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1.
1 Introduction

1.1 Context of the research

Energy is an essential component of our lives, as it is required for a multitude of activities, including
lighting, heating, transportation, production, and communication (EDF, 2024c). However, energy
is closely related to the emission of greenhouse gases (GHG), as most of the global energy
consumption still originates from fossil fuel sources (Yu, et al., 2022). These sources include coal,
oil, and gas, which have been identified as significant contributors to pollution globally (Ahmad,
et al., 2020). Over the past 250 years, extensive research has led the scientific community to a
consensus that man-made GHG emissions are the dominant cause of the Earth’s rising average
temperature, a key indicator of climate change (Eurostat, 2024b). This temperature increase is
accompanied by altered ecosystems, evidenced by more frequent electrical storms, floods, and

droughts (Yu, et al., 2022).

In recent years, the issue of environmental degradation has emerged as a significant concern for
both developed and developing countries worldwide (Jahanger, et al., 2022). Consequently,
concerns have collectively led to the formation of a global movement aimed at proactively
combating climate change. Thus, almost all countries globally have endorsed the Paris Climate
Change Agreement (Jahanger, et al., 2022). This legally binding international treaty has established
long-term goals to guide all nations in limiting the increase in the global average temperature to
well below 2°C above pre-industrial levels and to pursue efforts to limit the temperature increase

to 1.5°C above pre-industrial levels (United Nations, 2024b).

The achievement of the objectives outlined in the Paris Agreement necessitates the stabilization or
reduction of GHG emissions. This implies a transition from economic activities based on highly
polluting energy sources, such as fossil fuels, to sustainable economic activities based on
technologies and consumption patterns with a lower environmental impact (Fernandez Fernandez,

etal, 2018).

Given that the European Union (EU) accounts for approximately 8% of global energy-related
emissions and that in 2021, its market was the third-largest source of GHG emissions, behind only

China and the United States, the 27 members of the EU have collectively adopted a set of policies,



the European Green Deal (Cavina, et al., 2023). It is a roadmap designed to transform the EU into
a clean, resource-efficient, and competitive economy in alignment with the goals of the Paris

Agreement (European Commission, 2024e).

1.2 Research question

The commitments outlined in the European Green Deal must be fulfilled through global efforts,
and the current pace and scale of the transition must be accelerated. A study has demonstrated that
between 2019 and 2021, emissions from the EU power sector decreased at a rate that was less than
half of what was necessary to remain on track for a 1.5°C pathway (Cavina, et al., 2023). Another
study carried out by McKinsey shows that the rate of installation of renewable energy sources
would have to increase three to five times from the 2018 average to reach the 2050 target set by

the European Green Deal (Cavina, et al., 2023).

Knowing the urgent need for accelerated progress in the energy transition, as highlighted by these

recent studies, this paper directly addresses a critical question:

“How could technological innovations play a role in bridging the energy production gap between
carbon-neutral energy capabilities and rising energy demand under the European Green Deal’s

net-zero 2050 target?”

The evidence presented indicates that current efforts, while substantial, are insufficient to meet the
ambitious objectives of the 2050 target. This gap between current capabilities and future needs sets
the stage for this paper to explore the potential of technological innovations to help the European

Union’s energy transition.

1.3 Relevance of the research

The objective of this research is to evaluate various emerging and existing technological
innovations in the energy sector and to investigate their potential to reduce GHG emissions and
enhance the sustainability of energy production within the EU. Furthermore, the paper examines
the strategic considerations and regulatory environment that would be conducive to fostering these

technological innovations.



1.4 Scope of the research

This research examines the European Union in the context of the climate goals and policy
framework established through the European Green Deal. This research focuses on the intermediate
targets set for the years 2030 and 2040, with the ultimate goal of achieving net-zero emissions by

2050 serving as the culminating point.

To ensure a comprehensive analysis, the research encompasses both theoretical and practical
perspectives. The theoretical framework is based on an extensive review of existing literature.
Practical insights are derived from qualitative empirical research, which involves interviews with
experts of the energy sector and of the innovation fields, and scenario analysis provided by

McKinsey’s “Global Energy Perspective 2022” and “Global Energy Perspective 2023 reports.

1.5 Structure of the paper

The paper commences with an introduction that provides the context for the research, articulates
the research question, and outlines the relevance and scope of the study. The subsequent literature
review presents an examination of existing research on the European Green Deal, global and
industry efforts towards environmental transitions, the energy mix in the EU, and the regulatory
environment. The methodology section outlines the research design and methodologies employed.
These include an explanation of the interview approach and scenario analysis. The analysis section
presents the findings from expert interviews and scenario analysis, with a particular focus on the
impact of the European Green Deal, key technological innovations, and the necessary conditions
for achieving the net-zero target by 2050. The subsequent discussion and conclusion serve to
interpret the findings, identify some limitations to the research, suggest avenues for future research,

and present the key takeaways of this paper.



4.
2 Literature review

2.1 European Green Deal

2.1.1 Strategic targets

The European Climate Law establishes the objective of the European Green Deal, which is to
achieve net-zero GHG emissions by 2050. Attaining this goal would make Europe the first climate-
neutral continent in the world. Simultaneously, it would facilitate economic growth that is
decoupled from resource use and ensure that no person and no place is left behind (European

Commission, 2024e).

In the context of the European Green Deal, the EU has also adopted additional intermediate climate
targets to confirm its direction of travel. These include the Fit for 55 package, which is a 2030
climate and energy framework including EU-wide targets and policy objectives for the period from
2021 to 2030. The objective is to reduce net GHG emissions by at least 55% by 2030 in comparison
to 1990 levels (European Commission, 2024a). In the meantime, the objective is also to increase
the proportion of renewable energy in the final energy mix to 45%, in comparison to the current
approximate 20% (Cavina, et al., 2023). The next intermediate step on the path to climate neutrality
is the 2040 climate target. Indeed, the European Commission has recommended that the EU reduces
its net GHG emissions by 90% by 2040 relative to 1990. The two intermediate targets serve to
reaffirm the European Union’s determination to ensure that it reaches climate neutrality by 2050

(European Commission, 2024b).

Prior to an in-depth investigation into this subject, it is essential to understand the nature of
greenhouse gases, which represent the core focus of the 2050 target. GHGs are a group of gases
that contribute to global warming and climate change. The Kyoto Protocol, an environmental
agreement adopted by 37 industrialized countries and the EU in 1997 to limit global warming,
currently encompasses seven greenhouse gases divided into two categories: non-fluorinated gases
and fluorinated gases. The former category encompasses carbon dioxide (COz), methane (CHa),
and nitrous oxide (N20), while the latter includes hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), sulfur hexafluoride (SFs), and nitrogen trifluoride (NF3). To facilitate comparison and to
determine their individual and collective contributions to global warming, these gases are

converted to CO2 equivalents (Eurostat, 2023b).



2.1.2  Alignment with the United Nations Sustainable Development Goals

At a broader level of analysis, the European Green Deal represents a crucial element of the
European Commission’s overarching strategy to implement the 2030 Agenda signed by the United
Nations (UN) (European Commission, 2024d). It was adopted by all UN Member States in 2015
and “provides a shared blueprint for peace and prosperity for people and the planet, now and into
the future” (United Nations, 2024b). At its core are 17 Sustainable Development Goals (SDGs)
which constitute an urgent call for action by all countries in a global partnership (United Nations,
2024b). The SDGs are presented in more detail in the Appendix (7.1 The 17 Sustainable

Development Goals).

The 2030 Agenda recognizes the necessity of simultaneous strategies to address poverty and other
forms of deprivation, including improvements in health and education, reductions in inequality,
and stimulation of economic growth. It also addresses climate change and the protection of oceans

and forests (United Nations, 2024a).

The implementation of policies such as the European Green Deal is necessary for ensuring the
social, economic, and environmental sustainability aspects covered in the SDGs (Jahanger, et al.,

2022).

2.1.3 Opportunities and challenges

The European Green Deal presents both opportunities and challenges.

Firstly, despite the potential loss of six million jobs, the implementation of the European Green
Deal could also create up to 11 million new jobs, for a final net gain of five million job opportunities

(Cavina, et al., 2023).

Furthermore, the reduction in CO2 emissions could also enhance the region’s energy security. This
will be achieved by reducing dependence on fossil fuels on the one hand and by reducing energy
imports on the other. As previously stated in the 2030 intermediate target, the objective is to
increase the proportion of renewable energy in the final energy mix to 45%, which will result in a
reduced dependence on fossil fuels (Cavina, et al., 2023). Moreover, the region’s energy reliability
has proven to be crucial, especially in times similar to the Russian war of aggression against

Ukraine, which has resulted in EU sanctions and a shift in the energy import source origins.



However, it appears that a challenging necessary condition for this transition to occur is the
coordinated intervention among the member states of the EU. Failure to act could result in

increased energy costs for households and businesses in the future (Cavina, et al., 2023).

Finally, a study indicates that even for relatively homogeneous countries like those in the EU, it is
a challenging task for the European Green Deal to define a fair set of climate targets. Indeed,
attaining the same level of CO2 emissions per capita in 2030 and achieving the same level of
emissions relative to GDP (Gross Domestic Product) yield dramatically different policy efforts

among the diverse conditions of the largest EU countries (Ruiz, et al., 2023).

2.2 Global and industry efforts towards the environmental transition

2.2.1 Comparative international efforts

The EU is not the only entity engaged in discourse surrounding climate change initiatives. In other
regions of the globe, discussions between policymakers and environmental groups have been
ongoing with regard to the formulation of policies. These discussions have involved adapting the

content of policies to political contingencies and pressures (Vela Almeida, et al., 2023).

One such initiative is the “Pan-Canadian Framework on Clean Growth and Climate Change.” The
Canadian government has formulated a strategy with the objective of stimulating innovation and
economic growth through the advancement of technology and its wider adoption. The objective of
this initiative is to ensure that Canadian businesses remain competitive in the global low-carbon
economy. Moreover, the plan encompasses measures to enhance climate change adaptation and
fortify the country’s capacity to withstand the effects of climate change (Government of Canada,

2022).

Another illustrative example is the “National Action Plan on Climate Change,” which was launched
by the Government of India. The plan outlines eight national missions on climate change,
including, among others, a national mission for enhanced energy efficiency and a national mission

for the preservation of the Himalayan ecosystem (Department of Science & Technology, 2024).



2.2.2  Contribution of key players of the energy sector

In light of the numerous initiatives undertaken by other nations around the globe to facilitate the
green transition, it is also worthwhile to examine the role of major organizations that are pivotal in

driving the transition towards sustainable energy systems.

First, the EDF Group, a global leader in the production of low-carbon electricity, has achieved a
93% reduction in its carbon footprint in electricity production. The objective of the group is to
contribute to carbon neutrality by 2050. In 2023, the main components of the EDF Group’s energy
mix were nuclear energy, which constituted 77.7%, and renewable energy, which accounted for
15.5%. EDF is counting on the growth of renewable energy sources, whose capacity is planned to
be increased by more than 70% between 2021 and 2030 (EDF, 2024b). Moreover, EDF has
allocated €649 million to research and development (R&D) initiatives in three key areas: energy

transition, climate transition, and digital societal transition (EDF, 2024a).

Another notable player in the energy sector is Engie, a global industry leader in the supply of low-
carbon energy and related services. The group has been engaged in the pursuit of accelerating the
transition to a carbon-neutral world for the past two decades, implementing a range of energy-
efficient and environmentally friendly solutions (Engie, 2024b). The company has established an
action plan with two key objectives for 2030: to reduce its global GHG emissions from energy
production by 60% compared to 2017 and to have installed 80 Gigawatts (GW) of Engie renewable
energy production worldwide. To date, the group has succeeded in reducing its GHG emissions by

51% and has installed 41GW of Engie renewable energy (Engie, 2024c¢).

Finally, Shell, a global group of energy and petrochemical company, aims to meet the world’s
growing need for more sustainable energy solutions in ways that are economically,
environmentally, and socially responsible (Shell, 2024b). To achieve this goal, the company aims
to reduce its absolute emissions by 50% by 2030, in comparison to 2016 levels on a net basis. By
the end of 2023, Shell had achieved more than 60% of its target to halve emissions from its
operations (Shell, 2024a). To achieve its target, the group is implementing a number of measures,
including improvements in the energy efficiency of its operations, the use of more renewable
electricity to power its operations, and the development of carbon capture and storage (Shell,

2024a).



2.3 Energy mix in the European Union

An energy mix is defined as the range of energy sources available (Eurostat, 2024b). The EU is

dependent on a diverse range of energy sources beyond fossil fuels (Cavina, et al., 2023).

2.3.1 Composition and sources

In 2022, the energy mix in the EU essentially consisted of the following primary energy sources:
11% nuclear energy, 71% fossil energy (of which 37% were from oil and petroleum products, 21%
of natural gas, and 13% of solid fossil fuels), and 18% renewable energy (Eurostat, 2024b). The
evolution of the European Union energy mix between 1990 and 2021, can be found in the Appendix

(7.2 Gross available energy in the European Union).

Primary energy sources are classified into three categories: nuclear energy, fossil energy, and
renewable energy. These sources are extracted or captured directly from natural resources. These
primary sources are converted to electricity, for instance, a secondary energy source, which flows
through power lines and other transmission infrastructure to houses and organizations (Department

of Energy, 2024).

Nuclear energy is a form of energy released from the nucleus, the core of atoms, which is composed
of protons and neutrons. This source of energy can be produced in two distinct ways. On the one
hand, nuclear energy can be produced by fission, which involves the splitting of atomic nuclei,
such as uranium-235, into two or more smaller nuclei. For example, uranium-235 can split into
barium and krypton nuclei, along with two or three neutrons. The additional neutrons then collide
with other surrounding uranium-235 atoms, which undergo fission and generate additional neutrons
in a self-perpetuating process, thus initiating a chain reaction in a fraction of a second. Each
reaction results in the release of energy in the form of heat and radiation. On the other hand, energy
can be produced by fusion, which is the process of nuclei fusing together. The nuclear energy
currently harnessed around the world to produce electricity is derived from nuclear fission, while

the technology to generate electricity from fusion is still in the R&D phase (Galindo, 2022).

Fossil energy sources, also known as non-renewable natural energy sources, are formed from plants
and animals that existed in the geological past, for example, hundreds of millions of years ago.
These sources include coal, natural gas, and oil. They are carbon-based and currently provide most

human energy requirements (Eurostat, 2024b). Furthermore, the utilization of these sources



contributes to the emission of CO2 and the degradation of the environment. Indeed, research
indicates that there is a one-to-one relationship between the use of non-renewable resources and
the degradation of the environment. In addition to increasing CO2 emissions, they also have a

negative impact on environmental sustainability (Chen, 2023).

Renewable energy sources are defined as those that replenish themselves naturally. These include,
among others, wind, solar, geothermal, hydropower (including tidal, wave, and ocean energy), and
biomass (including biological waste and liquid biofuels) (Eurostat, 2024b). In contrast to fossil
energy sources, renewable energy sources have a beneficial impact on climate change mitigation,
as they emit fewer GHGs and are therefore more environmentally friendly. Consequently, these
sources of energy can assist countries in reducing their carbon footprint while also enhancing their

energy security (Chen, 2023).

2.3.2 Origin of energy sources

The identification of the origins of the EU’s energy sources facilitates an understanding of the
extent of its dependency and the associated energy security concerns. The EU obtains its energy
from two distinct sources: energy produced within the EU and energy imported from third
countries. In 2022, the former source accounted for 37% of the total, while the latter represented

63% (Eurostat, 2024b).

With regard to the 37% of energy produced within the EU, 43% is derived from renewable energy
sources, 28% from nuclear energy sources, 19% from solid fossil fuels, 6% from natural gas, and
3% from oil. It is notable that renewable and biofuel energy sources in the EU have exhibited a
notable increase since 1990, whereas solid fossil fuels, natural gas, oil, and petroleum products
have experienced a decline over the same period. The evolution of energy produced by fuel in the
European Union between 1990 and 2021, can be found in the Appendix (7.3 Energy produced by
fuel in the European Union). Nevertheless, data from 2020 should be excluded in the trend analysis,

as the impact of the Covid-19 pandemic on all data sets is evident (European Commission, 2023).

On the other hand, within the 63% of energy imported by the EU, 63% were oil and petroleum
products, followed by 26% of natural gas, and 7% of solid fossil fuels. Both oil and petroleum
products, as well as solid fossil fuels imports have exhibited a downward trend, while natural gas

imports have demonstrated an upward trajectory. Moreover, the importation of renewable and
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biofuel energy remains very low (European Commission, 2023). The evolution of energy imports
by fuel in the European Union between 1990 and 2021, can be found in the Appendix (7.4 Energy
imported by fuel in the European Union).

It is evident that the energy imports are susceptible to fluctuations. For example, the introduction
of EU sanctions, imposed in response to the Russian invasion of Ukraine in 2022, has led to a shift
in the composition of this mix. Indeed, the largest percentage of imports of oil, gas, and solid fossil
fuels originated from Russia until that time (Eurostat, 2024b). The sources of oil and natural gas
imports can be found in the Appendix (7.5 European Union imports of crude oil and natural gas
liquids; 7.6 European Union imports of natural gas). Another illustrative example of potential
changes in the mix is the Memorandum of Understanding (MoU) between Belgium and Namibia,
which has entered into a collaborative agreement to explore the potential of green hydrogen. The
objective is for Belgium to import green hydrogen from Namibia, which has an abundant supply

of solar energy (International Energy Agency, 2022).

2.3.3 Regional variations in the energy mix in the European Union

Although the EU member states are homogeneous, each member state’s energy mix is distinct due

to variations in natural resources, economic structures, and national energy system choices.

There are a number of significant differences between the energy mixes of EU member states. For
instance, in 2021, only four EU member states had a cumulative share of solid fossil fuels, crude
oil and petroleum products, and natural gas in their energy mix that was below 50%. The four
countries were Estonia, with a cumulative share of solid fossil fuels, crude oil and petroleum
products, and natural gas of only 12.2%, Sweden with 29.4%, Finland with 34.6%, and France with
47.5%. Furthermore, it is important to note that France and Sweden also ranked as the countries
with the highest contribution of nuclear heat to their energy mix (40.7% and 24.7%, respectively)
(Eurostat, 2023a).

2.3.4 Energy consumption patterns in the European Union

The analysis of energy consumption patterns provides a clear picture of the demand and usage of
energy across the EU. Primary energy consumption is defined as the total energy demand of a
country. It encompasses the consumption of the energy sector itself, losses incurred during

transformation (for example, from primary energy sources into electricity) and the distribution of
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energy, and the final consumption by end users (Eurostat, 2024a). In 2022, primary energy
consumption reached 1,257 million tons of oil equivalent (Mtoe). This represents a 1.7% increase
from the 2020 level, which was the lowest on record due to the impact of the 2020 Covid-19
pandemic. The 2022 level is 11.4% above the EU 2030 target, which is set to no more than 1,128
Mtoe primary energy consumption (Eurostat, 2024b). A general decline in primary energy
consumption has been observed since 2000. The evolution of the primary energy consumption in
the European Union between 2000 and 2030, can be found in the Appendix (7.7 Primary energy

consumption in the European Union).

In 2022, 67% of the total primary energy consumption was used by end users, including EU
citizens, industry, and transport. This represents the final energy consumption. In 2022, the figure
reached 940 Mtoe, representing a divergence of 11.2% from the 2030 target of no more than 846
Mtoe (Eurostat, 2024b). The evolution of the final energy consumption in the European Union
between 2020 and 2030 can be found in Appendix (7.8 Final energy consumption in the European
Union). The remaining 33% was lost during electricity generation and distribution, used to support
energy production processes, or consumed in non-energy uses (such as asphalt or bitumen)

(Eurostat, 2024b).

2.4 Regulatory environment and technological innovations

The European Green Deal’s ambitious objective of achieving climate neutrality by 2050 represents
a significant climate policy framework (Eurostat, 2024b). Indeed, environmental issues will persist
in the absence of an appropriate definition of energy policy instruments designed to mitigate energy

consumption and GHG emissions (Yu, et al., 2022).

2.4.1 Regulatory environment for technological innovations

The government has a dual role in both enforcing regulations that prevent environmental

degradation and supporting innovation through R&D.

On the one hand, studies indicate that the enforcement of environmental laws and the imposition
of penalties on those who fail to comply with environmental regulations may be a viable approach

to preventing environmental degradation (Chen, 2023).
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On the other hand, it has been demonstrated that there is a necessity for governments to devise
policies that not only prioritize sustainability but also promote technological innovation. Indeed, it
has been proven that technological innovations have a powerful impact on enhancing the level of
utilization of renewable energy, thereby increasing environmental sustainability, which is a core
objective of the European Green Deal’s set of policies (Zhao, et al., 2023). Consequently, when
implemented with due consideration and in a timely manner, state-led regulations, such as the
European Green Deal, may, among other potential outcomes, stimulate innovation (Hovardas,

2016).

Technological innovation in the energy sector entails the development and dissemination of novel
and enhanced technologies with reduced environmental impacts and enhanced efficiency (Chen,
2023). These innovations are of critical importance in addressing environmental and energy
concerns, supporting both ecological sustainability and climate change mitigation (Zhao, et al.,
2023). Studies have demonstrated that innovation can effectively address CO2 emissions in the EU,
which is crucial in the fight against climate change (Ferndndez Fernandez, et al., 2018).
Technological innovations serve as catalysts for the transition from unclean energy resources to
cleaner ones, thus becoming an essential factor in achieving sustainability goals (Jahanger, et al.,

2022).

Environment-related technological innovations and environmental policy stringency facilitate a
more effective ecological transition and result in reduced CO:2 emissions (Chen, 2023).
Furthermore, in the absence of a strategic focus on green technological innovations, technological
innovations may inadvertently result in increased environmental pollution. For instance, the
utilization of fossil fuel energy in advanced technology has been demonstrated to result in elevated
levels of CO2 emissions (Zhao, et al., 2023). Consequently, the implementation of enhanced
environmental regulations and the advancement of clean technologies can facilitate the long-term

sustainability of the environment (Chen, 2023).

2.4.2 Financial mechanisms and market dynamics

To facilitate the adoption of clean technological innovations and in addition to environmental
policies, financial incentives can be implemented. It is argued that these incentives facilitate the

cost-competitiveness of green innovation technologies in the short term, thus facilitating their
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adoption (Cavina, et al., 2023). Empirical evidence indicates that governments have employed
emission trading policies and pollution taxes as incentives to mitigate GHG emissions (Wei, et al.,

2021).

The former, the market-based carbon emission trading scheme, is considered the most cost-
effective and flexible option. This approach entails the establishment of limits on the emissions of
polluting entities and the distribution of a specified number of emission permits to each of these
entities (Wei, et al., 2021). The scheme typically targets energy-intensive emitters, such as iron and
steel producers (Archer & Pandya, 2023). Consequently, to comply with such regulations, these
emitters have three potential avenues for compliance: the purchase of additional permits, the
adjustment of production and outputs to ensure their emissions remain below the prescribed limits,
and the sale of their excess permits (Wei, et al., 2021). Entities are required to surrender an adequate
number of allowances to cover their annual emissions (Archer & Pandya, 2023). Such a market

can serve as a catalyst for maintaining the boundaries of the carbon budget (Archer & Pandya,

2023).

An illustrative example of an emission trading scheme in the EU is the European Union Emissions
Trading System (EU ETS). The EU ETS was established in 2005 and is a multinational market for
CO2 emissions. Currently, it is the largest and only ETS operating across multiple countries and
industries (Wei, et al., 2021). The pricing of CO2 emissions serves to incentivize the most polluting
industries to invest in cleaner technology (Fernandez Ferndndez, et al., 2018). The EU ETS
operates on the cap-and-trade principle, which entails the establishment of a cap on the total amount
of specific GHGs that can be emitted by installations covered by the system. The cap is reduced

over time to ensure a decrease in total emissions.

Although the EU ETS represents a fundamental element of the EU’s climate policy portfolio, public
opinion towards it is not always positive (Wei, et al., 2021). Indeed, some concerns have been
raised, including the disadvantage for regulated firms exposed to competition from outside the EU.
In particular, firms in the manufacturing sector that sell their goods and services on global markets
may be more vulnerable due to additional costs imposed through the EU ETS (Loschel, et al.,
2019). Empirical evidence has validated this concern. Indeed, a study conducted by Ldschel et al.

(2019) indicates that the EU ETS does not uniformly affect firms in the manufacturing sector.
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A second concern pertains to the question of whether the EU ETS actually exerts a significant
positive effect on the regulated firms. Empirical studies have demonstrated that the impact was
only significant when the EU ETS was first introduced in 2005 (Loschel, et al., 2019).
Nevertheless, this does not indicate that the EU ETS has had a negative impact either. Indeed,
studies have demonstrated that the EU ETS continues to exert a positive impact on output and

productivity (Loschel, et al., 2019).

Finally, among the available policies, the latter is the implementation of pollution taxes, such as
carbon taxes. In contrast to the EU ETS, carbon taxes directly set a price on carbon by defining a
tax rate on GHG emissions or on the carbon content of fossil fuels. Thus, carbon tax differs from
the EU ETS in that the outcome of emissions reduction is not predetermined; rather, the carbon

price is (The World Bank, 2024).

2.4.3 McKinsey’s perspectives

The “Global Energy Perspective 2022” and “Global Energy Perspective 2023 are two reports
written by McKinsey. The reports present two variables that influence energy scenarios: the pace
of technological progress and the level of policy enforcement. Among the numerous scenarios
presented, four main scenarios are being emphasized: the “Fading Momentum” scenario, the
“Current Trajectory” scenario, the “Further Acceleration” scenario, and the ‘“Achieved
Commitments” scenario (McKinsey & Company, 2023). In the “Fading Momentum” scenario, the
gradual decline in the pace of cost reductions, climate policies, and public sentiment results in the
prolonged dominance of fossil fuels. Then, in the “Current Trajectory” scenario, the current
trajectory of renewable energy cost decline continues, yet active policies remain insufficient to
close the gap to achieve the European Green Deal’s ambitions. The “Further Acceleration” scenario
posits a more robust commitment from countries, although financial and technological constraints
remain. Finally, in the “Achieved Commitments” scenario, net-zero commitments are achieved by
leading countries through purposeful policies, with others transitioning at a slower pace (McKinsey
& Company, 2022; McKinsey & Company, 2023). These two reports provide a useful overview of
the broader context in which technological innovations and regulatory frameworks operate. The
scenarios provide a means of analyzing the potential influence of various factors, including policy
measures, market dynamics, and technological advancements, on the achievement of net-zero

emissions by 2050. A more detailed analysis of these scenarios is presented in a subsequent section.
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3 Methodology

The research question, “How could technological innovations play a role in bridging the energy
production gap between carbon-neutral energy capabilities and rising energy demand under the
European Green Deal’s net-zero 2050 target?” is approached through an inductive research
methodology. The inductive research methodology begins with the collection of specific
observations and data (Jeffrey, et al., 2009). In this case, the data is qualitative and was collected
through expert interviews and scenario analysis of McKinsey reports, specifically the “Global
energy perspective”. Qualitative research entails conducting interviews, taking notes, analyzing
various forms of textual, audio, and visual data, and identifying themes, concepts, and meanings
(Jeftrey, et al., 2009). Broader patterns and theories are then developed. This approach aligns with
the exploratory nature of this study, aiming to identify which technological innovations will be
most effective in addressing the energy production gap as it enables the acquisition of expert

insights and company scenarios (Jeffrey, et al., 2009).

3.1 Interview analysis

3.1.1 Before the interviews

The interviewer carefully selected interviewees based on their professional backgrounds with the
intention of ensuring a diverse range of perspectives and a comprehensive understanding of the
topic. This selection process aimed to include individuals holding various positions, such as those
working in companies exclusively providing energy from renewable sources, key players in the
energy sector, consultants specializing in innovation, and professionals involved in the regulatory
aspects of the energy sector. The diverse representation allowed the interviewer to gather multiple
viewpoints and insights, thereby enhancing the depth and breadth of the research findings. The

interviewee search concluded when no new insights emerged from additional interviews.

The initial contact with the interviewees was made via email, which included a brief introduction
of the interviewer, an explanation of the purpose of the research, and the specific interest in

gathering information through interviews.

Prior to commencing each interview, the interviewer explicitly requested permission to record the

conversation for methodological purposes, transcription, and limited use within this research.
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Furthermore, the interviewer inquired as to whether the interviewee wished to remain anonymous

for confidentiality purposes. None of the interviewees requested anonymity.

It should be noted, however, that some of the perspectives expressed by the interviewees are not
attributed to the company, and therefore represent the personal opinion of the interviewee. Finally,
the interviewer requested authorization to include a transcription of the interview in the Appendix

of the research (7.10 Interview transcripts).

3.1.2  During the interviews

The interviews were conducted in French or English, according to the preference of the
interviewee, with the objective of ensuring the interviewee’s comfort and facilitating the sharing
of thoughts. The interviews were conducted in either person or via video conference in a semi-
structured format. This allowed the interviewer to adapt the questioning to the responses of the
interviewee and to provide the interviewee with the oppor