1

1 Envisage the development of a regulatory framework for CCUS according to
a single European market logic, providing the creation of infrastructures with
access for all Member States

1 Foster the inclusion of CCUS in the energy and climate planning of all EU
Member States

Pollcy Proposal #2

Put in place a policy mechanism that allows to account for negative
emissions, currently not possible under the EU Emissions Trading System
(ETS)

1 Introduce a financing mechanism to de-risk industrial investments
in large-scale CDR demonstration facilities

Key message #6

Hydrogen should be exploited as a Carbon Neutral energy carrier with great
potential for decarbonising end-uses without increasing competition for
access to renewable electric energy.

The production of Carbon Neutral hydrogen from fossil fuel coupled with
CCUS i.e., blue hydrogen, is required to enable fast and competitive mar-
ket growth on both the demand and supply side, without increasing com-
petitions with renewables.

As of 2020, the cost of hydrogen from renewables was twice the price
of hydrogen from natural gas with CCUS. Even though the former is ex-
pected to decrease by 65.2% in 2050, it is necessary to foster the pro-
duction of hydrogen coupled with CCUS in the short term to facilitate the
future employment of renewable hydrogen by creating a market for hy-
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drogen and a value chain. Another challenge posed by the production of
renewable hydrogen is the additional capacity of renewable electricity
necessary to generate from electrolysis all the hydrogen consumed in
the EU: in 2020, the additional capacity required was 47%, whereas in
2030 it is expected to be 34%.

Figure 12

Hydrogen'’s costs according
to different technologies (€/KgH,),
based on 2020 prices 2020 Min. Val.

Source: The European House - Ambrosetti ® 2020 Max. Val.
on Paper «Cost-effective Decarbonisation Study»,

European University Institute and Florence School 2050 Min. Val.
of Regulation (2020) and other sources, 2022 @® 2050 Max. Val.
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Finally, it is important to underline that, in the medium term, the pro-
duction of hydrogen with electrolysis reduces of about three times the
decarbonisation potential of electric Renewable Energy Sources (RES).
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Figure 13

The decarbonisation potential of 1 kWh
of electricity from Renewable Energy Sources

Source: The European House Ambrosetti on literature review data, 2022

G

1 kWh of electricity from RES

What is its potential

. -
Option #1 for decarbonisation?

—> Option #2

Substitute fossil Replace hydrogen produced
sources in electricity from fossil sources
generation with hydrogen from electrolysis

o o

350-700 g CO, saved 94 g CO, saved
(depending on whether replacing

Hydrogen vs. natural gas steam

gas or coal-fired generation) reforming with CCUS

To encourage the production and usage of blue hydrogen and create a
market for hydrogen at the European level that will simplify the future
large-scale deployment of green hydrogen, the following policy proposal
has been defined:

Policy Proposal #3

Recognize as sustainable the hydrogen generated from fossil fuel with
CCUS when demonstrated that there are no unabated or uncompensated
emissions under a Life Cycle Assessment. This will make it possible to
sustain the conversion of current gray hydrogen plants and support the
diffusion of hydrogen fuelled technologies in the short-term, facilitating the
future uptake of hydrogen from electrolysis

Promote the diffusion of a European policy reference standard to be
applied in all Member States to provide technical and regulatory clarity for
companies involved in hydrogen valley and other implementation projects

Zero Carbon Technology Roadmap © The European House - Ambrosetti



Executive Summary

Key message #/

Biofuels, whose production is not in competition with food, can be
a Carbon Neutral solution that can replace traditional fuels while minimizing
the necessary changes in consumption systems and supply chains.

Notably, biofuels not in competition with food and feed chains are those
derived from residuals, non-edible oils, agricultural and municipal waste,
algae, discarder animal fats and glycerine. The important aspect of bio-
fuels is that they can be used right away in existing systems, accelerat-
ing the decarbonisation process. As an example, almost all circulating
diesel truck can run on 100% biodiesel. Bio-feedstock can be even used
to substitute fossil carbon in some chemical productions. This must
be considered taking into account the possibility to act on the existing
fleets and facilities immediately, not requiring considerable investment
in new vehicles and facilities.

Another important aspect is that the biofuels supply chain can foster the
creation of a circularity economy paradigm in Europe. There are current-
ly 34.9 million tons of waste per year available in EU for biofuels produc-
tion that are not being exploited.

Additionally, the production of biofuels from energy crops grown on
marginal land (not in competition with food and feed-chains), provides a
chance to create the local development of new business models in agri-
culture. Marginal lands have little or no agricultural value, characterized
by physical isolation (like being far from any available road), no water,
severe slope, or industrial pollution. In the European Union, there are 60
million hectares of marginal lands that can be exploited for biofuels pro-
duction crops.
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Figure 14

Sources for biofuels generation not in competition with food

Source: The European House - Ambrosetti, 2022
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Considering the global scenario, Africa is the world’s first area for mar-
ginal lands, with 784 million hectars that can be exploited to cultivate
energy crops, fostering economic and social development. The main
socio-economic benefits for local African communities involved in the
cultivation of energy crops in marginal lands are:

1 Upto171%differences inincome perceived between workers in energy
crops plantation and “normal” workers;

1 Up to 181% differences in expenditure capacity between workers in
energy crops plantation and “normal” workers;

1 Up to 30 percentage points earned in the comparison of multidimen-
sional poverty' between workers in energy crops plantation and "nor-
mal" workers.

Considering the large-scale availability of waste and residues, together
with the existing marginal land at the European level, and the possibil-
ity to introduce biofuels in current consumption systems with minimal
changes required, the following policy proposal has been developed:

1 The global Multidimensional Poverty Index (global MPI) is a poverty measure that reflects the multiple
deprivations that poor people face in the areas of education, health, and living standards (Oxford
University).
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Policy Proposal #4

I Ensure that all the feedstocks sourced from wastes, residues and crops,
not in competition with food and feed chains, are considered sustainable
to produce Carbon Neutral biofuels when demonstrated that there are
no emissions other than biogenic ones

Key message #8

Synthetic fuels, while facing efficiency losses in the processing steps,
are a Carbon Neutral solution to replace fossil fuels because

they require minimal infrastructure adjustments to be integrated into
specific Hard to Abate sectors (e.g., aviation).

Synthetic fuels are produced from the mix of hydrogen and CO,, lever-
aging on well-known technologies with high maturity. Anyway, the in-
tegration of these technologies into efficient plants still requires indus-
trial improvements. Overall, synthetic fuels offer multiple advantages,
but one major downside that needs to be addressed: the supply chain is
associated to efficiency losses at each transformation stage, leading to
higher costs. There is still a need of value chain integration to compete
with other alternatives.
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Figure 15

Technology efficiency losses in the production

of green hydrogen and synthetic fuel from renewable electricity,
(%, TWh of renewable electricity = 100) - Light and dark colours
indicate value ranges

Source: The European House - Ambrosetti on various data, 2022
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Notwithstanding the efficiency losses, similarly to biofuels, the produc-
tion and usage of synthetic fuels should be fostered at the European
level, given their potential to easily replace fossil fuels in the short term
— thanks to the minimal changes required. Synthetic fuels are required
in all non-electrifiable application in which high performance, stable and
easy to handle sustainable fuels are required, as in the aviation sector.

Key message #9

The extensive application of Carbon Capture Utilization & Storage (CCUS),
Carbon Dioxide Removal (CDR), hydrogen, biofuels and synthetic fuels
technologies is indispensable to achieve full decarbonisation of the Hard

to Abate, heavy transport and fossil fuel power generation by 2050.
Between 2023 and 2050, the application of the recommended technologies
in the analysed sectors will generate more than 2,700 billion of value added
in Europe, and about 1.7 million employees in 2050.
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To assess the potential of CCUS and CDR, hydrogen, biofuels and syn-
thetic fuels on the sustainability of the European Union, a bottom-up
work was conducted analyzing more than 185 academic papers and in-
volving thirty stakeholders: fifteen representatives of Hard to Abate in-
dustry sectors were interviewed in an aim to identify the best strategies
to adopt new technologies for the decarbonisation of energy-intensive
industrial plants; similarly, the other fifteen stakeholders representing
the Heavy Duty transport sector were engaged to identify the role of new
technologies to decarbonise the Hard to Abate modes on road, maritime
and aviation.

Policy Proposal #5

1 Toincentivize investments in decarbonisation infrastructures and technologies,
resources should be allocated according to the economic efficiency to abate
CO,, evaluating the potential in comparison with other alternative technologies
and according to a technology neutrality principle

Policy Proposal #6

1 Introduce a Carbon Contracts for Difference model that encourages
the investments in Zero Carbon technologies by reducing the risks
in the investment phase, in a similar way as done to incentivize
the diffusion of electric renewable energies

Policy Proposal #7

1 Moving beyond the "tank-to-well” emissions calculation approach
and promoting a "well-to-wheel" Life-Cycle Assessment (LCA) approach
in assessing overall fuel emissions

1 Recognize, in the European taxonomy, the status of “carbon neutral fuels”
to biofuels and hydrogen produced from fossil sources in combination with
CO, Capture technologies

1 Foster the creation of infrastructure, such as refilling stations, required for
a massive deployment of alternative fuels on roads, ports and airports and
introduce fiscal policies to reduce the price gap with traditional fuels
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The evidence gathered during the Working Tables allowed to develop
the above-mentioned set of policy measures to facilitate the decarbon-
isation process. These proposals laid the foundations of the decarboni-
sation model developed by The European House - Ambrosetti, where all
the policy proposals have been implemented and their impact on the
European value chain has been assessed in terms of sustainability, em-
ployment, and value-added creation.

Decarbonisation levers — CCUS and CDR, hydrogen, biofuels, and syn-
thetic fuels—have been applied to two different scenarios to assess their
impact on CO, abatement in Hard to Abate industries, Heavy Duty trans-
port, and fossil fuel power generation. Two different penetration scenar-
ios have been considered, a so-called Inertial Scenario and a Zero Carbon
Technology Scenario. The difference between the two is the implemen-
tation of the policy recommendations developed by the present Study.

Figure 16

Model infrastructure
Source: Elaboration by The European House - Ambrosetti, 2022
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The implementation of the two models pointed to the conclusion that a
technology neutrality approach is indispensable to achieve full decar-
bonisation by 2050: only in the Zero Carbon Technology Scenario the
target of full decarbonisation is reached in 2050. Furthermore, this sce-
nario allows to accelerate the decarbonisation pathway in 2030 with a
total abatement of CO, emissions 20 percentage points lower compared
to the Inertial Scenario.

Thus, from 2023 to 2050 the Zero Carbon Technology Scenario CO, cu-
mulated emissions reduction are 31% higher than the Inertial Scenar-
io (8.8 Gton of CO,), corresponding to 6 years of total emissions of the
considered sectors.

Figure 17

CO, emissions reduction, Inertial Scenario and Zero Carbon
Technology Scenario, in EU27 (%), 2030 and 2050

Source: The European House - Ambrosetti on data from proprietary models, 2022
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The model has found that the extensive application of CCUS, CDR, hydro-
gen, biofuels and synfuels is indispensable to achieve full decarbonisa-
tion of the Hard to Abate, Heavy Duty transport, and fossil fuel power
generation sectors in the European Union by 2050.

Besides the positive environmental impact generated by these technol-
ogies, the econometric model developed has found that, between 2023
and 2050, the application of the recommended technologies in the an-
alysed sectors will generate more than €2,700 billion of cumulative val-
ue added in Europe — of which €181 billion solely in 2050, and about 1.7
million employees in 2050, considering the direct, indirect, and induced
impact.

Figure 18

Main results of the econometric model

Source: The European House - Ambrosetti on data from proprietary model, 2022

€181 €2,700
billion billion
total Added Value cumulative Added employees
in 2050 Value from generated
2023 to 2050 in 2050

Key message #10

Discontinuity in the decarbonisation process will be generated by some
breakthrough technologies, the development of which is accelerating thanks
to new models of Open Innovation.

On a final note, it is crucial for Europe to invest in frontier technologies
to develop an industrial advantage. Among these, magnetic confinement
fusion offers virtually limitless, clean power, and it could complement
renewables by providing electricity during peaks and throughs, it could
provide clean industrial heat, and it can generate hydrogen to replace
natural gas. Nuclear fusion produces no harmful emissions or radioac-
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tive waste, and the elements required are easily attainable and readily
available. As of 2021, the survey conducted by the Fusion Industry Asso-
ciation reveals that 17 fusion initiatives around the world expect fusion
to be commercial in the 2030s, a positive outlook motivated by recent
historical results:

D In February 2022, the JET project experiments produced 59
megajoules of energy in 5 seconds (11 megawatts of power);

» Inthe UK, Tokamak Energy achieved important milestones in early
2022: the spherical Tokamak ST40 touched a plasma tempera-
ture of 100 million degrees Celsius, the threshold required for nu-
clear fusion;

» In September 2021, the MIT CFS generated a magnetic field of 20
Tesla in just two weeks, enabling a temperature suitable for the nu-
clear fusion process, demonstrating that the new technology based
on high-temperature superconducting magnets is suitable for the
nuclear fusion process and enables small-scale power plants.

Figure 19

Perception of the time horizon
for implementing nuclear fusion plants

Source: The European House - Ambrosetti on Fusion Industry Association data, 2022
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The European Union must not pass on the opportunity to gain and main-
tain a leadership role in this technology, which offers the opportunity to
be easily “exported” outside of the Union to help other countries face
the energy transition process. Given the major opportunities offered by
nuclear fusion and other breakthrough technologies in terms of sus-
tainability and technological leadership advantage, together with the
evidence gathered during a dedicated Working Table with eleven stake-
holders representing the industrial and academic worlds, the following
policy proposals have been developed:

Policy Proposal #8

1 Foster the leadership in research and development of frontier technologies
that will potentially be disruptive in decarbonisation processes,
such as nuclear fusion
1 Ensure policy support (regulatory framework, incentives, ...) to promote
the creation of public-private partnerships between academia,
research centres, industries and public authority to accelerate
the developments of such technologies

Policy Proposal #9

1 Provide clarity on the overall regulatory regime for fusion energy facilities,
considering all the differences with respect to nuclear fission technology

1 Ensure regulators have the technical capability to regulate fusion energy
facilities effectively

1 Maximise public confidence in the regulatory framework for fusion,
envisioning occasions for public debate and discussion

1 Create a platform mechanism through which innovation projects and
financial investors can be brought together
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1.1 Introduction

The aim of the present chapter is to intruduce the reference context of
the Strategic Study conducted by The European House - Ambrosetti to
develop a proposal for a Zero Carbon Technology Roadmap for Europe.
The first part of the chapter describes the European energy strategy
according to international agreements, European legislation and other
crucial requirements such as technological independence and energy
system flexibility. The second part of the chapter illustrates the require-
ments for a sustainable, affordable, secure, and resilient European ener-
gy system. The third and last part of the chapter provides a breakdown of
the main sources of emissions from fossil fuels as well as other emitting
processes in Europe.

The aim of this chapter is to demonstrate that a step change is required
in all areas of climate sustainability to meet the European decarboni-
sation goals. At the same time, it is crucial that, alongside sustainability
targets, the decarbonisation process ensures resilient and competitive
access to energy. The risks associated with global competition for ac-
cess toresources is evolving very rapidly. In this scenario, access to met-
alsandrare earths is proving to be the major area of risk for the European
economy, introducing additional and higher risks.

Furthermore, the present analysis, differently from what done in many
other studies, highlights the strategic need of working on both energy
and non-energy emissions, with a focus on Hard to Abate industries,
power capacity from fossil fuel and heavy transports. In this regard, all
net zero emissions scenarios and the main long-term-strategies of Eu-
ropean Member States agree on the need to leverage a plurality of tech-
nologies to achieve the international target of limiting global warming to
below 1.5°C compared to pre-industrial levels.

Zero Carbon Technology Roadmap © The European House - Ambrosetti



Chapter 1

1.2 International agreements
and European strategies
to meet the decarbonisation
objectives

Key message #1

A step change is required in all area of climate sustainability to meet

the European decarbonisation goals. It is crucial that the decarbonisation
process ensures at the same time secure, resilient and competitive access
to energy. Technological dependence must be considered on a par with
energy dependence.

The latest Intergovernmental Panel on Climate Change (IPCC) report pub-
lished in August 2021 and the conclusions of the subsequent UN Climate
Change Conference of the Parties (COP26) have once again highlighted
the risks and costs of climate change that have already occurred, and
those that are expected in the coming decades unless a radical change
of pace occurs. The conclusions of both reports contain warnings to
governments, institutions, businesses, and citizens who have failed to
implement tangible and effective measures to reduce climate-altering
gas emissions over the past 30 years, despite numerous commitments to
do so.' The planet’s temperature is rising at an unprecedented pace: the
current level is higher than that of the warmest period in the last 100,000
years, leading to dangerous environmental, social, and economic conse-
guences: only in Europe, damages from extreme events have exceeded
USD 4.4 trillion between 2000 and 2021.2

1 Source: The European House - Ambrosetti on IPCC data, 2022.
2 Source: elaboration by The European House - Ambrosetti on European Environment Agency data, 2022.
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Figure 1

Annual global temperature changes (Celsius degrees),
year 0-2018

Source: The European House - Ambrosetti on IPCC data, 2022
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Signed in 2015, the Paris agreement legally binds 196 countries to par-
ticipate in the fight against climate change, with the objective "to limit
global warming to well below 2, preferably to 1.5 degrees Celsius, com-
pared to pre-industrial levels". Every 5 years, countries shall revise their
emission reduction targets and measures. In 2021, signatory countries
defined their targets to reduce emissions by 2030 and reach zero emis-
sions by 2050. According to the scenario developed by the IPCC, in order
to limit the global temperature increase to less than 1.5 °C, emissions
must be reduced by 5.5% per year and, eventually they will have to be-
come hegative by 2060 through carbon capture and carbon dioxide re-
moval technologies.

It has been demonstrated that the most ambitious plans put in place by
the world’s major economies will not be sufficient to contain the tem-
perature increase within the 1.5°C threshold as envisaged by the Paris
Agreement. What is needed, therefore, is a shift in the pace of the de-
carbonisation pathway to reduce greenhouse gas (GHG) emissions fast-
er: the rate of reduction of the last decade must increase four times to
reach net zero emissions in 2050 and, as predicted by the IPCC scenar-
ios, to achieve ‘negative’ emissions by 2100 without sacrifying welfare
and social equity. This effort must be further emphasized for the decar-
bonisation of the so-called Hard to Abate sectors for which technologies
with sufficiently effective and affordable market maturity have not been
developed yet.?

3 Source: The European House - Ambrosetti on IPCC data, 2022.
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Figure 2

CO, emission trends in the main scenarios No policy scenario
considered by the IPCC o ?R“ggeglg?f"c'es encated
(Gton of CO,), 2015-2100 2°Scenario (RCP 2.6)*
Source: The European House - Ambrosetti on IPCC data, 2022 ® 1.5°Scenario (RCP 1.9)*
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* A Representative Concentration Pathway (RCP) is a greenhouse gas concentration
(not emissions) trajectory adopted by the IPCC

In December 2019, the European Union launched the Green Deal, and in
July 2021it reinforced it with the Fit for 55 Package. Both contain a set of
legislations to achieve the climate goals and carbon neutrality by 2050:

1 -55% of GHG emissions compared to 1990;

1 40% share of energy consumption from renewable sources;

1 +36% improvement in energy efficiency on final energy consumption
(39% in primary energy consumption).

The Fit for 55 acts by reforming existing regulations to achieve the es-
tablished targets. Among other measures, the plan is focused on the
Emissions Trading System (ETS) and the Effort Sharing Regulation (ESR),
which were established in 2005 to decrease the level of GHG emissions
in the European Union. ETS works on a «cap and trade» principle to re-
duce GHG emissions in electricity and heat production, energy-intensive
industrial sectors, aviation and maritime transport (from 2023), build-
ing and road transport (from 2025). The revised reduction target is -61%
GHG emissions from the 2005 level (previously -43%). ESR regulates all
sectors not covered by the ETS or land use legislation to decrease GHG
emissions in transport (except aviation and international maritime trans-
port), construction, agriculture, industrial plants (less energy intensive
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sectors), and waste. The revised reduction target is -40% GHG emissions
from the 2005 level (previously -29%).4

This new legislation is necessary to push forward efforts from member
states to achieve the net zero emissions target: with the current trend,
the target of zero emissions and increase of renewable consumption
will not be reached by 2050.°

Figure 3

Climate-changing gas emissions in Europe
(Mtons CO,eq), 1990 - 2019 and policy scenarios (A)
and European share of energy consumption

from renewable sources (percentage value), — Historical data
2004-2050 (B) Inertial projection
Source: The European House - Ambrosetti on European Commission data, 2022 == New 2030 target
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4 Source: The European House - Ambrosetti on European Commission data, 2022.
5 Source: elaboration The European House - Ambrosetti on European Commission data, 2022.
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With respects to the 40% share of energy consumption from renewable
sources objective, at the current growth rate of the share of renewables,
Europe will miss the Fit for 55 targets set in 2030. From 2004 to 2020 the
share of renewable energy consumption has more than doubled (from
9% to 22%). To reach the target share of 40% for 2030, an increase of 18
percentage points it is needed, given that, if the current growth in the
share of renewable energy consumption is maintained, it is only by 2046
that Europe will reach the fit-for-55 target.®

Figure 4

Primary energy consumption scenarios (A), - 0ld target for 2030
and final energy consumption scenarios (B), = Historical data
(Million tons of oil equivalent), 2005 - 2030 Inertial projection
Source: The European House - Ambroseatti on European Commission data, 2022 = New 2030 target
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With respects to the energy efficiency improvement target, if the cur-
rent rate of reduction is maintained, Europe will miss the 2030 -39% tar-
get in primary energy consumption by 133 million tons of oil equivalent
(Mtoe). Similarly, the 2030 -36% target in final energy consumption will
be missed by 62 Mtoe.”

Together with sustainability, two other elements shall be considered
in order to ensure secure, resilient and competitive access to energy:
energy and technological dependence as well as system adequacy and
flexibility.

The European energy dependency® has increased for most fuels since
the 1990 levels, especially solid fossil fuels (+91%) and natural gas (+61%).
The increase in natural gas as a primary source of energy is reflected
in the EU’s high dependency ratio: 84% of natural gas consumed is im-
ported.® Technological dependence must be considered on a par with
energy dependence: batteries, fuels cell, solar and wind technologies
draw essential elements from a value chain that is considered "high
risk” from the European Commission, which has identified 137 product
categories out of a total of 5,000 in which the EU is strategically depend-
ent, divided in three clusters:

1 Raw materials: includes beryllium, cobalt, antimony, lithium, alumini-
um, manganese, chromium, nickel, tungsten, molybdenum, etc.;

1 Health products: includes personal protective equipment, antibiotics,
vitamins, hormones, heterocyclic organic compound;

1 Renewables and digital products.

The risks associated with global competition for access to resources is
evolving very rapidly.

52% out of 137 product categories is imported from China, which is the
main country of origin on which the European Union depends. The USA,
on the other hand, is residual, with only 3%."

7 Ibid.

8 Energy dependency is calculated as the share of energy that an economy must import, defined as net
energy imports divided by gross available energy.

9 Source: The European House - Ambrosetti on Eurostat data, 2022.

10 Source: The European House - Ambrosetti on European commission data, 2022.
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Figure 5

Country of origin of dependency (percentage of total), 2019

Source: The European House - Ambrosetti on European Commission data, 2022
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Batteries, fuel cells, wind and solar technologies are highly dependent on
rare earths and other imported raw materials, which are crucial to enable
the energy transition: in this scenario, the EU might not meet the demand
for wind and solar energy and electric vehicles, as the current global
yearly supply of key raw materials is likely to be scarce. In particular,
the supply of 4 critical raw materials will likely be insufficient compared
to the projected demand: dysprosium, praseodymium, neodymium and
lithium —with an estimated total gap of over 53,000 tons in 2030.

Since 2011, the European Commission has assessed a 3-year list of Critical
Raw Materials (CRMs) within its Raw Materials Initiative adopted in 2008.
To date, 14 CRMs were identified in 2011, 20 in 2014, 27 in 2017 and 30
in 2020. In September 2020, along with the 4th list of Critical Raw Mate-
rials, the EU presented the Action Plan on Critical Raw Materials, aimed
at concretely developing resilient value chains for EU industrial ecosys-
tems, reducing dependency, strengthening domestic sourcing and di-
versifying sourcing from third countries. In its resolution of November
2021, the European Parliament called for an EU strategy to boost Europe’s
strategic autonomy and resilience regarding the supply of CRMs.

Additionally, the Versailles Declaration published in March 2022 following

an Informal meeting of the Heads of State or Government, contains an
explicit mention of CRMs: " We will secure EU supply by means of strategic
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partnerships, exploring strategic stockpiling and promoting a circular econo-
my and resource efficiency". Finally, as mentioned in the RePower EU plan
published in May 2022, the Commission will intensify work on the supply
of critical raw materials and prepare a legislative proposal.”

Figure 6

Critical raw materials supply chain risk and impacted sectors

Source: The European House - Ambrosetti on European Commission data, 2022
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11 Source: elaboration by The European House - Ambrosetti on Versailles Declaration (2022), 2022.
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The very high dependency might jeopardise the energy transition and
eventually the achievement of the Union’s climate objectives, espe-
cially when comparing the imported raw materials exploited in renew-
ables and electric vehicles with respects to traditional technologies.
The materials required by offshore wind turbines (15,250 kg/MW) are
11.3 times the amount required by natural gas (1,350 kg/MW). Similarly,
the amount required by electric vehicles (200 kg/vehicle) is 6.7 times
the amount required by traditional vehicles (30 kg/vehicle). This issue
becomes even more pressing when considering the fact that material
demand is expected to increase dramatically; in 2030, wind power ma-
terial demand is expected to increase by 44 times, solar photovoltaic
demand by 7 times and electric vehicles demand by 49 times, consider-
ing 2015 demand as the initial level.

Anotherissue that should not be neglected is social acceptance for new
mining projects in the EU, which could jeopardise efforts to increase
primary production at home to offset imports. As a result, boosting cir-
cular economy initiatives in the raw materials value chain could repre-
sent both a mitigating factor as well as a market opportunity.

Figure 7

Materials exploited in renewables and fossil fuels (kg/MW),
and Materials exploited in electric and traditional Internal Combustion
Engine (ICE) vehicles (kg/vehicle), 2022

Source: The European House - Ambrosetti on European Commission data, 2022
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Additionally, system adequacy and energy flexibility are required due
to the increase of energy production from non-programmable renew-
able energy sources: a relevant change in demand pattern driven by
the deployment of decentralised renewable energy sources generation
is expected. The future scenario is likely to see high ramp up in energy
demand due to overlaps with shortages in power generation. These vari-
ations can be observed on a daily basis, for instance due to the decrease
in photovoltaic solar generation during the day, but also over the year,
for example droughts during summers compromise hydroelectricity pro-
duction. In this setting, energy flexibility becomes crucial for maintain-
ing energy security and ensure stability of supply on a daily basis and
throughout the year.”

Figure 8

Net hourly energy demand within a representative day (GW),
2010 vs. today, vs. 2025e, vs. 2030e

Source: The European House - Ambrosetti on market data, 2022
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These issues need to be addressed with the introduction of new energy
technologies: in the European Union, by 2050, coal and oil phase-outs
and climate change impacts on water availability — hence, hydropower
- will likely lead to a reduction in the flexibility provided by tradition-
al sources. As of 2020, fossil fuels and nuclear represent 64% of energy
system flexibily; their overall contribution is expected to decrease to 6%

12 Source: The European House - Ambrosetti on market data, 2022.
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in 2050. In this sense, storage technologies, such as batteries, and de-
mand response measures' will be crucial: together they will provide 49%
of system flexibility in 2050."

Figure 9

Global electricity system flexibility by source,
2020 and 2050 in the Net Zero Scenario (%),
2020 and 2050

Source: The European House - Ambrosetti on market data, 2022
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13 Changes in electricity use on the demand side in response to changes in price/supply.
14 Source: The European House - Ambrosetti on IEA data, 2022.
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1.3 The requirements
for a sustainable, affordable,
secure and resilient
energy system

Key message #2

All net zero emissions scenarios and the main long-term strategies
of European Member States agree on the need to leverage a plurality
of technologies to achieve the international target of limiting global
warming to below 1.5°C compared to pre-industrial levels.

According to the International Energy Agency (IEA), alongside an increas-
ing use of renewable electricity, carbon capture, utilisation & storage
(CCUS), carbon dioxide removal (CDR), hydrogen and biofuels are key
technologies to achieve full decarbonisation. In the 2050 scenario fore-
cast, electric and heat renewables supply 48% of total energy, biofuels
account for 19% of final energy supply, and nuclear for 11%; fossil fuels
(solid and liquid fuels as well as natural gas) still make up 22% of the glob-
al supply —equal to 543 Exajoules.

In order to go from 33.9 Gton of CO,eq emitted globally in 2020, to 21.1
Gton in 2030 and, finally, to net zero emissions in 2050, renewable en-
ergies and electrification have a crucial role — together, they contribute
to 43% of emission reduction, but they must be exploited synergically
with other technologies and a behavioural change; for instance, CCUS
and CDR’s contribution amounts to 14%.®

15 Source: The European House - Ambrosetti on IEA data, 2022.
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Figure 10

Share of contribution of each mitigation measure in the NZE 2050
scenario (% of total emission reduction), 2020-2050
Source: The European House - Ambrosetti on IEA data, 2022
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Considering other studies, the IPCC has foreseen 90 different scenari-
os, the so-called "mitigation pathways"” where the contribution of each
component differs, but all scenarios have at least a 50% chance of lim-
iting global warming to 1.5°C above pre-industrial levels in 2100. This
implies reaching net zero CO, emissions globally around 2050, hence the
IPCC and IEA scenarios are comparable. Only 18 of these scenarios fore-
see a 2050 net zero CO, emissions from the energy sector and industrial
processes, and they can be compared with IEA’s scenarios for different
technologies.

With respects to the IPCC mitigation pathways, the IEA net zero emis-
sions scenario tends to attribute a large share (69%) to wind and solar in
the global final energy production. Similarly, it tends to be more optimis-
tic about the supply of hydrogen-based fuel. Instead, the IEA scenario is
more conservative about bioenergy production and the deployment of
CCuUs.
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Figure 11

Comparison between the IEA

and IPCC scenarios
Source: The European House - Ambrosetti on IEA and IPCC data, 2022 (NZE) scenario
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Focusing on the European case, within the scope of the European Long Term
Strategy, multiple national plans rely on CDR and CCUS to achieve the net zero
emissions by 2050 target:

1 The Italian plan foresees the persistence of 50Mton C0O,eq with a potential
limited offsetting of domestic forestation and land use in 2050. It cites the
possibility to have a CCUS contribute of about 20-40 Mtons per annum (cor-
responding to 10.5% of total emissions generated in 2018 - baseline of the
long-term strategy analysis) but without a detailed implementation plan;

1 According to the Spanish plan, CCUS and CDR are expected to absorb 37
Mtons CO,eq in 2050, corresponding to 14% of total emissions generated in
2020 (baseline of the long-term strategy analysis);

1 Inthe French plan CCUS and CDR are expected to absorb 95 Mtons C0O,eq in
2050 corresponding to 23% of total emissions generated in 2014 (baseline
of the long-term strategy analysis)."®

Instead, with respects to biofuels, the analyzed plans consider the following
scenarios:

1 Italy—In 2050, fossil fuel consumption will decrease by 96% on average with
respects to 2018 levels, while non-electric renewables will increase by 170%
to achieve a total share in energy supply of 33%. Even if not specified, this
should include biofuels;

1 Spain — In 2050, fossil fuel consumption will decrease by 93% on average
with respects to 2020 levels, while biofuels will increase by 133% to achieve
a total share in energy supply of 11%;

1 France — In 2050, fossil fuel consumption will decrease by 72% on average
with respects to 2020 levels, while biofuels will increase by 171% to achieve
a total share in energy supply of 23%."

By analyzing the decarbonisation pathways under a different lense, a 2020
Irish study published on Applied Energy Journal by the Environmental Re-
search Institute and School of Engineering of Cork University, has demon-
strated that biofuels, CCUS and CDR are required to achieve the decarbon-
isation target and to lower the marginal costs to reach such goal. If biofuels
are not taken into consideration, it is unfeasible to reduce emissions by more
than 83%. Additionally, if CCS technologies are not applied, the marginal costs
can be extremely high (4,237 € per ton of CO,e if CCS is not applied and 12,232
€ per ton of CO,e if CCS and biofuels are not applied).™

16 Source: The European House - Ambrosetti on National Energy and Climate Plans and National Recovery and
Resilience Plans data, 2022.

17 Ibid.

18 Source: “Identifying Decarbonisation Opportunities Using Marginal Abatement Cost Curves And Energy System
Scenario Ensembles”, Xiufeng Yue et Al., Environmental Research Institute and School of Engineering, University
College Cork (2020), 2022.
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Figure 12

Marginal Abatement Cost in different technology scenarios

Source: The European House - Ambrosetti on academic paper “Identifying Decarbonisation Opportunities Using
Marginal Abatement Cost Curves And Energy System Scenario Ensembles”, Environmental Research Institute
and School of Engineering, University College Cork (2020), 2022
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1.4 CO, emissions breakdown

Key message #3

The most strategic and effective way to address decarbonisation
is by working on both energy and non-e