me LUISS

Department of Business and Management
Degree Program in Global Management and Politics

Course of Organizing Innovation

Innovation Technologies and the Green Transition

in the Italian Energy Sector

Prof. McCarthy Ian Paul Prof. Bruni Elena

Supervisor Co-Supervisor

ID 755961

Elvina Ageycheva

Academic Year

2022/2023



Table of Contents

1. Introduction

2. Literature review

2.1. Literature on innovation and green innovation
2.1.1. Industry 4.0. and sustainable innovation

2.1.2. Identification of green innovation

2.1.3. Typology of innovation and green innovation
2.2. Literature on business innovation

2.2.1. Schumpeterian theory

2.2.2. Internal capabilities of innovative firms

2.3. Literature on sustainability and green innovation

2.3.1. Triple Bottom Line Theory

2.3.2. Collaboration with Stakeholders, Open Innovation and Triple Helix Model

2.4.1. Sustainable Business Performance through Green Innovation

10

13

19

19

21

23

23

25

28

2.5. Drawing the theoretical framework for identifying, categorising, analysing and assessing

GIs

3. Framework application: Green innovations in the Italian energy industry

3.1. Green innovations in the Italian energy industry

3.3. Green innovation practices in the leading Italian energy companies

3.3.1. Artificial Intelligence

3.3.2. Internet of Things

3.3.3. Blockchain

3.3.4. Cloud computing and Big Data
4. Discussion

5. Conclusion

Bibliography

Thesis Summary

31

34

35

36

37

41

47

52

58

62

65

77



1. Introduction

The energy sector is at the center of attention for any research aimed at establishing the
responsibility for climate change and searching solutions for reaching net zero targets. It is the
problem and the solution to the current climate crisis, accounting for more than two-thirds of global
greenhouse gas (GHG) emissions (International energy agency, 2022). Innovation technologies are
increasingly considered to be the key to climate action due to their ability to effectively accelerate
the green energy transition in any industry, and need to be a crucial part of any corporate strategy.
Artificial intelligence, Internet of Things, cloud computing to blockchain all have the potential to
help address climate change without compromising economic growth. Italian energy companies,
including Enel, Eni, A2A and Terna, have all played a significant role in driving and pioneering
green innovation strategies globally. With abundant renewable energy investments and advanced

innovation initiatives, these companies have the potential to revolutionize the energy industry.

In this light, this thesis aims to identify how Italian energy companies integrate Industry 4.0
technologies in their innovation practices to rapidly reach net-zero targets. The focus of this paper
will be on identifying, classifying, analyzing and assessing the innovation technology initiatives by
Italian energy companies in order to define and to determine strategies that could guarantee their
success. The comprehensive and multidimensional analysis will help to identify possible gaps and

key success factors for green innovation initiatives.

In order to answer the research question, this study aims to first review the literature on how to
define, classify, analyze and assess innovations in general and green innovations in order to develop
a comprehensive framework for the research. Based on the literature review, I will propose a
framework to identify, classify and assess green innovations that will be applicable to the energy
industry in Italy. After this, I will proceed to introduce and review the energy industry in Italy,
explaining its relevance, and then analyze the Italian energy companies’ efforts to adopt and create
innovation technologies aimed at helping them to cut emissions and switch to renewable resources.
Finally, I will apply the elaborated framework to the energy industry in Italy to assess the
companies’ efforts and then discuss the key findings from applying the green innovations

framework.

I will follow a number of steps to conduct the study. In the second section of the thesis, in order to

evaluate the types, value and impact of green innovations and innovations in general, I will
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undertake a thorough analysis of the most pertinent academic literature. First, I will delve into the
literature covering Industry 4.0 and the types of innovation technologies coming with it, which will
later serve for determining which Italian innovation projects to analyze. Secondly, I will examine
the most popular definitions of green innovations to identify their core characteristics later to be
used in the framework and its application. After that, I will review the relevant literature to
determine the typology of green innovations, which will provide a systematic and structured way to
categorize and understand different types of innovations. Following this part, I will discuss how
innovation may spur social and environmental change in addition to economic progress and go
through some of the fundamental theories of innovation explaining why it is important to take into
account. [ will also review different theories to define the key internal capabilities that scholars
consider important for innovative firms. As the last part of literature review, I will analyze theories
vindicating the importance of the holistic approach to sustainable innovation, collaboration, and
stakeholder engagement, as well as determine the key success factors that could be used to assess
green innovations. Overall, the literature review on how to analyze innovations in general and green
innovations in particular will serve the main purpose of this section aimed at developing a

framework for the research.

At the end of the literature review section, I will suggest a framework for recognizing, classifying,
and evaluating green innovations based on thorough theory research. This framework will then be
utilized to analyze GIs in the Italian energy industry. The framework will attempt to provide a
systematic approach to analyzing the adoption of innovative technologies in the context of
sustainability and consist of four steps: identifying green innovations based on their characteristics;
categorizing them based on their types, novelty, and levels of collaboration; analyzing them based
on their economic, social, and environmental impacts; and evaluating them based on their alignment
with sustainability principles, potential to contribute to sustainable development, and potential to

create value for stakeholders.

In the third section of the thesis, I apply the previously developed theoretical framework to the
[talian energy companies to analyze their innovation activities and answer the main research
question. I will first start by introducing the energy sector explaining its key role in the global
energy transition, as well as the relevance of Italian companies in these efforts. This analysis will

guarantee a comprehensive understanding of such a complex and multidimensional topic and
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provide a foundation to analyze the companies’ innovative practices targeted at green transitioning.
Then, I will proceed to apply the framework to specific innovation initiative cases by Italian energy
firms. Since the present study cannot cover all of the Industry 4.0 technologies, I will choose
innovation technologies that are most widely used and accessible information-wise, and present
examples of initiatives by various companies. [ will present and analyze the data before applying

the previously created framework to the particular cases.

In the following section, I will discuss the key takeaways from Section 3 to analyze how Italian
energy companies use innovation technologies to drive the green energy transition. Before
analyzing the main results from the examination of the different innovation practices by different
firms, I will first explore the strengths and limitations of the constructed framework. Then, I will

explain what the insights of my analysis mean for energy companies and researchers.

In the conclusion of this thesis, I will use the results of the previous chapters to discuss the main
topics that I have explored. I will suggest some potential solutions for guaranteeing the success of

green innovation practices.

2. Literature review

As we delve into this section, I will conduct a systematic analysis of the most relevant academic
literature seeking on green innovations (GIs) and innovations in general. Through this study, I
intend to identify and review the relevant theories and frameworks that may be used to define,
classify, analyze and assess the innovation adoption initiatives for environmental purposes in the
Italian energy companies. The results of the analysis should provide a comprehensive understanding
of the notions, characteristics and criteria around Gls used in research. Based on this, I will suggest
a framework that can be utilized to identify, categorize, analyze and evaluate the green innovation

efforts undertaken by Italian energy companies.

In order to guarantee a comprehensive and systematic review of the literature, I have followed the

structure detailed in Figure 1.



.. Search terms used:
Definition of research Databases used:

question: “Green innovations”
What kind of green “eco-innovations” ’
Stage 1 innovation practices do Y Google Scholars > “environmentally,
Italian energy companies LUISS Summons friendly innovations”,
adopt to drive the energy JSTOR “innovations technologies

transition? What makes

them successful? and sustainability”, etc.

Stage 2 Database search —»| Literature selection
Stage 3 Content analysis
Definition of criteria to
identify, classify, analyze and
Stage 4 assess green innovations in
firms

Figure 1. Methodology for literature review

2.1. Literature on innovation and green innovation

2.1.1. Industry 4.0. and sustainable innovation

In this section, I will review the notions of Industry 4.0 key to the study and its relation to
sustainable development goals. I will identify some of the most popular innovation technologies

that can be later used while choosing the specific company cases.

SDGY is a target set by the United Nations (UN) 2030 Agenda that intends to change how firms
build infrastructure, advance industrialization, and foster Industry 4.0 innovation. It claims that in
order to prepare for the future challenges, humanity needs to promote innovative sustainable
technologies while also ensuring universal access to the relevant know-how. Innovation in
processes, products, and integrated inter-entity sustainability efforts must all be put in place to
develop a sustainable production system. A product-service ecosystem, which includes cleaner
production strategies aimed at cutting energy consumption, minimizing waste generation,
controlling pollution, and conserving material resources, is currently one of the dominating trends

in manufacturing industries. Klaus Schwab (2017) coined the term "Industry 4.0" to refer to a
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number of cutting-edge industrial innovations, including sensor networks, the Internet of Things

(IoT), robotics, Big Data, cloud manufacturing, artificial intelligence, and augmented reality (AR).

Carvalho et al. (2019) provided a comprehensive categorisation of the Industry 4.0 technologies

used for environmental goals, including cyber-physical systems, cloud manufacturing, Big Data

analytics, augmented reality, smart sensors, location detection, 10T, and additive manufacturing.

Such digitalization technologies are indispensable for organizations striving to implement

environmentally friendly innovations. Figure 2 summarizes some of the most common types of

innovation technologies used for environmental purposes found in the literature.

Technology
Artificial
Intelligence (AI)
1
Blockchain
J;

3 Internet of Things
(IoT)

4 Cyber-Physical

Systems (CPS)

5 Cloud computing

6 Big Data analytics

Description

Development of intelligent systems that can perform tasks typically
requiring human intelligence. Al technologies enable systems to
perceive, reason, learn, and make decisions (Wu et al., 2021).

A decentralized and distributed digital ledger technology that
records transactions across multiple computers. It provides
transparency, security, and traceability, making it useful for energy
trading, peer-to-peer energy transactions, and ensuring the integrity
of data in energy systems (Borkovcova et al., 2022).

Intelligent and interoperable network of physical devices embedded
with sensors, actuators, and connectivity, allowing them to collect
and exchange data over the internet anywhere and at anytime. [oT
enables the connection and communication of objects, generating
real-time data for monitoring, control, and analysis (Carvalho et al.,
2019; Ali et al., 2015).

Computational collaboration systems that integrate the relationship
between people, data and information, machines and equipment.
They streamline the process of receiving and sharing data, analysis,
interpretation, and decision-making by connecting the physical and
digital worlds (Carvalho et al., 2019).

It utilizes remote servers to store, manage, and process data,
enabling on-demand access to computing resources and reducing
the need for local infrastructure. It supports various applications and
services, providing scalability, flexibility, and cost-efficiency
(Carvalho et al., 2019).

The process and tools used to extract insights from large volumes of
data. It involves organizing data, analyzing it, and visualizing and
presenting insights to enable data-driven decision-making (Carvalho
etal., 2019).



7  Augmented Computer graphics technique that blends the real environment with
reality virtual objects, providing various applications in transmitting
knowledge, work activities, product design, and logistic routes
(Bekaroo, 2018).

8 Smart sensors Key elements of the future smart grid, enabling remote monitoring
and real-time assessment of system performance. They provide
insights and help identify errors and respond to internal and external
needs for adaptation or change in the network (Carvalho et al.,

2019).
9 Location Systems that help identify the location of users or objects in
detection physical spaces, using various methods such as fixed sensors, tags,

or infrastructure (WiFi or Bluetooth). They provide control over
resources and processes, optimizing their utilization and ensuring
they are directed to the right location (Carvalho et al., 2019).

10 Additive A technique that builds complex geometries and structures by
manufacturing printing successive layers of materials based on a 3D model. It has
applications in various industries such as biomechanics,
prototyping, and construction, transforming manufacturing and
logistics processes (Carvalho et al., 2019).

11 Robotics The design, development, and use of robots for various applications
in the energy industry. Robotics technologies can perform tasks
autonomously or assist humans in hazardous or repetitive tasks,
improving efficiency, safety, and productivity in energy production,
maintenance, and inspection processes (Igbai et al., 2019).

12 Digital Twin Virtual replica of physical assets or systems that provides real-time
data and simulation capabilities, enabling monitoring, analysis, and
optimization (Fuller et al., 2022).

Figure 2. Main types of innovation technologies.

Most of the SD goals can be achieved in combination with each other. Apart from SDGY,
companies have to consider SDG7 aimed at ensuring access to affordable, reliable and sustainable
energy for all, SDG12 targeted at sustainable consumption patterns, SDG13 related to combating
climate change and its impacts, and SDG11 linked with making human settlements safe, resilient
and sustainable. All of these goals are closely related to the global energy sector, which sooner or
later needs to take into account the aforementioned conditions. As pointed out before, most of these

global challenges can be tackled with the help of innovation technologies.

The examples of the application of such technologies for environmental means are growing
exponentially amid the innovation technology boom. Sensor networks are used for smart building

systems to optimize energy consumption by adjusting lighting, heating, cooling based on the
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information they get in real time (Santos, 2021). [oT has been successfully used in smart agriculture
systems to monitor moisture, crop health, and weather conditions, enabling farmers to use resources
more efficiently and reduce waste (Rezk, 2021). Autonomous robots can perform tasks such as
cleaning up trash and debris from oceans and rivers, assisting in waste management and reducing
pollution (Rue, 2023). Predictive analytics models based on big data use machine learning
algorithms to optimize energy consumption in buildings, transportation systems, and industrial
processes, reducing carbon emissions and improving efficiency (Ghasemkhani, 2022). Advanced
manufacturing networks utilize cloud-based technologies to share design and production data,
allowing for more efficient use of resources and reducing waste (Fisher, 2018). Artificial
intelligence (AI) is omnipresent in different fields nowadays and is often used in combination with
the aforementioned technologies. Al has been of great benefit in smart grid management for GHG
emission reduction, precision agriculture for crop optimization and waste management, sustainable

transportation, green building and many other applications (Chi, 2022; Nti, 2022).

Innovation technologies are also progressively used in the energy sector, with companies signing
new deals and registering more patents related to artificial intelligence and other innovative
technologies. For example, Siemens AG is spearheading globally the application of artificial
intelligence among other firms in the power industry. The company has launched in 2022 the Tech
for Sustainability ideation campaign aimed at tackling modern challenges in the nexus of
sustainability and technology through collaboration (Siemens, 2023). It is actively using and
promoting its innovative approached based on digital industry technologies, for decarbonization,
industrial energy efficiency and resource efficiency. In the energy realm, it has developed the
Siemens Xcelerator digital business platform which supports companies in decarbonizing through

optimizing production processes digitally (Siemens, n.d.).

The key takeaways from this section include a review of the concept of Industry 4.0 and the
identification and definition of some of the innovation technologies that can be used for
environmental purposes. This section explains what SDG9 is and why it is important for addressing
future challenges with sustainable technologies. Moreover, it describes some of the main types of
innovation technologies, such as artificial intelligence, blockchain, IoT, and robotics, and gives

examples of how they are applied in different fields and industries. It concludes that innovation



technologies are increasingly used in the energy sector and provides an overview of how Industry

4.0 can contribute to achieving SDGs and creating a sustainable production system.

2.1.2. Identification of green innovation

In this section I will attempt to analyze relevant literature to determine the key characteristics of

green innovations, which can later be used for the construction of the theoretical framework.

With the evolution of innovation studies, more academics concur that, even though profit matters,
the creation of value for the society by innovation is equally important. The innovation driven by
firms facilitates market growth, which in turn fosters employment and leads to higher quality of life.
Many scholars argue that the primary objective of business is to create novel, cutting-edge products
and services that boost the economy, provide sustainable competitive advantages in the long-term
while simultaneously providing significant social benefits (Ahlstrom, 2010). Moreover,
environmentally sustainable innovation is crucial to fulfilling the 17 Sustainable Development
Goals (SDGs) by Agenda 2030, including the SDG9. From the marketing point of view,
implementing environmentally friendly innovations assists firms in aligning themselves with
consumers that are increasingly conscious about climate change (Paparoidamis et al., 2019). Such

efforts, therefore, improve the reputation of the company stakeholders.

Ahlstrom (2010), in particular, argues that innovative businesses can contribute to society in several
ways, including by developing products and services that address social and environmental
challenges, promoting ethical and sustainable business practices, and supporting education and
training programs to help build the skills of the workforce. At the same time, Ahlstrom highlights
the need for businesses to adopt a broader perspective that takes into account the impact of their
actions on society as a whole and the importance of creating a supportive regulatory environment to

avoid ecological repercussions of economic growth.

Taking this into account, it is of paramount importance to assess innovations in the light of their
implications for the society and the environment. In the most recent studies, environmental issues
are recognized as being at the forefront of innovations management (El Baz et al., 2022).
Stakeholders are pushing businesses to integrate environmental concerns into their business
decisions while also coming up with novel strategies to boost profitability through sustainable
practices. This has led to the integration of eco-design, cleaner production, and life cycle
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assessments in supply chain management, both internally and with partners. With the growth of
research on sustainability management in recent years, issues concerning sustainable organizational
practices, including innovations at all stages and levels, are increasingly being raised by academics.
As a result, the research concerning green innovation as a part of sustainable innovation has

expanded comprehensively.

Green innovations or eco-innovations refer to the development of environmentally conscious
products or processes that incorporate new or updated technologies aimed at conserving energy,
preventing pollution, or managing the natural environment (Awan, 2020), hence helping companies
to reach net zero goals. De Medeiros (2022) additionally points out that innovations involve not
only products and processes, but also marketing methods and institutional arrangements. The
prerequisite for identifying an innovation as an eco-innovation is if its usage is less detrimental to

the environment than the use of pertinent alternatives (Kemp and Pearson, 2007).

Based on the analysis provided in Figure 3, the key elements of green innovation are (1) novelty, (2)
environmental focus, (3) mitigation of future environmental risks, (4) improved environmental
performance, (5) support for the transition to a sustainable economy, (6) knowledge and technology
application, and (7) green during the full life cycle. Schiederig et al. (2012) also add that the
intention can be motivated not only by ecological impulses but also economical, including the need

to be competitive on the market and satisfy the demand.

Definitions of Green Innovation Key Points Authors

“The production, assimilation or exploitation
of a novelty in products, production processes,
services or in management and business
methods, which aims, throughout its lifecycle,
to prevent or substantially reduce
environmental risk, pollution and other
negative impacts of resource use (including
energy)”.

1. Novelty;
2. Reduction of OECD
environmental risk.
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An organization-specific novel product,
production method, service, or management
strategy that can be created, adopted, or used
to reduce environmental hazards, pollution,
and other negative effects related to resource
use, including energy use, throughout its entire
life cycle. This is accomplished by minimizing
such effects in comparison to other
solutions.

Innovation that improves environmental
performance.

New or modified processes, products and
practices that aim to benefit the environment
by reducing negative impacts and ultimately
contribute to a more sustainable ecological
balance.

Innovation that plays a role in mitigating or
minimizing human-caused burdens on the
environment. It encompasses efforts to
prevent or reduce such burdens, as well as
initiatives to address and rectify existing
damage. Additionally, innovation is utilized in
the identification and monitoring of
environmental issues for effective diagnosis
and management

The creation and acceptance of new concepts,
technologies, and approaches that tackle
environmental issues and facilitate the shift
towards an economy that is both low-carbon
and sustainable.

The generation, dissemination, and
application of knowledge and technologies
that facilitate the attainment of
environmental objectives and foster
sustainable development.

1. Novelty;
2. Reduction of
environmental risk;
3. Higher resource
efficiency compared to
previous processes.

1. Improvement of
environmental
performance.

1. Novelty
2. Benefit to the
environment.

1. Efforts toward
anthropogenic
environmental burdens;
2. Addressing existing
damage;

3. Damage prevention
and monitoring.

1. Novelty;
2. Tackle environmental
issues;
3. Facilitate the shift
toward low-carbon
economy.

1. Generation and
application of both
knowledge and
technologies;

2. Aimed at the
attainment of

environmental objectives;

3. Promote sustainable
development.

Kemp and
Pearson (2007)

Carrillo-
Hermosillaet al.
(2010)

Oltra and Saint
Jean(2009)

Hemmelskamp
(2000)

Ghisetti et al.
(2015)

Suarez et al.
(2018)

Figure 3. Definitions of Green Innovation. Adapted from Diaz-Garcia et al. (2014).
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The key takeaways from this section include the definition of key characteristics of green
innovations and how they can create value for society and address environmental challenges based
on the reviewed literature. The fundamental criteria for determining whether an innovation is green

is summarised in Figure 3.

2.1.3. Typology of innovation and green innovation

In this section, I will explore different typologies of innovation and how they can be applied to the
context of sustainability and the environment. Innovations can take different forms and have been
increasingly branching out into new types with the innovation technology boom. Defining a
typology framework can be an important step in classifying and assessing innovation as they
support in reviewing organizational structures and strategies and predicting specific dependent
variables. They are typically created with respect to certain organizational outcomes (Doty et al.,
1994). Typology can also provide a systematic and structured way to categorize and understand
different types of innovations in the context of sustainability and the environment. It facilitates
comparative analysis among different types of green innovations and enables the identification of

patterns and trends.

The categorisation of innovation can be carried out according to different criteria. One of the
simplest and fundamental typology frameworks for innovations in general - product and process
innovation - has emerged over time through the collective contributions of various researchers and
scholars in the field of innovation studies. The distinction between product, process, and
organizational innovation can be traced back to the work of Joseph Schumpeter (1935), who
emphasized the importance of technological advancements and new product development in driving
economic growth. If applied to the field of sustainability, green product innovation refers to the
improvement or transformation of products by using eco-friendly raw materials in order to prevent
the environmental effects (Amores-Salvado et al., 2014). Solar panels, electric vehicles, and energy-
efficient appliances are all examples of green product innovation. Meanwhile, green process
innovation is defined as the advancement of manufacturing equipment, along with the formulation
of approaches and protocols aimed at mitigating the environmental impacts resulting from
production and consumption practices (Shrivastava, 2018). In the past years, carbon capture and

storage (CCS), advanced wind turbine technology, and biomass conversion have been implemented
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by companies to contribute to a more sustainable and low-carbon future in the production and

consumption processes.

Apart from this, scholars identify organizational innovation, which can entail the development and
implementation of new or improved organizational structures, processes, and practices within a
company (Pereira and Vence, 2012). This type of innovation may include the implementation of

agile workforce, digital transformation, and innovative sustainability management.

Business model innovation focuses on the development of new and innovative ways of creating,
delivering, and capturing value in a business (Pereira and Vence, 2012). Business model innovation
can bring adjustments to how a firm produces income, engages with consumers, and distinguishes
itself in the market. Its goal is to develop new sources of competitive advantage. In the area of
sustainability, it can entail the creation of new business models to increase resource efficiency, such
as industrial symbiosis or new collection and recovery schemes for valuable resources. Some
successful examples of such innovation in the energy industry include Energy Service Companies
(ESCOs), which provide energy efficiency services, such as energy audits and energy management,
financed based on energy savings (IEA, n.d.). Apart from ESCOs, there are peer-to-peer energy
trading platforms through blockchain, Pay-as-You-Go (PAYG) energy solutions, and demand

response and Virtual Power Plants (VPPs) (IEA, n.d.).

Another way of classifying of innovations is based on their novelty and has been developed by
Tushman and Anderson (1986) who label these types “competence-enhancing” (incremental) and
“competence-destroying” (radical). Competence-enhancing innovations refer to significant
advancements in price/performance that leverage existing knowledge and skills. They are often
introduced by incumbent firms and often are aimed at improving individual components. On the
other hand, competence-destroying innovations erode competencies and cause fundamental shifts in
the information and abilities needed for product creation and manufacturing, making preexisting

expertise irrelevant.

If we apply this to green innovations, they can be both competence-destroying and competence-
enhancing, depending on the specific context and nature of the innovation. Some environmentally
friendly discontinuities could substantially alter the knowledge, abilities, and procedures necessary
in industries that rely largely on conventional, polluting technologies. Existing business models can

be disrupted by these breakthroughs, which also make the corresponding competencies obsolete.
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For example, the introduction of electric vehicles (EVs) can be considered competence-destroying
for traditional automakers heavily invested in internal combustion engine (ICE) technology. EVs
require new expertise in battery technology, electric drivetrains, and charging infrastructure,
disrupting the existing competences of traditional automakers. In the energy sector, for conventional
fossil fuel-based energy corporations, the broad adoption of renewable energy sources, like solar
and wind power, might be viewed as competence-destroying. Compared to traditional power
generating techniques, these renewable energy solutions demand distinct knowledge, abilities, and
infrastructure. The necessity to switch to renewable energy sources may render the existing
competencies of incumbent energy businesses with significant investments in fossil fuel technology

obsolete.

On the other hand, many green innovations expand on previously acquired knowledge and abilities,
enhancing and developing accepted practices. These innovations build on already-existing
competencies to provide more sustainable solutions. For instance, improvements in renewable
energy technology, such as more effective solar or wind turbines, can be viewed as competence-
enhancing since they make use of already-developed grid integration and energy generating skills

while strengthening performance and environmental impact.

In the case of green innovations, it is of paramount importance to take into account the context
within which it is adopted, since it takes into account the environmental and social repercussions of
a novel product or process. Hence, a more comprehensive typology framework that can be used for
the purpose of the present study must include more extensive and all-inclusive criteria. The
innovation management research has contributed to the identification of the following dimensions
of innovation: connective, structural, reflexive, and integrative innovation. This typology
categorizes innovations based on their distinct characteristics and focuses on different aspects of the
innovation process and outcomes. The categorization is based on the levels of collaboration,
fairness, as well as adsorption and desorption capabilities. Fairness and collaboration are the driving
powers of governance, since they highlight the need engage and involve diverse perspectives and
stakeholders to address systemic failures and promote inclusive innovation practices. Adsorption
and desorption capabilities are related to the ability of an innovation to attract and retain attention,
resources, and interest from stakeholders through agility and flexibility (Awan, 2020). Adsorption

capability is based on the concepts of accumulation learning (Driessen et al., 2013) and embedding
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integrative routines (De Medeiros et al., 2014) and fosters collaboration aimed at eco-innovation. It
can be linked to the concept of “green absorptive capacity” (Chen et al., 2015), which refers to the
identification, assimilation and utilisation of external knowledge in combination with internal
know-how to build green innovation practices. Meanwhile, the desorption capability relates to the
ability to release or disseminate the innovation to a wider audience or context based on the learning

capability (Schilke, 2014).

Connective innovation refers to the creation and use of novel technologies, systems, or practices
that enhance communication and cooperation between various actors or entities (Awan, 2020). It
entails building platforms, networks, and connections that promote improved collaboration,
communication, and information exchange. To promote creativity and problem-solving, connective
innovation strives to close gaps, improve interactions, and build synergies among various
stakeholders. Connective innovation has the potential to stimulate sustainable development and
economic growth by transforming existing practices in the artificial intelligence and IoT
environment. This type of innovation requires high levels of collaboration and adsorption capability.
According to earlier studies, [oT has the potential to improve productivity, streamline operations
management, and drive organizational restructuring toward collaborative networks that present
fresh opportunities for younger employees (McDonald, 2011). According to Harrington and Ladge
(2009), strong management commitment is essential for fostering creative workforce management
strategies, particularly those that integrate work-life views. Similar to this, the creation of
sustainable products and practices is heavily influenced by a better knowledge of market demands
(Awan, 2020). According to Alan (2010), IoT has led to the creation of a “green innovation
environment” through enhanced connectivity, integration, interoperability, and stakeholder
engagement. Smart grids, smart buildings, precision agriculture, waste management are all possible
due to the Internet of Things, which allows to improve efficiency through data-driven decision-

making (Dhanaraju et al., 2022).

The redesign or restructuring of current systems, structures, or processes inside a company or an
industry constitutes structural innovation. It entails making considerable adjustments to the
underlying infrastructure, governance structures, or operational frameworks. Structural innovation
is crucial to tacking climate change since it directs attention to the effective sustainability

management and the expansion of natural resource management to foster ecological innovation.
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The proponents of structural innovation underline the significance of collaboration among
stakeholders in addressing fundamental issues within the innovation system (Howells and Edler,
2011). The prerequisites for structural innovation are collaboration and desorption capability. 10T,
cloud computing, and blockchain are pivotal tools in structural management. For example, the so-
called “digital twin” technology, helping to create virtual replicas of physical assets with sensors
and Big Data, enables organizations to simulate and optimize performance, identify energy-saving
opportunities, and minimize environmental impact throughout the lifecycle of the asset. This
technology backboned by IoT and advanced data analytics completely transforms the incumbent

infrastructure turning it into a virtual living being (Fuller et al., 2020).

Reflexive innovation can be defined as a type of innovation where actors engage with and utilize a
system of regulations, institutions, and their own capabilities to drive change and improvement
(Windeler, 2018). It involves the adoption of new approaches, methods, or practices that encourage
critical self-reflection and learning within an organization or system. This type of innovation
focuses on creating an environment that promotes continuous questioning, evaluation, and
adaptation of existing assumptions, values, and norms. Reflexive innovation aims to foster a culture
of learning and responsiveness, enabling organizations to adapt to changing contexts and improve
their decision-making processes. In the environmental context, this type of innovation ensures that
the needs of the future generations are take into account and green practices are prioritized over
brinkmanship (Awan, 2020). Reflexive innovation is crucial to building a sustainable future within
organizations. This type of innovation requires fairness and desorption capabilities. For example,
companies worldwide have been successfully adopting energy monitoring and feedback systems
based on IoT in buildings and industrial facilities for real-time data collection and analysis of
energy usage. Reflecting on the results, users can determine new ways of reducing waste and
optimising energy efficiency. Environmental Management Systems, such as ISO 14001, are another
example of reflexive innovations aimed at assessing the environmental impacts and developing
strategies for continuous improvement. Considering the importance of cooperation, another relevant
example would be collaborative networks and knowledge sharing among industry stakeholders,

policymakers, researchers, and community groups.

Integrative innovation is the process of combining and integrating several technologies, fields of

knowledge, or disciplines to come up with new services or goods. It entails fusing diverse
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components to create coherent and synergistic solutions that can handle difficult problems.
Integrative innovation seeks to create new, comprehensive solutions by utilizing the advantages of
many disciplines or areas of knowledge. This type of innovation often includes user innovation
which helps to foster shared vision in generating new ideas. It is high on fairness and desorption
capabilities. Sustainable technologies are increasingly integrated into the existing systems slowly
helping organizations to transition to green economy. Innovation technologies can facilitate the
implementation of circular economy principles, where resources are reused, recycled, or repurposed
to minimize waste and environmental impact. Digital platforms and technologies enable efficient
resource tracking, reverse logistics, and collaboration among stakeholders to create closed-loop
systems. For example, smart grid integration is of great support in adding renewable energy sources
into the existing power grid for better management of energy generation, distribution, and
consumption. Similarly, IoT devices and sensors are employed for environmental monitoring and

management to identify and address environmental issues more effectively.

For the purposes of this study, it is possible to combine different categorizations of innovation by
considering multiple dimensions (type, novelty, impact) simultaneously. For example, an innovation
can be categorized as a green product innovation (type of innovation) that is also competence-
enhancing (novelty of innovation) and integrates various technologies and knowledge fields
(integrative innovation). By combining different categorizations, this study can achieve a more
comprehensive understanding of the innovation landscape in order to ensure better analysis,

comparison, and identification of patterns and trends.

This section has defined four types of innovation based on their characteristics: connective,
structural, reflexive, and integrative — apart from product, process, business model and
organizational innovation types. It also describes two types of innovation based on their novelty:
competence-enhancing and competence-destroying. By combining different dimensions of
innovation, the section has managed to build the basis for a more comprehensive typology

framework.
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2.2. Literature on business innovation

In the following section I will discuss how innovation can drive social and environmental change,
as well as economic growth, and review some of the foundational theories of innovation through
different theories. I will start with the early theories of innovation, such as Schumpeter’s theory of
creative destruction and entrepreneurship, and their limitations in addressing the societal and
environmental impacts of innovation. I will also review additional theories to define the key internal

capabilities that scholars consider important for driving innovation.

2.2.1. Schumpeterian theory

Apart from being an essential driver of economic growth, innovation is critical for driving social
and environmental change. Companies that tap into innovation not only gain competitive advantage

and drive economic growth, but also contribute to Environmental, Social and Governance goals.

However, the first theories, despite occupying an important place in the foundations of the relevant
studies, have mainly focused on the economic aspects of business. Even though the research related
to innovation in business has progressed significantly in the past decades, it is still important to

review the foundations of this field in order to achieve a greater understanding of the subject matter.

In the dawn of the contemporary business ethics studies, Milton Friedman famously argued against
business ethics bringing forward the non-responsibility and the principal agent claims (corporate
executives have responsibilities only towards their shareholders). He stated that the sole purpose
and responsibility of firms was to generate profits, and most corporate social responsibility-driven

actions have bad consequences on markets, and hence on individuals (Hospers, 2005).

This idea was supported by a lot of prolific academics that have either solely focused on the
economic benefits of innovation or have refused to explore more in-depth the environmental and
social impacts of this process. If we focus on the innovation studies, the Schumpeterian theory is
undoubtedly the most established theory that provides a general understanding of the core of
entrepreneurial processes aimed at generating new ideas that can be applied to secure benefits due
to significant improvements (Fagerberg et al., 2012). Decades before Friedman, Joseph Schumpeter
explored in his new numerous works how innovative businesses ignite creative and disruptive
processes that challenge capitalistic notions. He defines innovation as “new combinations” of

changes that disturb the existing equilibrium in the economic system (Schumpeter, 1940).
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In his works, despite briefly mentioning the potential productivity and prosperity for the society,
Schumpeter mainly focuses on the economic implications of innovation. Even though he does not
reject the importance of innovation for environmental and social welfare, he does not place a strong

emphasis on impacts beyond just economic growth.

Figure 4 illustrates the primary contributions of Schumpeter to innovation studies listing the key

ideas of the author in his works:

Main Schumpeterian ideas about innovation Explanation

New waves of innovation occurring in
different periods of human history
have led to the destruction of the old
economic structures and the
emergence of new ones (Schumpeter,
1942).

1 Creative destruction

Entrepreneurship, defined as an innate
source of economic change, is the
main source of creative destruction
resulting in growth and success of

capitalist economies (Schumpeter,
1991).

2 Entrepreneurship

Innovation comes in different forms:
product innovation, process
innovation, business model

3 Forms of innovation innovation, source of supply
innovation, and mergers and
divestments innovation (Schumpeter,
1911).

Innovation is an uninterrupted process
of trial and error which requires risk-

4 Innovation as a continuous process ) . .
P taking and learning from failures
(Schumpeter, 1942).
Innovation is the fundamental driver
. . . of economic growth and it ultimatel
5 Innovation as a driver of economic growth 1€ gTow u Y

leads to higher levels of productivity
and prosperity (Schumpeter, 1942).

Figure 4. Main Schumpeterian ideas about innovation.

Schumpeter provides one of the most comprehensive entrepreneurial innovation theories, which
provides a good basis for the identification of innovation. One of the main takeaways from his

works is the understanding that innovation requires “combinations” of new risky ideas that lead to
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radical, disruptive changes, rather than incremental improvements. Large, incumbent companies can
be too bulky and risk-averse to drive the process of creative disruption, which requires additional

managerial efforts to foster the innovativeness within big companies.

However, as pointed out above, there are some limitations to his works. In relation to the main
subject matter of this paper, an important weak point in Schumpeter’s work is lack of emphasis on
the societal and environmental implications of innovation. It can be argued that his focus on
creative destruction and the pursuit of profits could only ramp up the environmental degradation
and social inequalities. This can be attributed to the vagueness and abstractness of most of his
theories (McCraw, 2007). While providing a good framework for a generalized assessment of
innovations, Schumpeter’s works are not as applicable for green innovations due to the lack of a

more holistic approach.

2.2.2. Internal capabilities of innovative firms

Despite some limitations, the Schumpeterian theory makes an important point — it suggests that
the success of innovations often depends on certain internal capabilities of a company. It highlights
one of the key elements necessary for successful innovation strategies — the risk-taking propensity.
Firms are in need of dynamic capabilities that integrate different resources for effective adaptation
in the ever-changing business environment (Teece et al., 1997). These capabilities, among others,
are especially important for effective green innovations, which are multi-dimensional and more

complex.

Pereira and Vence (2012) have developed a framework that helps to determine what affects the
successful development and adoption of eco-innovation, whether it is the structural characteristics

of a firm, its business strategy, technological capabilities or effective leadership.

The impact of the structural characteristics of a firm, such as age and size, are subject to debate.
Some scholars argue that the probability of adopting eco-innovations is not contingent on the size of
the firm (Wagner, 2008). Some researchers claim that SMEs are more prone to implementing green
initiatives, claiming that incumbent firms are less likely to be innovative (Schumpeter, 1991),
whereas SMEs opt for innovative solutions more often (Acs and Audretsch, 1990). On the other
hand, Lin and Ho (2010) argue that, when compared to small businesses, large organizations

implement eco-friendly practices more quickly by making use of their extensive resources and vital
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infrastructure. Bigger organizations can benefit from economies of scale, access to a large pool of
highly skilled employees, immense tacit know-how and competences. Entrepreneurial dynamism,
adaptability, efficiency, closeness to the market, and motivation are the main elements that have the

greatest impact on small businesses' competitive advantage.

Regarding the business strategy of firms, several studies underscore the key role of visionary
management in the implementation of green innovation (Paraschiv et al., 2012). Taking a long-term
perspective and recognising that green innovation is a continuous process rather than a one-time
initiative, managers can drive sustainable initiatives within companies. Moreover, the top
management of the firm needs to have a clear commitment and focus on environmental
sustainability as a core value of the business strategy. This involves integrating environmental
considerations into all aspects of the organization's operations, products, and services. Corporate
Social Responsibility (CSR) programs are a common and effective way for organizations to adopt

eco-innovations (Cainelli et al., 2011).

Technological expertise is undoubtedly fundamental to successful green innovation initiatives.
Strong technological capabilities enable businesses to create creative solutions that successfully
address environmental problems because they have a deeper grasp of green technology and their
application. Technological expertise is directly supported by R&D capabilities, since robust R&D
competence enables firms to stay at the forefront of green innovation and maintain a competitive

edge (Diaz-Garcia, 2015).

Green innovation efforts also require strong leadership commitment to environmental sustainability
and a distinct vision. In order to inspire and support green innovation activities, leaders must
determine the direction, mobilize resources, and cultivate a supportive organizational culture.
Leaders should also be able to foster a culture of learning and adaptability is crucial for embracing
and implementing green innovation. Firms that promote continuous learning, experimentation, and
the ability to adapt to changing environmental requirements, are better positioned to develop and

adopt sustainable practices (Begum et al., 2022).

Based on this section, while specific capabilities may vary depending on the context, some key
internal capabilities for firms to develop and adopt green innovations include technological and
R&D capabilities, visionary leadership, organizational learning, age, and business strategy focused

on sustainability.
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2.3. Literature on sustainability and green innovation

In this section, I will review some of the literature on sustainability and green innovation, focusing
on two main perspectives: the Triple Bottom Line theory and the collaboration with stakeholders
with open innovation and Triple Helix models. I will aim to define what are the key characteristics

that scholars find crucial for innovation and sustainability practices.

2.3.1. Triple Bottom Line Theory

It was not until 1987 that the concept of sustainable development gained more prominence through
the efforts of the Brundtland report (Brundtland, 1987) by the World Commission on Environment
and Development. The focus on sustainable development was further reinforced by Elkington
(1997) in his Triple Bottom Line (TBL) theory. The TBL approach suggests using the economic,
social, and environmental elements to evaluate sustainability efforts by organizations. It underscores
the positive effects of including those elements into firms’ innovation strategy and striking a

balance between all the three dimensions.

The Triple Bottom Line theory takes a holistic approach towards business activities, viewing them
not only as drivers of economic growth but also contributors to environmental and social areas.
Instead of solely focusing on financial performance, it encourages organizations to consider the
inevitable implications of their operations for the external environment. Economically, TBL
considers the financial aspects of business operations, such as profitability, cost efficiency, and
economic value creation. The environmental dimension places a great emphasis on sustainability
and ecological stewardship. It entails evaluating how corporate operations affect environmental
factors such as resource consumption, pollution, greenhouse gas emissions, and ecological
sustainability. Finally, the social dimension takes into account the obligations and societal
repercussions of firms’ actions. It includes topics like social equality, participation in the

community, worker wellbeing, respect for human rights, and ethical behaviour (Elkington, 1997).

Organizational innovation is an indispensable part of business efforts toward the improvement of all
those three dimensions. It has particularly been recognized as a crucial tool for resolving issues with
sustainable development (Hall et al., 2003; Boons et al., 2013). The TBL theory has been used in
research on green innovation to demonstrate how such inventions may boost social welfare while

promoting economic growth (Mendes, 2021). Since the triple bottom line approach allows for a
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comprehensive assessment of green innovation technologies by taking into account their effects on
the economy, the environment, and society, it offers a bigger picture that looks beyond monetary

rewards and takes into account wider sustainability concerns.

From the social perspective, the TBL approach ensures that green innovations are assessed in terms
of their social implications. It encourages the evaluation of factors such as job creation, community
involvement, equity, and the well-being of stakeholders affected by the innovation. It exhorts firms
to take into account whether certain business practices will bing positive repercussions, like
increased access to energy, job creation and energy affordability, or negative repercussions, such as

job replacement, technological divide, ethical and private concerns.

Turning to the scope of this study, from the environmental impact perspective, the Triple Bottom
Line theory aids in evaluating the ecological advantages of green technologies by taking the
environmental component into account. It makes it possible to identify and quantify environmental
advancements including reduced resource consumption, lower emissions, and improved
conservation techniques. It also allows to evaluate not only positive environmental implications of
green innovations, but also negative. On one hand, recent innovations in the energy industry have
indeed led to higher energy efficiency, wider renewable energy integration, more efficient demand
response and load management, highly accurate predictive maintenance. On the other hand, it is
crucial to evaluate the reverse effects of the innovations adopted by firms, since they can impact the
energy consumption levels by data centres and computing infrastructure, volumes of e-waste,

demand for data storage and transmission capacity, and ethical sourcing of resources.

Overall, the TBD approach emphasizes the sustainable development's long-term outlook. It
promotes the evaluation of green technologies based on their long-term benefits and potential for
good legacies by taking into account the capacity of future generations to meet their needs. TBD
provides a complete framework to assess green innovations in a comprehensive and balanced

manner, considering their economic, environmental, and social impacts.

Assessing the potential environmental impacts of green innovation requires a comprehensive
evaluation framework. The present study’s scope does not include the analysis of the existing
frameworks on this topic. The assessment of innovations in the Italian energy industry on this
criteria will be based on the information and feedback available in open sources. However, it is

worth mentioning the most used methodologies.
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Life Cycle Assessment (LCA) is one of those widely used techniques for the assessment of the
environmental impacts of products, processes, or services throughout their life cycle, from the raw
material extraction to distribution and use. According ISO 14040 (ISO, 2006), LCA can be applied
for product development and improvement, strategic planning, public policy making and other
means. LCA provides a systematic approach to evaluate the environmental burdens and potential

improvements for different companies.

Another method for environmental impact assessment is called Environmental Footprinting (EV).
According to the European Commission (2021), EV methods, such as carbon footprint, water
footprint, or ecological footprint, are the most reliable and verifiable ways to calculate the
environmental performance of companies. Moreover, this technique helps other actors to have
access to such information increasing transparency and incentivising the reduction of the carbon
footprint. It is important to keep in mind that the effectiveness of EV depends on various factors,
most importantly the scope and accuracy of the collected data. When implemented properly, EV can
contribute to not only improved environmental performance, but also supply chain transparency,

stakeholder engagement and communication, and strategic decision-making.

In summary, the Triple Bottom Line theory suggests using the economic, social, and environmental
elements to evaluate sustainability efforts by organizations, and clearly vindicates that innovations

can substantially contribute to all those three dimensions.

2.3.2. Collaboration with Stakeholders, Open Innovation and Triple Helix Model

To further build the matrix and to build criteria to assess eco-innovations, it is important to bring
about another perspective. The evaluation of firms’ sustainability efforts cannot be restricted only to
their organizational capabilities. Companies are also influenced by other stakeholders, benefiting
from interactive processes (Caloghirou et al., 2004). Collaborative networks tend to facilitate the
identification of potential opportunities for innovation and ensure improved results due to
knowledge transfer and collaboration. Several scholars have emphasized that companies can
execute certain plans more effectively through cooperation (Abramovsky et al., 2009). According to
the research, businesses that don't communicate and share information, explicitly or implicitly, are

less able to adjust to changing market conditions (Hanna et al., 2008).
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The process of developing an innovation consists of three strategies, according to Navarro (2002).
The first one — the "make" strategy — is linked to generating internal knowledge within the firm.
This strategy depends on internal resources, knowledge, and R&D efforts aimed at providing new
insights and breakthroughs. The second strategy is called "buy", in referral to acquiring information
or technology from outside sources. Instead of creating information, intellectual property rights, or
technologies from scratch, this strategy involves obtaining them through licensing, collaborations,
or acquisitions. Cooperation with other agents, commonly known as "cooperate", is the third
strategy that Navarro emphasizes. The importance of official and informal collaboration with
external organizations like research institutes, business partners, suppliers, or clients is rendered
crucial by this strategy. This is because collaboration enables firms to access external knowledge,

skill, and resources, strengthening their capacity for innovation.

This aligns with the idea of open innovation (Chesbrough, 2003), which involves knowledge flows
across organizational boundaries, for both pecuniary and non-pecuniary reasons. This includes open
source innovation, crowdsourcing, IP licensing, university collaborations, startup engagement,
venture capital, interfere collaboration, R&D, supplier-driven and user innovation. Firms are more
likely to come up with successful innovative solutions when they resort to open innovation
(Chesbrough, 2006), hence collaboration tends to enhance innovation. This is especially relevant in
the context of eco innovations. Most companies do not focus their key efforts on environmental
issues, which is why cooperation with third parties can be pivotal in developing sustainable

practices and adopting green innovations (Melander, 2018).

The idea of collaboration is further developed in the Triple Helix Model (Etzkowitz et al., 1995),
which is often compared to the model of open innovation. The Triple Helix Model (THM) insists on
the importance of collaboration between the government, industry, and academia to promote
innovation and societal progress (Figure 5). This is manifested in the form of university research
funding by government or industry, technology transfer, special national programs (Leydesdorff et

al., 2016).
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Main Triple Helix Model ideas about innovation Explanation

The model recognizes that innovation
arises through the dynamic
engagement of universities, industries,
and government agencies. Each helix
represents distinct actors with their
own roles and resources (Etzkowitz et
al., 1995).

Collaboration among University, Industry, and
Government

The model looks into the flow of
knowledge and expertise among the
three helices. Universities contribute
scientific research and knowledge
creation, industries apply and
commercialize this knowledge, and
government policies and regulations
facilitate the transfer and utilization of
knowledge in society (Etzkowitz et
al., 1995).

2 Knowledge Exchange and Transfer

The THM suggests that innovation
thrives when there is strong
collaboration and synergy between
academia, industry, and government.

3 Synergistic Relationships This collaboration fosters the
development of new technologies,
products, services, and policies that
address societal challenges (Etzkowitz
et al., 1995).

Figure 5. Main Triple Helix Model ideas about innovation

The THM approach is vindicated by many other theories with a similar focus. The concept of
System Building (Nelson, 1993) can be used to complete and reinforce the idea of collaboration and
necessary interaction with the environment. This theory calls for a radical shift in the philosophy
around innovation — from an insular point of view to a more inclusive consideration of business in
the context of society. Its main idea is rooted in the phrase “doing good by doing new things with
others” (Adams, 2016). Sustainability efforts can only work on the global level and cannot pertain
to just a single firm. The radical change that is required to fight climate change will only work

within an interconnected system of innovations consisting of stakeholders from different areas.

As it emphasizes the significance of multi-stakeholder cooperation and information sharing in

supporting sustainable development, the THM can hold great value for evaluating green
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technologies. Interdisciplinary strategies including the incorporation of scientific research, technical
developments, business skills, and favorable governmental regulations are prerequisites for green
innovations. The THM may be used to assess how well these three helices are working together and

how they are influencing the creation and implementation of sustainable solutions.

It is important to add that, apart from cooperation, stakeholders can be one of the prime reasons for
the adoption of green innovation practices in companies. Chen and Jiang (2023) argue that the
institutional environment and the market (customer demand for green practices and competition)
directly influence the top management decision to adopt green innovation initiatives. They found
based on empirical evidence that this external stakeholder pressure is especially successful when the

top management already has an environmental mindset.

The collaboration with stakeholders perspective provided in this section demonstrates how
innovation arises through the dynamic engagement of universities, industries, and government
agencies, as well as other external actors, such as customers and competitors. The key takeaway

from this is the importance of collaboration and stakeholder engagement in driving innovation.

2.4.1. Sustainable Business Performance through Green Innovation

After identifying and analysing an innovation, it is necessary to evaluate it based on its alignment
with sustainability principles, its potential to contribute to sustainable development and to create
value for stakeholders. Ideally, the end purpose of any green innovation should be the reduction or
eradication of environmental harm coming from a company’s operations. In order to understand
how likely an innovation is to contribute to the SDGs, several scholars have identified different

success factors of innovation.

Baeshen et al. (2021) found that green absorptive capacity, or more broadly organisation learning,
have a positive influence on GIs within SMEs. This implies that organizations need to identify,
adapt and apply internal and external knowledge to be able to effectively manage novel green
practices. This knowledge may include the understanding of sustainable technologies,
environmental regulations, market trends, and consumer preferences. These elements need to be
effectively identified, assimilated, interpreted and managed within the organization. Apart from
information, such knowledge also includes the up-to-date know-how about new technologies,

processes, and practices. Moreover, firms need to be able to adapt and recombine existing

28



knowledge and capabilities with newly acquired knowledge in order to create innovative solutions

that address environmental challenges.

Skilled human capital and environmental awareness of the top management are also important
aspects that can positively affect the performance of Gls (Baeshen et al., 2021). Skilled human
capital brings specialized knowledge and expertise in areas relevant to green innovation, such as
environmental management. When the human resources possess such competences, they influence
positively the direction of green innovation initiatives through employee activities (Huang and
Kung, 2011). These intangible and tangible assets can be further reinforces by the environmental
awareness and commitment of the management which sets the tone for the organization's
sustainability efforts. The sustainable mindset of the management fosters a system of values
completely transforming the practices in the firm by endorsing employees' eco-friendly behaviour,
ensuring that employees have easy access to organizational resources, raising hiring standards,
fostering organizational learning, and acquiring environmental knowledge (Lin and Ho, 2011).
Overall, organisational support which fosters innovation by ensuring the availability of relevant
resources significantly influences the adoption of innovation (Baeshen et al., 2021).

De Medeiros et al. (2014) identified four success factors that influence green innovation
performance: “market, law and regulation knowledge”, “interfunctional collaboration”, "innovation-
oriented learning”, and “R&D investments”. Firstly, firms are likelier to invest in green innovation
when there is market demand and consumer interest along with relevant trends, educational
campaigns, favourable laws, and government incentives (De Medeiros et al., 2014). Being aware of
these aspects and effectively leveraging them is key to successful GIs. Moreover, once green
initiatives are adopted, companies are likely to be rewarded by the market with differentiation, cut

costs, and better reputation (Cambra-Fierro et al., 2008).

According to De Medeiros et al. (2014), the development and delivery of ecologically friendly
products also requires interfunctional cooperation, echoing the THM and System Building concepts
discussed previously. Chen (2007) found that a mix of internal and external factors, such as
technology availability, development costs, consumer pressure, and governmental laws, can
influence the success of green innovation initiatives. The maturity of the organization and
interactions with other participants in the supply chain, such as logistics, are equally critical for the

creation of sustainable products (Jabbour. 2008). GI initiatives are always more successful when
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important stakeholders, such as suppliers, academic institutions, and research organizations are
involved. Moreover, apart from external stakeholders, market performance is positively impacted
by a multi-level integration of various departments within the firm and the involvement of
environmental specialists (Pujari et al., 2004). This means that the incorporation of environmental
sustainability into every aspect of the business and the provision of incentives for this strategy can
guarantee the effective sustainable product and process development. Overall, studies show that
improved environmental practices and sustainable innovation performance are a result of concurrent

engineering and proactive interactions between several fields.

De Medeiros et al. (2014) also reinforces the claim of Baeshen et al. (2021) about the importance of
the organizational learning capacity. He claims that, although cultural obstacles might impede it,
innovation-oriented learning is a crucial component of effective environmentally friendly product
innovation. To provide excellent green product performance, businesses must build a set of green
competences and embrace a proactive leadership style (Aragon-Correa et al., 2008). In order to
close the gap between technology advancements and economic outcomes, proactive leadership and
the capacity to consider processes from several angles are essential. De Medeiros reiterates that the
organizational culture of learning encourages the integration needed to put a triple bottom line
strategy into practice. Continuous learning through critical reflective analysis (the adsorptive

capacity) is a top priority for businesses that concentrate on environmentally friendly solutions.

Finally, De Medeiros et al. (2014) highlight the crucial role of R&D investments based on the
findings of their study. Gls are made possible by adequate production methods and technological
capabilities, including competent people resources, labs, and tools (Montalvo, 2008). Professionals
with more advanced skills can respond quickly to environmental demands for environmentally
sustainable product creation. Together with external aspects like environmental legislation and
consumer behavior, technological skills and resource availability directly affect the success of
innovation initiatives. Investments in technology and equipment are favorably influenced by the
control of governmental regulatory agencies, leading to favourable results in green innovation

efforts.
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Success Factors for Green Innovation Authors

1 Green Absorptive Capacity and Baeshen et al. (2021);
Innovation-Oriented Learning De Medeiros et al. (2014)

2 Skilled Human Capital Baeshen et al. (2021)

3 Environmental Awareness of the Management  Baeshen et al. (2021)

4 Market, Law, and Regulation Knowledge De Medeiros et al. (2014)

5 Interfunctional Collaboration De Medeiros et al. (2014)

6 R&D Investments De Medeiros et al. (2014)

Figure 6. Success Factors for Green Innovation

Figure 6 highlights the main factors — green absorptive capacity and organizational learning,
skilled human capital, environmental awareness of top management, market, law, and regulation
knowledge, interfunctional collaboration, innovation-oriented learning, and R&D investments —
that contribute to the effective implementation of environmentally friendly practices and sustainable
product development. All success factors identified through literature review are interconnected and
have overlapping elements, emphasizing the importance of a holistic approach to green innovation.
These success factors will be crucial to the assessment of GIs in the Italian energy industry in the

following chapters.

2.5. Drawing the theoretical framework for identifying, categorising, analysing

and assessing GIs

Based on the comprehensive literature review, this chapter will attempt to propose a framework for
identifying, classifying, and assessing green innovations, which will later be used to analyse GlIs in
the Italian energy sector. This framework will draw on relevant theories and concepts from the
literature review and provide a systematic approach to analyzing the adoption of innovative

technologies in the context of sustainability (Figure 7).
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ldCHtiﬁC‘dtiOﬂ Is it green innovation?

Does it have the following characteristics?

1) Novelty

2) Knowledge and technology application

3) Environmental focus

4) Improved environmental performance

5) Mitigation of future environmental risks

6) Support for the transition to a sustainable economy
7) Green during the full life cycle

What kind of green
innovation is it?

Categorization

Product . Process . Business or Organizational

innovation  innovation model
Competence- or Competence-
enhancing destroying

Connective or Structural or Reflexive or Integrative

What are its potential environmental,
but also social and economic impacts?

Analysis

. Does the innovation initiative take into account
different impacts it may have in different areas?

. How does it impact the environment?

. What are its social implications?

. What economic implications does it have?

Does it contribute to sustainable

Evaluation development?

Does it create value for stakeholders?

The success factors checklist:

1) Absorptive Capacity & Innovation-Oriented Learning
2) Skilled Human Capital

3) Environmental Awareness of the Management

4) Market, Law, and Regulation Knowledge

5) Interfunctional Collaboration with Stakeholders
6) R&D Investments

Figure 7. Framework for identifying, categorising, analysing and assessing GIs

Regarding green innovation identification, Chapter 2.1.2. has provided a comprehensive analysis of

diverse definitions from the reviewed literature and define the key elements that can be utilised for
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GI recognition. An innovation can be called green, if it is possesses the following characteristics:
novelty, knowledge and technology application, environmental focus, improved environmental
performance, mitigation of future environmental risks, support for the transition to a sustainable
economy, and green during the full life cycle. By incorporating these characteristics, the definition
of GIs becomes comprehensive and allows for the clear identification and classification of
innovations that prioritize environmental considerations and contribute to sustainable development.
It enables stakeholders to distinguish GIs from other types of innovations and focus efforts on
promoting and supporting environmentally beneficial solutions. As for this study, the characteristics

will act as a checklist to prove that certain innovations in the Italian energy industry are green.

Concerning the categorisation of eco-innovations, Chapter 2.1.3. distinguished three criteria for
discerning different types of innovations, which can be used together due to their complementarity.
Firstly, green innovations can be categorised based on their types — product, process, business
model, and organizational. Secondly, innovation is traditionally categorised based on its novelty
(competence-enhancing or competence-destroying). The first two methods are the basis for
innovation categorisation. However, since they apply to any kind of innovation, it is important to
bring in other dimensions. The main purpose of green innovations is the reduction of GHG
emissions and the mitigation of environmental risks. Moreover, it is crucial to take into account
other important factors, like collaboration and learning abilities of the innovative organization. The
third method (connective, structural, reflexive, and integrative) is based on the levels of

collaboration, fairness, as well as adsorption and desorption capabilities of a company.

Overall, understanding the type of innovation provides companies with a framework for making
strategic decisions, evaluating performance, fostering collaboration, and leveraging the acquired
knowledge. It enhances the company's ability to innovate effectively and achieve its innovation
objectives. In regards to this study, it will become an important tool for categorising the Italian

energy industry innovations.

The analysis of green innovations implies understanding their potential environmental, but also
social and economic impacts. This question can be answered based on the TBL theory, which
suggests a holistic approach to sustainable practices. By considering all three dimensions,
companies can assess the broader impacts and outcomes of their green innovations. Environmental

impacts are typically the primary focus of green innovations, aiming to reduce resource
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consumption, emissions, and ecological harm. However, it is crucial to also evaluate the social
implications of these innovations. This includes assessing factors such as job creation, social equity,
health and safety benefits, community engagement, and the well-being of stakeholders affected by
the innovation. Additionally, the economic dimension, which considers cost-effectiveness, market
competitiveness, profitability, and the potential for economic growth, is vital for the long-term

viability and scalability of green innovations.

The final evaluation of green innovations is based on their alignment with sustainability principles,
their potential to contribute to sustainable development, and their potential to create value for
stakeholders. This part is based on the literature review from Chapter 2.4.1. and also takes
inspiration from the overall discussion in Chapter 2.  The developed criteria provide a
comprehensive list of success factors ensuring that all the questions are answered. They show that it
is not enough to simply analyse the innovation itself, it is crucial to evaluate the company

implementing it, since the success of the initiative depends on diverse factors.

This section proposes a framework for identifying, classifying, and assessing green innovations,
which will be later applied to the Italian energy sector. The framework draws on relevant theories
from literature review and consists of four steps: identifying green innovations based on their
characteristics, categorizing them based on their types, novelty, and levels of collaboration,
analyzing them based on their economic, social, and environmental impacts, and evaluating them
based on their alignment with sustainability principles, potential to contribute to sustainable
development, and potential to create value for stakeholders. The section provides an overview of

how this framework can help assess green innovations in a comprehensive and balanced manner.

3. Framework application: Green innovations in the Italian energy industry

In this chapter, I will apply the theoretical framework developed in the previous section to the
Italian energy sector. I will start by briefly introducing the Italian energy industry, its relevance and
contribution to the international arena, as well as the green innovations practices adopted by the
local firms. Based on the open source data on the innovative technologies adopted by Italian energy

firms to reach net-zero targets, I will use the framework to classify and assess these innovations.
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3.1. Green innovations in the Italian energy industry

The global mega-trends have been completely redefining the political, economic and social aspects
in a profound and structural way. Demographic and socio-economic shifts, the rapid pace of
technological advancements and digitalization, as well as the increasing influence of human
activities on the environment and natural resource utilization will, unless effectively regulated,
result in a significantly altered world within the next three decades compared to the present. The
energy sector, which is greatly responsible for a large share of GHG emissions, is deeply impacted
by these trends. Technological innovation and digitization can help accelerate the energy transition

towards a carbon neutral economy contributing to the SDGs adopted by the UN.

This agenda plays a crucial role for the Italian energy sector. Among the EU members, Italy is the
third largest consumer of energy, coming after Germany and France (IEA, 2023), and is among the
top-10 largest CO2 emitters in the world, with its total emissions soaring to 328.7 Mt in 2021
(Global Carbon Project, n.d.). Just like in most other countries, Italy is in need of a significant
increase in investments in renewable energy, prompted by government incentives. The Italian
authorities are strongly pro-renewables and have defined energy and climate as the cornerstones of
their political agenda setting an ambitious goal with renewables of reaching 30% in total energy
consumption and 55% in electricity generation by 2030 (IEA, 2023). The government has
implemented a comprehensive framework that includes incentives, feed-in tariffs, and regulatory
measures to drive the deployment of renewable technologies. The country has also made significant
progress in diversifying its energy mix and reducing GHG emissions. According to IEA (2023),
Italy currently has 22 technology collaboration programs. With the country’s ambitious climate
goals, the local energy companies are incentivised to increase the investment in and adopt green

innovations.

Italian energy companies, including Enel, have played a significant role in driving and pioneering in
green innovation strategies in the country. Leading the way is Enel which has made sustainability a
core part of its business strategy by establishing Enel X and innovation ecosystem of startups,
research centres, universities and clients (Enel X, n.d.). With its commitment to sustainability,
prolific renewable energy investments, strategic collaborations with academia, government and
other stakeholders through the Enel Innovation Hub, the company’s leadership in green innovation
extends beyond Italy. Italian energy companies, including major players like Enel, possess
substantial industry expertise and resources due to advanced technical knowledge, research

capabilities, and financial resources to invest in and support green innovation research. Their
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influence and market scale enable them to implement and test green innovation solutions at a large

scale, providing valuable data and insights for research.

According to a literature review conducted by Schiederig et al. (2012), a lion’s share of researchers
actively working on green innovation are situated in Europe, particularly in Italy, along with the
Netherlands and Germany. Leading with 159 publications is F. E. E. Mattei from the Italian Climate
Modelling Institute, followed by Massimiliano Mazzanti from the University of Ferrara and Carlo
Carraro from the University of Venice (Schiederig et al., 2012). The high number of scholars on
green innovation in Italy can positively affect the success of green innovation strategies, since this
can lead to innovation and environmental research and knowledge generation and subsequent
implementation of cutting-edge technologies and practices through collaboration and networking
between academia and business. Moreover, it contributes to the training of a new generation of

professionals who possess the knowledge and skills required to drive green innovation forward.

With Italy being one of the groundbreakers in renewable energy on a global scale, is it important to
analyse green innovations in the Italian energy industry to gain insights into the country's ambitious
targets, technological advancements, market opportunities, and the lessons they provide for the
broader global energy transition. Overall, the Italian energy companies are relevant for green
innovation research due to their industry expertise, resources, market influence, access to data and

infrastructure, collaboration opportunities, and policy influence.

3.3. Green innovation practices in the leading Italian energy companies

Several Italian energy companies, such as Enel and Eni, have invested heavily in renewable energy
sources like solar, wind, and hydropower, contributing to the expansion of renewable energy
capacity and the reduction of carbon emissions. Most of these endeavours are possible due to
innovation technologies, like Al and machine learning, cloud services, 10T and others. In order to
demonstrate the applicability and effectiveness of the developed framework, this section will be
divided based on the different types of innovation technologies predominantly used in the energy
sector. Since the types of such technologies are countless, the present study cannot cover all of
them, hence I will focus on the most popular technologies with the highest accessibility of
information. The analysis will include Al and machine learning, IoT, cloud services, and
blockchain (Figure 2). For each type, an example of innovation practices by different companies

will be presented, depending on the availability of information, relevance to the framework,

36



significance and balance. After presenting and analysing the information, I will apply the previously

developed framework to the specific cases.

3.3.1. Artificial Intelligence

Artificial intelligence is is a machine’s ability to simulate or demonstrate human-like intelligent
behaviour, such as learning, problem-solving, analysing, creativity (McKinsey, 2023; Russel et al.,
2016). By perceiving the environment, Al can make decision to improve or maximise certain
aspects. Al has the potential to accelerate the dingy transition by saving time and resources,
unlocking new sources of value, and creating new business models (Mehlum et al., 2021). It can be
used to integrate renewable energy sources into the grid, by forecasting demand and supply,
managing load balancing, and enhancing grid resilience. By enabling smart mobility, process
automation, and energy efficiency, it can lead to a significant reduction of GHG emissions. If a few
year ago little effort and investment focused on next-generation digital technologies, nowadays,

most Italian energy companies are actively taking advantage of Al to drive the energy transition.

Enel and Myst Al

In 2018, Enel Green Power, part of Enel, started working with Myst Al to develop Al-powered
forecasts for various energy applications. Myst Al is a Google-backed timed series forecasting
platform that provides companies with near-term load, renewable production and market price
forecasts. It increases the accuracy of forecasting models specifically in the energy industry, since
utilities like Enel heavily depend on day-ahead and intraday forecasts amid the rise of intermittent
renewable energies to ensure stability of the grid. This is particularly relevant for solar and wind

energy production which is highly dependent on weather conditions (Enel, 2022).

The variety of applications of Myst Al is extremely diverse. For example, Enel uses Myst AI’s
machine learning-powered forecasts to support the energy transition by enabling smart grid
management, renewable energy forecasting, and energy efficiency improvement (Enel, 2022). More
specifically, Enel uses Myst Al’s forecasts to predict the electricity load by consumers and optimize
the dispatch of power plants, reducing the need for fossil fuel backup generation. Enel also uses
Myst AI’s forecasts to predict the renewable energy production from its wind and solar plants, and
to plan the optimal storage and distribution of excess energy. Moreover, Myst Al’s forecasts help to
identify opportunities for energy efficiency improvement in its buildings and facilities, reducing its

energy consumption and costs (Blanco et al., 2021).
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Furthermore, Enel uses Myst Al’s forecasts to bid on asset production in intraday markets, thereby
reducing imbalance costs by 5% per year, which means that the amount of energy produced matches
the amount of energy demanded more closely (Myst Al, 2022). By using Myst Al’s forecasts, Enel

can better estimate its energy production from renewable sources and adjust its bids accordingly,

minimizing the risk of imbalance.

Based on these examples, it is evident that the applications of Myst Al for environmental purposes
are unlimited and present an amazing tool for Enel on the path to complete energy transition.
Framework application
Myst Al by Enel

Step 1. Identification - Is it a green innovation?

Criteria checklist Comments

Novelty 4 It involves the application of a new and original
technology.

Knowledge and v It involves the application of a new and original
technology technology, as well as know-how about Al and energy
application production.
Environmental focus v It is aimed at supporting the energy transition.
Improved v It leads to improves environmental performance
environmental reducing energy consumption.
performance
Mitigation of future v It mitigates the risks with Al-powered forecasts.

environmental risks

Support for the 4 It is aimed at supporting the energy transition.
transition to a
sustainable economy

Green during the full ? Myst Al’s environmental footprint is not definitively

life cycle positive, as it depends on factors such as the data
centers, servers and networks that support its cloud-
based machine learning platform.

Step 2. Categorization - What kind Comments
of innovation is it?
Type Process It involves an improved way of conducting Enel’s
innovation renewable energy projects.
Novelty Competence- It improves Enel’s existing capabilities in forecasting
enhancing and managing renewable energy production and
innovation consumption.

38



Impact Integrative Integrative since it combines and integrates several

technologies and fields of knowledge.

It also has reflexive, structural and connective
characteristics.

Step 3. Analysis - What are its potential environmental, but also social and economic
impacts?

Does the innovation initiative take into = There seems to be intentionality in Enel’s initiative,

account different impacts it may have  aimed at supporting energy transition, cutting costs,

in different areas? benefitting to the society. However, open sources are not
enough for comprehensive evaluation.

How does it impact the environment?  The environmental impact of the initiative may depend
on the trade-offs between its benefits and costs and how
they are measured and balanced.

On one hand, it supports the energy transition due to
reduced energy consumption, optimized storage and
distribution of excess energy, and overall, cuts GHG
emissions and fossil fuel consumption.

However, it may also have some negative environmental
impacts, since Myst Al relies on data centres, servers
and networks. Moreover, the use of renewable power
plants can also have its negative effects. According to
the Group’s GHG Inventory, their CO2 emissions in
2021 increased by 13% in relation to 2020 (Enel, 2022).
Overall, the positive implications outweigh the negative.

What are its social implications? More reliable and sustainable energy services contribute
to the quality of life and well-being of its customers and
stakeholders.

What economic implications does it In regards to Enel, it helps to reduce its imbalance costs,

have? improving profitability and competitiveness in the

energy market.

On a societal level, it can support the creation of new
markets, jobs and revenues, as well as improve
productivity of industries. However, it may also lead to
market disruption and job destruction.

Step 4. Evaluation - Does it contribute to sustainable development? Does it create value for
stakeholders?

Success factors checklist for Comments
companies
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Absorptive Capacity
& Innovation-
Oriented Learning

Skilled Human
Capital

Environmental
Awareness of the
Management

Market, Law, and
Regulation
Knowledge

Interfunctional
Collaboration with
Stakeholders

The use of Myst Al by Enel involves acquiring,
adapting, and exploiting external knowledge from Myst
ATD’s machine learning platform to optimize energy
forecasts and reduce imbalance costs. On a larger scale,
it involves acquiring and applying knowledge to drive
the green transition.

Enel does have skilled human capital due to a diverse
and talented workforce of over 65,124 employees across
more than 30 countries (Enel, n.d.) with “different
experiences, unique aspirations, strong feelings of
belonging and great spirit of service” (Vera, 2014). The
company invests significantly in the training of its
human capital, nurtures respect for human rights and
focuses on the employee empowerment by focusing on
their wellness, motivation and active involvement (Enel,
n.d.).

Enel’s management has been consistently investing in
green technologies and adopting sustainable strategies.
They have also committed to achieve net-zero goals by
2040 (Enel, 2021; Enel, 2020). Moreover, the company’s
net zero plan strives to work towards decarbonisation by
promoting inclusions and equality, covering also the
social aspect. Out of Enel’s total power generation,
renewables account for almost 50%. The company
expects to increase that number to 85% by 2030 and net-
zero by 2040 (Enel, n.d.).

Enel operates in a complex and competitive environment
that requires constant adaptation and innovation based
on such knowledge. For example, Enel has a deep
knowledge of the electricity market design and the
wholesale energy market regulations in the EU and other
regions (Ysewyn, 2022).

Enel actively collaborates with external partners, such as
universities, research centers, startups and innovation
hubs, to access and leverage external knowledge and
skills (Enel, n.d.).

Moreover, the company puts a strong emphasis on open
innovability, creating a platform where any user can
solve a challenge or propose a new project. According to
Enel’s website, it has evaluated over 28000 opportunities
and started more than 800 collaborations, the majority of
which are with dynamic startups, SMEs, and other. The
company has transformed over 300 ideas into actual
business projects (Enel, n.d.).
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R&D Investments v Enel expects to mobilize investments of 190 billion
euros in the 2021-2030 period, of which 160 billion
euros will be allocated to organic growth (Enel, n.d.)

Figure 8. Framework application: Myst AI by Enel

Based on the framework analysis (Fig. 8), the use of Myst Al by Enel is an example of an effective
green innovation that improves Enel’s environmental, social and economic performance in the
energy sector. It fully falls under the criteria for green innovation definition. Regarding the second
part of the framework, it is a process innovation that enhances Enel’s existing capabilities in
forecasting and managing renewable energy production and consumption with machine learning
and data science tools. Furthermore, the application of Myst Al can be considered integrative since
it combines and integrates several technologies and fields of knowledge. Concerning the analysis
part, it has positive impacts on the environment, such as reducing greenhouse gas emissions and
fossil fuel consumption, as well as on society, like improving the quality of life and well-being of
customers and stakeholders. It also has economic benefits, such as reducing imbalance costs and
increasing profitability and competitiveness in the energy market. Moreover, this initiative by Enel
contributes to sustainable development and creates value for stakeholders. The performance of Myst
Al is supported by several success factors within Enel, such as absorptive capacity, skilled human
capital, environmental awareness of the management, market, law and regulation knowledge,
interfunctional collaboration with stakeholders, open innovation, and R&D investments. However,
the framework showed some gaps in the accessible information making it impossible to evaluate
whether the initiative is green through its entire life cycle and which are its negative environmental
implications. Overall, it can be concluded that the use of Myst Al by Enel is an effective green
innovation that supports Enel’s vision of a fair and sustainable energy transition. This example
positively relates to almost all the points in the framework and can be considered a prime example
of a green innovation. The sole negative trade-off of this technology, which cannot be accurately
assesses based on the accessible sources, is the fact that it might not be fully green throughout its

life cycle, as it relies on energy used by data centres.

3.3.2. Internet of Things

The Internet of Things is another widely used innovation technology with a diverse range of
applications across industries. As mentioned in the second chapter, Ali et al. (2015) define IoT is an

intelligent and and interoperable dynamic network that enables connectivity of data anywhere and
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at anytime. The power and diverse applicability of IoT has made it an extremely in-demand
technology used for “smartifying” industries. In the energy industry, it is often applied for smart

metering and smart grids, as well as energy monitoring and automation of energy usage.

A2A and Smart Technologies

A2A, a multi-utility company, has become one of the most prominent Italian energy players to put
IoT at the core of its operations and strategy. Working towards achieving Net Zero emissions by
2040 and significantly reducing them by 2030, the company follows strict guidelines elaborated
according to the circular economy commitment and self-identification as a Life company (A2A,
2020). At the beginning of 2023, the non-profit organisation CDP (Carbon Disclosure Project),
which owns a large global database on the environmental performance of different organisations,
rated A2A’s efforts in fighting climate change and ensuring water security with A-, confirming the
effectiveness of the company’s initiatives (CDP, n.d.). This proves that A2A is undertaking
successful endeavours aimed at electrification, transition to renewables and reaching 9 TWh of

electricity production from green sources by 2030.

As part of its technological innovation strategy, A2A established a separate entity called A2A Smart
City which works on creating smart and digital solutions that make cities and neighbourhoods more
liveable and support farmers in producing more sustainably by using technology to reduce pollution
and resource use. One of the pillars of the Smart City strategy of A2A is the LoRaWAN®
Ecosystem based on Semtech LoRa™ wireless RF technology, which is a network protocol which
facilitates the smartification of cities with the help of IoT and interconnectivity. The company chose
in 2016 to invest in LoORaWAN® due to its reliability, security and scalability by becoming a
member contributor of the LoRa Alliance®, a non-profit association of more than 500 member
companies that collaborate to drive the global success of the LoORaWAN standard (A2A, 2020; A2A,
n.d.).

Beyond safety and liveability, A2A Smart City solutions are conducive to improved energy
efficiency through energy, sound and environment monitoring, smart lighting, smart grid and smart
irrigation in residential areas. The so-called “smart-metering” allows the company to collect
detailed information on energy usage in households in order to offer more transparent, personalised
and, therefore, more sustainable services. All of this is supported by energy automation and
prediction to further optimise the energy usage and also reduce expenditures in A2A facilities.

These solutions have already been implemented in new smart districts in Milan, including Figino,
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Cenni, Merezzate, Moneta, Rizzoli, and Quintiliano (A2A, 2020). This benefits not only the
housing units where the technologies were installed but also the city overall, since A2A is

contributing to the creation of smart districts, like Smart District Uptown - Cascian Merlata (A2A,

2020).

In order to reinforce these endeavours, the Italian company takes advantage of the benefits coming
from innovation brokers and open innovation platforms, such as Innocentive. Nurturing and
interacting with creative minds, A2A launched the WtE Challenge, directed at optimizing waste-to-
energy plants, and the Networks & District Heating BUChallenge, targeted at creating underground

electricity substations (A2A, 2020).

The efforts undertaken by A2A demonstrate great dedication to find innovative solutions aimed at
fighting climate change, driving green energy transition and improving the livelihood of the
communities around. IoT plays an indispensable role in these endeavours.
Framework application
Smart City by A2A with LoRaWAN
Step 1. Identification - Is it a green innovation?

Criteria checklist Comments

Novelty

Knowledge and
technology
application

Environmental focus

Improved
environmental
performance

Mitigation of future
environmental risks

Support for the
transition to a
sustainable economy

It involves the application of a new and original
technology.

It involves the application of a new and original
technology, as well as know-how about [oT and energy
production.

It is aimed at supporting the energy transition within the
company’s Circular Economy strategy.

It leads to improves environmental performance
stemming from reduced energy consumption.

It mitigates the risks with the help of smart and digital
solutions for urban and agricultural sectors by reducing
emissions, pollution and resource use. Moreover,
LoRaWAN solutions reduce also the energy
consumption and carbon footprint of IoT devices
(Mohamed et al., 2022).

It is aimed at supporting the energy transition in
accordance with A2A’s environmental commitments.
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Green during the full ?
life cycle

Step 2. Categorization - What kind
of innovation is it?

Type Product
innovation

Novelty Competence-
enhancing
innovation

Impact Connective

According to A2A (n.d.), LoORaWAN green [oT
applications aim to be self-sufficient and
environmentally friendly. Despite the lack of direct
evidence, the appraisal of A2A by non-profit
organisations, such as CDP, support the credibility of the
company’s declarations.

However, it is important to take into account the
consequences of using loT technologies which heavily
rely on data centres and batteries going to landfills.

Comments

Th application of LoRaWan itself by A2A is a product
innovation that leads to new or improved products using
a novel technology. The Smart City initiative by A2A is
a product, process, organisational and business model
innovation, since it completely transforms the way the
company conducts its operations in different aspects.

It improves A2A's existing capabilities in managing
renewable energy production and consumption. It uses
an already existing concept of [oT applications and
creation of smart cities.

It is mainly a connective innovations, since it entails
creating new networks and connections among different
devices and actors using a novel technology. Moreover,
it contributes to the creation of smart cities, which
encompasses the participation of different actors.

It also has reflexive, structural and integrative
characteristics.

Step 3. Analysis - What are its potential environmental, but also social and economic

impacts?

Does the innovation initiative take into There seems to be intentionality in A2A’s strategy, aimed

account different impacts it may have
in different areas?

at supporting energy transition, cutting costs, benefitting
to the society and preventing the negative effects of
climate change and automation on the communities
involved.
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How does it impact the environment?

What are its social implications?

What economic implications does it

have?

The environmental impact of this initiative may depend
on the trade-offs between its benefits and costs and how
they are measured and balanced. According to the
company’s 2022 press release, its renewable capacity
increased by 12% from the previous year (A2A, 2023).
The application of the LoRaWan technology by A2A
results in more efficient environmental monitoring and
management in various domains.

On the other hand, it may interfere with other wireless
signals or devices, lead to electromagnetic radiation
exposure, battery disposal or recycling issues (Ansah et
al., 2020). The A2A group does not provide publicly
available information on the level of its CO2 emissions.

A2A strives to improve the quality of life, health,
education, or inclusion of people by enabling various
applications and services for smart cities.

However, it may also lead to such social risks as privacy
breaches, data misuse, cyberattacks, digital divide, social
exclusion, or ethical dilemmas of Industry 4.0.

In regards to A2A, it helps to cut the company’s costs,
improve its profitability and competitiveness in the
energy market.

On a societal level, it can support the creation of new
markets, jobs and revenues, as well as improve
productivity of industries. However, it may also lead to
market disruption and job destruction.

Step 4. Evaluation - Does it contribute to sustainable development? Does it create value for

Success factors checklist for

companies

Absorptive Capacity
& Innovation-
Oriented Learning

Skilled Human
Capital

v

stakeholders?

Comments

This use of LoRaWan and creation of Smart Cities by
A2A involves acquiring, adapting, and exploiting
external knowledge. On a larger scale, it involves
acquiring and applying knowledge to drive the green
transition. Focusing on the development of its
intellectual capital, the company works towards
enhancing its know-how in innovation and other
domains (A2A, 2020).

A2A places great emphasis on its human capital,
ensuring the prime skills and experience of its
workforce. It has developed a Digital plan designed for
improving well-being and consistently strengthening the
skills of the employees (A2A, 2020).
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Environmental v A2A’s management has put SDGs, green energy

Awareness of the transition and improvement of the overall welfare at the

Management core of its strategy. The company employs all the tools at
its disposal in order to move towards these goals.

Market, Law, and v Being one of the leading multi-utility companies, A2A
Regulation has to possess all the necessary know-how to remain
Knowledge competitive and sustainable. Its investment in human

capital further guarantees the knowledge of the market
conditions, legal frameworks, and regulatory
requirements that affect the innovation process and

outcomes.
Interfunctional v An important part of A2A’s strategy is engagement in
Collaboration with open innovation and collaboration with its stakeholders.
Stakeholders The firms actively leverages on cooperation tools to

maximise the success of its operations (A2A, 2020).

R&D Investments v A2A puts SDGs at the core of its corporate strategy,
focusing also on SDG17, which calls for developing
investments in R&D and increasing partnerships with
research centres globally. For example, it has launched
the LombHe@t R&D programme targeted at heating
technologies with ecologically low impact (A2A, 2020).

Figure 9. Framework application: Smart City by A2A

Based on the framework (Fig. 9), the use of LoRaWan by A2A is an example of an effective green
innovation that strives to contribute to the company’s green transition efforts. The framework
helped to identify, classify, analyse and assess the green innovation. Firstly, the A2A initiative does
meet the criteria for being a green innovation, as it has novelty, environmental focus, improved
environmental performance, mitigation of future environmental risks, and support for the transition
to a sustainable economy. While analysing the type of innovation, it became clear that some of the
innovations may be attributed to different categories at the same time. This particular innovation
initiative encompasses different characteristics of product, process, organisational, as we all as
connective, integrative reflexive, and structural innovation. Despite such a result, the process of
categorisation was still beneficial, since it prompted reflection on the different aspects of the
innovation that might not have been covered otherwise. Due to A2A’s intentional and consistent
endeavours towards decarbonization and sustainability overall, the overall impression of its efforts
is positive. The application of LoRaWan has potential positive impacts on the environment, society
and economy, such as reducing energy consumption and emissions, improving quality of life and

health, creating new markets and jobs, and cutting costs and improving profitability for A2A. At the
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same time, it has negative trade-offs on the environment and society, which need to be analyzed and
balanced. The innovativeness of the technology is combined with the excellent characteristics of
A2A, which leverages on absorptive capacity, skilled human capital, environmental awareness of
the management, market knowledge, interfunctional collaboration with stakeholders, and R&D
investments. Overall, the innovation by A2A possesses great potential in terms of sustainability,
however the company’s management needs to minimize the technology’s negative impacts to
guarantee the holistic success of the initiative. The main negative side of this technology, which
cannot be accurately assessed based on the accessible sources, is the fact that it might not be fully
green throughout its life cycle, as it relies on energy used by data centres and batteries that end up in

landfills.

3.3.3. Blockchain

As mentioned in Chapter 2, as a decentralized and distributed digital ledger technology that records
transactions across multiple computers, blockchain strengthens transparency, security, traceability,
data auditability, privacy, value transfer, and process efficiency and automation, for all the parties
involved. It has been another game-changer that has completely revolutionised how things are done
across various fields. The key characteristics of blockchain can contribute to the structural changes
in the current global infrastructure by ensuring visibility to alignment with SDGs for companies,
unlocking new financing infrastructures and strengthening awareness and access to new market

models (OECD, 2019).

Terna and Equigy

Terna, which is the largest independent electricity Transmission System Operator (TSO) in Europe,
plays a central role in the energy transition in Italy and Europe overall. In March 2203, the company
pledged to invest over 21 bin euros in the next ten years in the acceleration of the energy transition
and the reduction of dependence on foreign suppliers (Terna, 2023). As a part of its ecological
strategy, in 2020, the company launched a joint venture initiative, alongside the German, Dutch,
Swiss and Austrian TSOs, called Equigy. Its objective consisted in using the developed blockchain
platform for trusted data exchange. The new crowd balancing platform (CBP) would provide access
to new sources of electricity from consumer-based devices, such as home batteries and electric
vehicles (Terna, n.d.). This would empower and transform consumers into “prosumers”, since even

they would be able to play an active role in balancing the grid and contribute to ecological
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transition. This would accelerate the integration of renewables into the electricity system by
providing safety, flexibility and balance. Equigy operates with a set of smart contracts that define

rules and provide traceability.

From TSOs’ perspective, Equigy provides them with flexibility, since they can utilize small-scale
devices to balance supply and demand fluctuations caused by renewables energy sources. It leaks
incentives operators to collaborate to share flexibility resources across Europe. In regards to
aggregators, Equigy gives them access to a unified point of entry to participate in grid services and,
therefore, cuts transaction costs and mitigates uncertainties with blockchain. Finally, it allows
device owners to leverage their flexibility potential and monetise on it. By doing so, they can

contribute to the energy transition by supporting renewable energy integration and decarbonization
(Equigy, n.d.).
The efforts by Terna demonstrate how blockchain provides an opportunity for innovation and

experimentation in the energy sector, leading to more decentralised, digitalised and decarbonises

practices in energy production and consumption.

Framework application
Equigy by Terna with Blockchain

Step 1. Identification - Is it a green innovation?

Criteria checklist Comments
Novelty 4 It involves the application of a new and original
technology.
Knowledge and v It involves the application of a new and original
technology technology, as well as know-how about blockchain and
application energy production.
Environmental focus v It is aimed at supporting the energy transition among
TSOs.
Improved v It leads to improved environmental performance through
environmental improved electrical storage and demand side response
performance (DSR).
Mitigation of future 4 By enabling the integration of renewables and electric
environmental risks vehicles into the electricity system, Equigy contributes

to the reduction of fossil fuel dependance, GHG
emissions and overall decarbonization.

Support for the v It contributes to the green economy model by enhancing
transition to a flexibility potentials and leading to decarbonization.
sustainable economy
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Green during the full ?
life cycle

Step 2. Categorization - What kind
of innovation is it?

Type Process and
business
model
innovation

Novelty Competence-
enhancing and
competence-
destroying

Impact Connective
and integrative

Even though Equigy enables the integration of
renewable energy sources and reduces GHG emissions,
it relies on blockchain technology, which consumes large
amounts of electricity and generates CO2 emissions
based on the sources. Depending on how these setbacks
are taken into account and weighted, the technology can
be either successful or defeat its own purpose.

Comments

As a process innovation, it involves the implementation
of new and improved practices aimed at better
environmental performance. It improves the efficiency
and quality of the flexibility market.

As a business model innovation, Equigy creates a new
value proposition for TSOs, aggregators and device
owners. It reconfigures the market by introducing new
actors, such as prosumers and aggregators. It also
integrates smart contracts as a mechanism for
conducting operations.

It is competence-enhancing for the grid and system
operators, because it builds on their existing knowledge
and skills.

Equigy is also a competence-destroying innovation for
the conventional flexibility providers, such as large-scale
power plants or storage facilities, because it renders their
existing knowledge and skills obsolete.

It is an example of connective innovation since it
enables new connections or interactions among grid and
system operators, aggregators and device owners, who
can exchange data and transactions using blockchain
technology. It also enables interconnection between
TSOs across different countries.

Equigy is also integrative because combines blockchain
technology with smart meters, smart chargers,
aggregation platforms, TSO systems and different
devices to provide flexibility services.

Step 3. Analysis - What are its potential environmental, but also social and economic

impacts?
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Does the innovation initiative take into = Terna actively monitors the implications that Equity may

account different impacts it may have  have on the electricity system and the society (Terna,

in different areas? n.d.). The company has collaborated with TSOs across
Europe to optimize and decarbonise electricity
generation.
However, it may not have a systematic approach to
assess the different environmental, economic, social or
ethical impacts Equigy may have.

How does it impact the environment?  The environmental impact of this initiative may depend
on the trade-offs between its benefits and costs and how
they are measured and balanced. On one hand, Equigy
enables the integration of renewable energy sources and
electric vehicles into the electricity system leading to
decarbonization.

On the other hand, the platform relies on blockchain,
hence consuming electricity and generating GHG
emissions.

There is no sufficient information on this topic from
Terna’s part, however the company has repeatedly
pleaded to minimize its environmental impacts by using
green electricity and conducting environmental impact
assessments.

What are its social implications? Equigy empowers the society by enabling aggregators
and prosumers to participate in the flexibility market and
benefit from it. It also leads to innovative collaboration
among TSOs across borders.

However, it may create social inequality by favouring
certain regions or countries that have access to cheap
electricity or advanced technology. There are also
security and data privacy risks linked to blockchain

technology.
What economic implications does it Equigy creates value for the economy by creating new
have? sources of revenue for aggregators and prosumers. It

also reduces costs for TSOs and stimulates investments
in the energy sector.

However, it may create competition or render obsolete
conventional flexibility providers.

Step 4. Evaluation - Does it contribute to sustainable development? Does it create value for
stakeholders?

Success factors checklist for Comments
companies
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Absorptive Capacity
& Innovation-
Oriented Learning

Skilled Human
Capital

Environmental
Awareness of the
Management

Market, Law, and
Regulation
Knowledge

Interfunctional
Collaboration with
Stakeholders

R&D Investments

The company demonstrates innovation-oriented learning
capacities based on its investments in R&D,
collaborations with other stakeholders, and use of
external and internal knowledge to drive innovation.

Terna highlights the importance of skilled and
empowered human capital to promote the transition to a
carbon-free energy and economic system. It has
launched a cultural transformation project called
NexTerna which trains the company’s employees for
new ways of working (Terna, n.d.).

As an energy provider, Terna puts sustainability at the
centre of its values. It is committed to staking the perfect
balance between consumer energy needs and the
responsibility to protect the environment (Terna, n.d.).

Being the largest electricity transmission operator
requires unique knowledge and capabilities to remain
competitive and sustainable. Its investment in human
capital further guarantees the knowledge of the market
conditions, legal frameworks, and regulatory
requirements that affect the innovation process and
outcomes.

Terna sees inter functional collaboration and stakeholder
engagement as one of the keys to reaching its corporate
goals. The main principles of Equigy only reinforce this
commitment.

Terna places great emphasis on its intellectual capital,
development of new patents and innovation. In 2021, the
company launched 69 projects and filed 8patent
applications linked to robotics, digital technologies and
VR (Terna, n.d.).

Figure 10. Framework application: Equigy by Terna

Based on the analysis using the framework (Fig. 10), Equigy is an excellent example of how Italian
energy companies can use innovation technologies to accelerate energy transition. The framework
provided a comprehensive and systematic approach to identify, classify, analyze and assess this
green innovation by Terna. Firstly, Equigy by Terna meets the majority of criteria for an initiative to
be called green innovation based on its novelty, knowledge and technology application,
environmental focus, improved environmental performance, mitigation of future environmental
risks, support for the transition to a sustainable economy and greenness during the full life cycle.

Even though the last point is dubious due to the use of blockchain technology, Terna might have
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taken it into account using renewables in its operations. Despite not being able to answer the life
cycle question definitively, the framework successfully raises the concern and urges to reflect on it.
As for categorisation, the framework helped to classify Equigy as a process and business model
innovation that is both competence-enhancing and competence-destroying depending on the
perspective. Moreover, it is a great examples of connective and integrative innovation. The next
section of the framework helped to analzye the potential environmental, social and economic
impacts by asking questions about how it affects different areas and stakeholders. Overall, the
implications of this green innovation can be considered positive, as long as the company takes into
account the potential negative effects and minimises them. Finally, the successful performance of
Equigy is supported by Terna’s proclivity to innovation-oriented learning, skilled human capital,
environmental awareness of the management, market and regulatory knowledge, interfunctional
collaboration with stakeholders, and R&D investments. Overall, Equigy as a green innovation
undoubtedly contributes to the green transition goals set by Terna. The main negative side of this
technology, which cannot be accurately assessed based on the accessible sources, is the fact that it

might not be fully green throughout its life cycle, as it relies on energy used by blockchain.

3.3.4. Cloud computing and Big Data

With the massive amount of data with great volume, velocity and variety produced in organisations,
cloud computing is an essential tool that provides infrastructure and platform for Big Data analytics.
Cloud computing and Big Data can be used for a wide variety of environmental purposes, including
climate change monitoring, biodiversity assessment, resource optimisation, among many others
(Sebestyén et al., 2023). Cloud services provide scalability, flexibility, and cost-efficiency to the

operations (Carvalho et al., 2019).

Eni and Open-Es Platform

Eni, one of the largest oil and gas companies in Europe, is another key player in the green energy
transition in Italy. The company has committed itself to supporting a just and inclusive energy
transition that creates long-term value and guarantees accessible and clean energy for everyone. Its
strategy is based on the pillars of long-tern carbon neutrality, operational excellence and the
creation for local development (Eni, n.d.). In 2020, Eni in collaboration with the Boston Consulting
Group and Google Cloud announced the creation of Open-es — a new open digital platform that

allows companies to calculate their sustainability performance based on certain metrics and give
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different stakeholders, including customers and financial institutions, the opportunity to gain access
to that data. The platform will also enable companies to compare theirs results with competitors and
receive personalised plans for the improvement of their ESG performance. Open-es has over 3000
companies from all over the world across different sectors. It is available for all companies in the

energy sector and industrial supply chain focused on driving the green transition.

Eni sees Open-es as a practical tool for companies that wish to improve their sustainability
performance but do not possess the relevant tools to measure performance and progress along the
entire chain. Due to tremendous volumes of data required for the measurements, Eni collaborated
with Google Cloud, which contributed to the project with its know-how in cloud computing, Big
Data analytics and Al. These innovation technologies provide a secure and scalable platform that
can manage large amounts of data and enable advanced analytics and insights. Through this open
and collaborative space, Eni supports a fair and sustainable energy transition by fostering

transparency, innovation and value creation.

Framework application
Open-es by Eni with Cloud computing and Big Data

Step 1. Identification - Is it a green innovation?

Criteria checklist Comments
Novelty 4 It involves the application of a new and original
technology.
Knowledge and v It involves the application of a new and original
technology technology, as well as Google Cloud’s know-how about
application cloud computing, Big Data analytics and Al.
Environmental focus v It is aimed at supporting the energy transition in the

energy and supply chain industry.

Improved v It leads to improved environmental performance through
environmental transparency, data analytics, learning and planning.
performance

Mitigation of future v By providing companies with a platform to measure
environmental risks performance and progress along the entire chain, the

innovation contributes to better environmental outcomes.
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Support for the
transition to a
sustainable economy

Green during the full
life cycle

Step 2. Categorization - What kind
of innovation is it?

Type

Novelty

Process,
business
model and
organizational
innovation

Competence-
enhancing

It contributes to the green energy transition by
facilitating the exchange of knowledge and best
practices among different actors in the energy sector. It
can help companies to identify problems and develop
solution to cut GHG emissions, increase efficiency, and
enhance social and environmental responsibility.

Open-es also aims to support the life cycle assessment of
the energy solutions that are shared and implemented
through the platform. However, it uses cloud computing
which consumes large amount of electricity in data
centers. Depending on how this setback is taken into
account and weighted, the technology can be either
successful or defeat its own purpose.

Comments

Open-es can be considered a combination of different
innovation types. Open-es is a process innovation since
it proposes a new way of working and learning that
leverages cloud computing, big data, and artificial
intelligence to enhance efficiency and effectiveness in
the energy transition.

As a business model, Open-es is a new form of value
creation and capture that relies on openness,
transparency, and co-creation among different actors in
the energy sector.

It can also considered organizational innovation since it
is a new network of partnerships and alliances that
fosters a culture of innovation and sustainability in the
energy sector.

It is competence-enhancing innovation since its main
purpose is to improve the environmental practices within
companies.
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Impact Reflexive,
connective,
integrative

Open-es is a prime example of reflexive innovation,
since it enables the users and partners to reflect on their
own practices and performance and learn from others’
experiences and feedback.

It is also a connective innovation — it succeeds in
connecting different actors in the energy sector and
facilitates the exchange of data and information among
them.

As an integrative innovation, Open-es integrates
different types of data and information from various
sources and provides a holistic view of the energy
sector.

It could even partly be considered structural, since it also
changes the structure and dynamics of the energy sector
by creating new relationships among actors and
influencing their behaviour and decisions.

Step 3. Analysis - What are its potential environmental, but also social and economic

impacts?

Does the innovation initiative take into By adopting a stakeholder engagement approach, Eni

account different impacts it may have
in different areas?

How does it impact the environment?

has proven to be attentive to different aspects of its
activities. Open-es involves listening to and dialoguing
with the local communities and authorities,
understanding their expectations and concerns, and
addressing them in a transparent and responsible way.

Open-es aims to improve the ESG performance of the
industrial and financial system by creating a synergy
between sustainable transition and digital
transformation. Moreover, it enables the members to
exchange sustainability metrics with their stakeholders
and get feedback on it. As an example of open
innovation aimed at green practices, Open-es has great
potential to impact positively the environment by
improving the companies’ practices.

However, there is no available information on the direct
effects of the platform. Moreover, even though the use of
cloud computing and Big Data is central to the
feasibility of the platform, these technologies consume a
lot of energy.
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What are its social implications?

What economic implications does it

have?

Promoting the sustainable development, Open-es relies
on four pillars, i.e. planet, people, prosperity, and
principles of corporate governance (Open-es, n.d.). The
platform pledges to uphold human rights, people’s health
and safety, proving decent working conditions and equal
pay.

By doing so, the platform has created new jobs and
improved the standards of life. Moreover, it spreads
awareness about the sustainable values and practices.

The platform fosters growth in the business ecosystem
while simultaneously ensuring that it is sustainable. It
helps the companies to reduce costs, increase
productivity and optimize investments and assets.

Step 4. Evaluation - Does it contribute to sustainable development? Does it create value for

Success factors checklist for

companies

Absorptive Capacity
& Innovation-
Oriented Learning

Skilled Human
Capital

Environmental
Awareness of the
Management

v

stakeholders?

Comments

The company demonstrates these capacities, since Open-
es enables Eni and other firms to access and acquire
external knowledge, assimilate and integrate it, and then
apply and leverage it for the sake of sustainability and
economic prosperity.

Eni and Open-es possess a diverse and empowered
workforce that is provided with triaging and nurtured by
the culture of innovation (Eni, n.d.). Being one of the
largest companies in the energy industry, it is crucial to.
Have a skilled human capital to stay afloat.

According to the company’s website and several
declarations, Eni is aware of the importance of
mitigating the environmental impact, especially as a part
of the Big Oil. It has a long-term strategy towards
carbon neutrality by 2050 (Eni, n.d.).

However, being a fossil fuel company entails significant
hardships and investments to truly become sustainable.
Eni’s GHG emissions decreased solely by 8% in 2022 in
comparison with 2021 owing to the decline in gas sales
(Eni, n.d.).
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Market, Law, and v Being one of the largest energy companies in Europe

Regulation requires knowledge and capabilities to remain

Knowledge competitive and sustainable. Eni uses the Internal
Control and Risk Management System (ICRMS) to
control risks through effective management. The
company possesses appropriate legal, international trade,
business and market knowledge (Eni, n.d.).
Moreover, by collaborating and exchanging knowledge
with different companies through Open-es, it further
strengthens its position.

Interfunctional v Eni understands the importance of collaboration with
Collaboration with stakeholders and open innovation to succeed. The
Stakeholders company has collaborated with Google Cloud and BCG

to combine their knowledge and capabilities and set up a
successful open and collaborative platform.

R&D Investments 4 Eni sees R&D as the cornerstone for driving innovation
and clean energy transition. Within the Eni ecosystem,
there are R&D engineers, New Materials Researchers
and other roles. The firm constantly invests in trainings
and improving the facilities to be the best in the sector
(Eni, n.d.).

Figure 11. Framework application: Open-es by Eni

Relying on the analysis using the framework (Fig. 11), Equigy is an excellent example of how
Italian energy companies can use innovation technologies to accelerate energy transition. The
framework provided a comprehensive and systematic approach to identify, classify, analyze and
assess this green innovation by Terna. First of all, Open-es with the use of cloud commuting, Big
Data and Al aligns with the criteria for green innovation definition. However, in order to guarantee
that it is fully green across its life cycle an additional evaluation would be required using metrics
and internal data from the company. Moving on to classification, Open-es can be considered
process, business model and organizational innovation, as it not only creates a new way of working
using cloud computing, but also presents a new opportunity for value creation and capture through
organizational alliances and collaborations. It is a competence-enhancing platform that is also a
great example of a reflexive innovation that drives improvement through reflections on current
practices. Moreover, it can be considered connective and integrative, since it facilitates knowledge
transfer between different actors in the energy industry and also integrates different technologies,
data and practices. The next section of the framework helped to analzye the potential
environmental, social and economic impacts of Open-es. Based on these queries, the framework

showed that Open-es has a mainly positive effect on different aspects. However, as a fossil fuel
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company, it has to take more proactive actions to significantly reduce its environmental and social
impact. Due to the alignment with all the success factors presented in the framework, Eni provides a
solid basis for its innovation initiatives to reach their goals. It possesses the required absorptive
capacity and innovation-oriented learning, skilled human capital, environmental awareness of the
management, market and regulatory knowledge, and also invests in interfunctional collaboration
with stakeholders and R&D. Overall, the framework showed that Open-es is a practical tool that
fosters transparency, innovation and value creation for the energy industry on the way to

sustainability.

4. Discussion

In this section, I will discuss the key findings from Section 3, where I applied the framework for
identifying, classifying, analyzing and assessing green innovation initiatives in the Italian energy
sector. The main purpose of this study is to analyze how Italian energy companies use innovation
technologies to drive the green energy transition and to identify the best strategies based on that.
The application of the previously developed framework provided a holistic review of some of the
ongoing initiatives in the industry. The elaborated structure allowed to look at the innovations from
different points of view and evaluate them accordingly. I will first discuss the strengths and gaps of
the elaborated framework, and then proceed with the analysis of the key takeaways from the review

of the four innovation practices by Enel, A2A, Terna and Eni.

In regards to the developed framework, there are several points that need to be highlighted. Overall,
the framework was designed to be comprehensive and systematic. It covers a range of green
innovation-related dimensions, including definition, category, impact, and success factors.
Additionally, it offers precise criteria for every stage, as well as comments and questions that assist
the analysis. The framework is of great value for determining each innovation practice's advantages
and disadvantages, as well as potential trade-offs and difficulties. Following each step of the
framework can help to raise important questions and draw attention to crucial aspects in the
development of innovation technology initiatives that might be lacking. The framework itself is
flexible and adaptable to different types of innovation technologies, and it is coherent in its structure
and logic. Being based on relevant literature and sources that provide theoretical and empirical
foundations, it can be a useful tool for developing the initial strategies for innovation projects for
the corporate management. It is also of great use for researchers attempting to identify and analyze

certain innovations, since it accumulates different relevant theories and studies by other scholars.
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However, the application of the framework helped to identify several limitations and areas of
improvement that could be tapped into in future research. First of all, the framework might not
capture all the complexity and diversity of green innovation practices in the real world. For
example, some innovations may not fit neatly into one type or category, as seen in the previous
sections. Moreover, it may not account for the dynamic and evolving nature of green innovation
practices, since some innovations may change their novelty, impact, or performance as they mature
or interact with other factors in the environment. The application of the framework also
demonstrated that it must be accompanied by another methodology to calculate the difference
between the level of emissions before and after the implementation with internal and independent

data to have precise metrics that show the contribution to energy transition.

To bridge these gaps, the textual analysis could be complemented by interviews, surveys,
observations, or experiments to gain more insights and evidence on how different companies use
innovation technologies for sustainability. The analysis based on the developed framework would
be most successful with the involvement and consultation of different stakeholders. For example,
one could solicit feedback from customers, employees, partners, regulators, or experts on how they

perceive or value certain aspects of green innovation practices.

Apropos of the innovation practices analysed in Chapter 3, there are several discoveries and insights
gained through the framework application. All of the cases, including Myst Al by Enel, Smart City
by A2A, Equigy by Terna, and Open-es by Eni, fall under the definition of green innovations. All of
them possess such characteristics as novelty, knowledge and technology application, environmental
focus, improved environmental performance, mitigation of future environmental risks, and support
for the transition to a sustainable economy. As for the “green during the full life cycle” criteria, the
analysis showed that the framework could only assume that it is true, since the answer requires data

and insights from the companies, which is not available through open sources.

The categories of GIs adopted by Italian energy companies are manifold and diverse. They range
from product and process to business model and organizational innovations, from connective and
integrative to reflexive and structural, depending on their goals and needs. In the cases reviewed in
the previous chapter, companies use mostly competence-enhancing green innovations, which
improve their existing capabilities and skills in the energy sector. However, some of their
innovations may also be competence-destroying for other actors in the market, such as conventional
flexibility providers in the case of Terna. Incremental nature of most of the GIs can be explained

with the help of Schumpeterian theory (1962). All of the reviewed companies are incumbent firms
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and, therefore, can be too bulky and risk-averse to introduce radical changes that render some
practices obsolete. Enel, Eni, A2A and Terna developed their GI practices based on already existing
technologies from third parties, which may have initially been competence-destroying on their own.
Furthermore, all of the companies’ GI initiatives fall under two or more categories at the same time
in terms of being connective, reflexive, integrative, or structural. The reviewed Italian energy
companies use mainly connective innovations, which create new networks and interactions among
different devices and actors using novel technologies, and integrative innovations, which combine
and integrate several technologies and fields of knowledge. Some of their innovations may also
have reflexive or structural characteristics. All four cases fall under different and multiple
categories, which demonstrates that any category of innovation can be beneficial to the
environmental goals, as long as its main goal is to contribute positively to the world. It shows how
diverse green innovations can be and the endless room for creativity for all the actors willing to tap

into them.

The analysis demonstrated that the majority of large energy companies in Italy have utilized
Industry 4.0. technologies to accelerate the green transition. They consider innovation technologies
to be a fundamental tool in improving their operations, and all the reviewed companies, including
Enel, Eni, A2A and Terna, have incorporated innovation practices into their corporate strategy and
investment plans. Green innovations proved to be one of the constituting pillars for all those
companies in their longterm plans. This is explained by the fact that energy companies account for
more than two-thirds of global GHG emissions (IEA, 2022), and are therefore being heavily
scrutinised and pressured by the stakeholders to decarbonize. They are aware of the importance of
sustainability and the energy transition for their business and society, and align their strategies with
the SDGs and the Circular Economy principles. While developing the green innovation strategies,
the four analyzed companies have taken into account the impacts of their actions on different
dimensions. Not only do they strive to reap financial and economic rewards, but also endeavour to
contribute to SDGs and mitigating and preventing climate change, while simultaneously benefitting

the society by improving quality of life, health, education, or inclusion of people.

The analysis helped to establish that all of the innovation practices have become possible through
different forms of cooperation between the energy companies and third parties, such as startups
(Myst Al), joint ventures (Equigy), memberships in non-profit associations (LoRa Alliance), and
open collaboration platforms (Open-es). This finding reiterates the point made in the literature

review by Navarro (2002) about the success of “make”, “buy” and “cooperate” strategies, as well as
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by Chesbrough (2003) regarding open innovation. All of these firms have come up with effective
and unique innovative solutions because they collaborated with third parties. This point is also
directly linked to the the absorptive capacity and innovation-oriented learning: companies that are
capable of interacting with the outer world, acquiring relevant knowledge and then adapting and
utilizing it in order to be more innovative, are more likely to develop successful green innovation
solutions. All of the analyzed companies demonstrated such capabilities through the nature of their
initiatives and their corporate strategies. These practices are underpinned by a skilled human capital
which is actively trained and given opportunities for leaning and development. Moreover, Enel, Eni,
Terna and A2A actively invest in R&D often targeted at finding innovative solutions for
environmental challenges, helping to enhance their capabilities and competitiveness in the green
innovation domain. Grounded on these lessons, the most valuable recommendations are to seek
collaboration and partnership with other actors to create synergies and co-create value; to foster a
culture of innovation and sustainability within the organization and empower employees; to actively
communicate and promote the benefits and value of green innovations to investors, customers,
regulators, or society in general. Openness and cooperation can strengthen the initiatives, mitigate

any risk and guarantee the success for anti-climate change initiatives.

The analysis of the four cases also showed that the respective Italian energy companies face some
challenges and trade-offs in adopting green innovations. Apart from balancing the environmental
benefits and costs of innovation technologies, they face with challenges in ensuring data security
and privacy, and addressing social and ethical issues of Industry 4.0. Based on this, several key
points are to be made. Firstly, it is urgent for companies engaging with digitalization technologies to
implement robust data security and privacy measures, i.e. encryption, access control, authentication,
in order to protect the generated data. Moreover, all over the analyzed organizations pledged to
promote social welfare, however more concrete actions should be taken and make transparent to
prevent the negative social and ethical implications of the Industry 4.0. Therefore, companies
should plead to address such issues as job displacement, digital divide, human-machine interaction,
and social responsibility, by engaging with stakeholders, providing training and education, ensuring
inclusivity and diversity, and adhering to ethical principles. All of this should be transparent and put
as a top priority.

One of the most significant limitations of this analysis is linked to the fact that it relies on secondary

data and information, which may not be accurate, complete, or up-to-date. It may also be biased or

influenced by the sources’ perspectives and interests, since a lot of the information about the
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initiates was covered in companies’ reports which can sometimes exaggerate the organizations’
feats. More information and statistics about the innovations’ real performance, outcomes, and
impacts in many dimensions are therefore needed in order to make more definitive and fact-based
judgements on their success. As the framework showed, it is crucial to measure the carbon footprint
of the companies before and after implementing the green innovation practices in order to clearly
assess their contribution to the energy transition. Companies can adopt a life cycle perspective and
assess the environmental benefits and costs of innovation technologies at every stage, from design
and production to use and disposal. Making this data accessible to the public would not only restore
and straighten the trust of the stakeholders, but also motivate the company to improve its practices
in terms of their environmental impacts. It could also give the company access to feedback and
recommendations from different stakeholders. Initially open access to such metrics will enhance the
viability of any initiative, increase its value for stakeholders and, most importantly, guarantee more

effective decarbonization.

Moreover, important stakeholders should take part by defining and agreeing upon certain standards
or metrics for gauging the effectiveness of the innovation. Otherwise, it might not be feasible to
clearly and transparently quantify or illustrate the companies’ actual contribution to sustainable
development or value generation for stakeholders. It would be of great use to compare or
benchmark the green innovations with other alternatives or competitors in the market, which could
provide a more objective and relative assessment of their performance and value. For example, the
analysis could be more complete with some cases of GI initiatives from SMEs and startups. These
recommendations can significantly decrease the risks and uncertainties coming from the market,

competitors or stakeholder dissatisfaction.
S. Conclusion

The energy sector, which is one of the main culprits contributing to climate change, can become the
answer to this urgent global issue by undertaking effective and timely action to accelerate the
energy transition. While an increasing number of oil and gas or multi-utility companies are
recognizing the imperativeness of such initiatives and searching for creative ways of achieving net
zero goals, innovation technologies are becoming the vital part of any corporate strategy. Artificial
intelligence, Internet of Things, cloud computing and blockchain all have the ability to help tackle
climate change without sacrificing economic growth, and Italian companies, like Enel, A2A, Terna

and Eni, are actively investing in them.
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This study has aimed to examine the ways in which innovation technologies are used by Italian
energy companies to facilitate the green energy transition and to determine strategies that could

guarantee their success. In order to accomplish this, the study set the following objectives:

1. Thave reviewed the literature on how to define, classify, analyze and assess innovations in
general and green innovations in order to develop a comprehensive framework for the research.

2. Based on the literature review, I have proposed a framework to identify, classify and assess
green innovations that will be applicable to the energy industry in Italy.

3. Thave introduced and reviewed the energy industry in Italy, explaining its relevance, and the
Italian energy companies’ efforts to adopt and create innovation technologies aimed at helping
them to cut emissions and switch to renewable resources.

4. Finally, I have applied the elaborated framework to the energy industry in Italy to assess the
companies’ green innovation initiatives and then discuss the key findings from applying the

green innovations framework.

A comprehensive assessment of some of the current initiatives in the sector allowed to put theory to
practice and to identify the most common and effective green innovation strategies adopted by
Italian energy companies. Apart from assessing them, the framework also provided a methodology
for the GI’s definition, categorization and analysis. The in-depth review facilitated the identification

of several gaps and limitations providing a better basis for recommendations.

One of the key takeaways both from the literature and the analysis is the utmost importance of
collaborations, partnerships with other actors and stakeholder engagement to create synergies and
co-create value. These points brought up in the literature review, reappeared with a stronger force in
the case studies. All of the innovation practices would have been impossible without different forms
of cooperation between the energy companies and third parties, such as startups (Myst Al), joint
ventures (Equigy), memberships in non-profit associations (LoRa Alliance), and open collaboration
platforms (Open-es). Therefore, firms undertaking GI initiatives should actively collaborate and
engage with other actors to create synergies and co-create value and also foster a culture of
innovation and sustainability within the organization by training and empowering employees. These

key takeaways will ensure the success of any innovation strategy.

Keeping in mind the Triple Bottom Line theory and the importance of a holistic approach in
developing green innovation strategies, energy companies should strive to promote social welfare

and safety. Therefore, GI strategies need to be accompanied by ways to ensure strong data security
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and privacy measures, address such challenges as job loss, digital gap, human-machine interaction,
and social responsibility, by engaging with stakeholders, providing training and education, ensuring

inclusivity and diversity, and following ethical principles.

Innovations cannot be considered green if they do not fulfil their core goal — contribution to reduce
environmental damage and use natural resources efficiently. As the framework has shown, in order
to accurately assess a company's contribution to the energy transition, it is essential to analyze its
carbon footprint both before and after adopting green innovation methods. Therefore, businesses
may take a life cycle approach and weigh the environmental advantages and drawbacks of emerging
technology at every step. Making this information available to the general public will not only help
the corporations win back the stakeholders' trust but also encourage it to change its practices to have
less of an impact on the environment. Additionally, it could provide the business with access to
suggestions and criticism from various stakeholders. The transparency about the GIs’ environmental
performance will strengthen any initiative's feasibility, boost its value for stakeholders, and, finally,
ensure the fulfilment of the SDGs. This could be taken a step further by engaging stakeholders in
standard or metrics definition and benchmarking the initiatives against competitors to provide a

more objectively positive outcome.

In conclusion, this study on green innovation technologies in the Italian energy sector has
highlighted the key factors and challenges for creating and putting into practice green innovation
strategies in the energy sector in Italy. It has demonstrated that guaranteeing the success and
sustainability of green innovation initiatives requires a number of different factors, including
cooperation, stakeholder participation, a holistic approach encompassing ecological, social and
economic dimensions, and environmental performance evaluation. It has also provided some
recommendations and suggestions for future research in this field. The study hopes to contribute to
the advancement of green innovation knowledge and practice, as well as to inspire more energy
companies to adopt innovation technologies that can help tackle climate change and promote

sustainable development.
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Thesis Summary
1. Introduction

The energy sector is the problem and the solution to the current climate crisis, accounting for more
than two-thirds of global greenhouse gas (GHG) emissions (International energy agency, 2022).
Innovation technologies are increasingly considered to be the key to climate action due to their
ability to effectively accelerate the green energy transition in any industry, and need to be a crucial
part of any corporate strategy. Italian energy companies, including Enel, Eni, A2A and Terna, have
all played a significant role in driving and pioneering green innovation strategies globally. With
abundant renewable energy investments and advance innovation initiatives, these companies have

the potential to revolutionize the energy industry.

In this light, this thesis aims to identify, classify, analyze and assess innovation technology
initiatives by Italian energy companies in order to determine strategies that could guarantee the
success of similar practices. In order to answer the research question, in the second section of the
thesis, I first review the literature on how to define, classify, analyze and assess innovations in
general and green innovations particular in order to develop a comprehensive framework for the
research. Based on the literature review, I propose the framework that will be applicable to the
energy industry in Italy. In the third section, I proceed to introduce and review the energy industry
in Italy, explaining its relevance, and then analyze the Italian energy companies’ efforts to adopt and
create innovation technologies aimed at helping them to cut emissions and switch to renewable
resources. In the fourth section, I apply the elaborated framework to the energy industry in Italy to
assess the companies’ efforts and then, in section five of the thesis, I discuss the key findings from
applying the green innovations framework.

2. Literature review

In the literature review, I conduct a systematic analysis of the most relevant academic literature
seeking on green innovations (GIs) and innovations in general. Through this study, I intend to
identify and review the relevant theories and frameworks that may be used to define, classify,
analyze and assess the innovation adoption initiatives for environmental purposes in the Italian
energy companies. The results of the analysis should provide a comprehensive understanding of the
notions, characteristics and criteria around GIs used in research. Based on this, I suggest a
framework that can be utilized to identify, categorize, analyze and evaluate the green innovation

efforts undertaken by Italian energy companies.
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2.1. Literature on innovation and green innovation
2.1.1. Industry 4.0. and sustainable innovation

In this section, I review the notions of Industry 4.0 key to the study and its relation to sustainable
development goals. I identify some of the most popular innovation technologies that can be later

used while choosing the specific company cases.

Industry 4.0 is a key concept to the study and its relation to sustainable development goals. The
term coined by Klaus Schwab (2017) refers to a number of cutting-edge industrial innovations,
including sensor networks, the Internet of Things (IoT), robotics, Big Data, cloud manufacturing,
artificial intelligence and augmented reality (AR). These technologies are increasingly being used in
the energy sector, with companies signing new deals and registering more patents related to them in

order to accelerate the green transition without compromising the economic growth.

The section summarizes some of the most common types of innovation technologies used for
environmental purposes, such as artificial intelligence, blockchain, 10T, and robotics, and gives
examples of how they are applied in different fields and industries. It also provides an overview of
how Industry 4.0 can contribute to achieving SDGs and creating a sustainable production system.
2.1.2. Identification of green innovation

In this section I attempt to analyze relevant literature to determine the key characteristics of green

innovations, which can later be used for the construction of the theoretical framework.

Green innovations or eco-innovations refer to the development of environmentally conscious
products or processes that incorporate new or updated technologies aimed at conserving energy,
preventing pollution, or managing the natural environment (Awan, 2020), hence helping companies
to reach net zero goals. Based on the analysis of different studies provided in this section, the key
elements of green innovation are (1) novelty, (2) environmental focus, (3) mitigation of future
environmental risks, (4) improved environmental performance, (5) support for the transition to a
sustainable economy, (6) knowledge and technology application, and (7) green during the full life
cycle. Schiederig et al. (2012) also add that the intention can be motivated not only by ecological
impulses but also economical, including the need to be competitive on the market and satisfy the

demand.
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The key takeaways from this section include the definition of key characteristics of green
innovations and how they can create value for society and address environmental challenges based
on the reviewed literature.

2.1.3. Typology of innovation and green innovation

In this subsection, I explore different typologies of innovation and how they can be applied to the
context of sustainability and the environment. Innovations can take different forms and have been
increasingly branching out into new types with the innovation technology boom. Defining a
typology framework can be an important step in classifying and assessing innovation as it provides
a systematic and structured way to categorize and understand different types of innovations in the
context of sustainability and the environment. It facilitates comparative analysis among different

types of green innovations and enables the identification of patterns and trends.

Based on the review of pertinent literature, this section defines four types of innovation based on
their characteristics: connective, structural, reflexive, and integrative — apart from product,
process, business model and organizational innovation types. It also describes two types of
innovation based on their novelty: competence-enhancing and competence-destroying. By
combining different dimensions of innovation, the section manages to build the basis for a more
comprehensive typology framework.

2.2. Literature on business innovation

In the following section I discuss how innovation can drive social and environmental change, as
well as economic growth, and review some of the foundational theories of innovation through
different theories. I start with the early theories of innovation, such as Schumpeter’s theory of
creative destruction and entrepreneurship, and their limitations in addressing the societal and
environmental impacts of innovation. I also review more complete and holistic theories to define
the key internal capabilities that scholars consider important for driving innovation.

2.2.1. Schumpeterian theory

The Schumpeterian theory provides a general understanding of entrepreneurial processes aimed at
generating new ideas (Schumpeter, 1942; 1991). Joseph Schumpeter explored how innovative
businesses ignite creative and disruptive processes that challenge capitalistic notions. He defines

innovation as "new combinations" of changes that disturb the existing equilibrium in the economic
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system. He mainly focuses on the economic implications of innovation, but does not place a strong

emphasis on impacts beyond just economic growth.

While providing a good framework for a generalized assessment of innovations, Schumpeter’s
works are not as applicable for green innovations due to the lack of a more holistic approach.
However, despite some limitations, the Schumpeterian theory makes an important point — it
suggests that the success of innovations often depends on certain internal capabilities of a company,
specifically the risk-taking propensity.

2.2.2. Internal capabilities of innovative firms

Firms are in need of dynamic capabilities that integrate different resources for effective adaptation
in the ever-changing business environment (Teece et al., 1997). These capabilities, among others,
are especially important for effective green innovations, which are multi-dimensional and more

complex.

Based on the analysis, this section establishes that while specific capabilities may vary depending
on the context, some key internal capabilities for firms to develop and adopt green innovations
include technological and R&D capabilities, visionary leadership, organizational learning, age, and
business strategy focused on sustainability.

2.3. Literature on sustainability and green innovation

In this section, I review some of the literature on sustainability and green innovation, focusing on
two main perspectives: the Triple Bottom Line theory and the collaboration with stakeholders with
open innovation and Triple Helix models. I aim to define what are the key characteristics that
scholars find crucial for innovation and sustainability practices.

2.3.1. Triple Bottom Line Theory

The Triple Bottom Line theory by Elkington (1997) suggests using the economic, social, and
environmental elements to evaluate sustainability efforts by organizations, and clearly vindicates
that innovations can substantially contribute to all those three dimensions. It emphasizes the
sustainable development's long-term outlook and promotes the evaluation of green technologies
based on their long-term benefits and potential for good legacies. It also takes into account the

capacity of future generations to meet their needs.

2.3.2. Collaboration with Stakeholders, Open Innovation and Triple Helix Model
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This subsection discusses the importance of collaboration and interaction with other stakeholders
for developing and implementing eco-innovations. It presents three strategies for innovation by
Navarro (2002): “make", “buy”, and “cooperate”, and explains how open innovation (Chesbrough,
2003) and the Triple Helix Model (Etzkowitz et al., 1995) can facilitate knowledge flows and
synergies among different actors. It also refers to the concept of System Building (Nelson, 1993),

which emphasizes the need for a holistic and societal perspective on innovation and sustainability.

The collaboration with stakeholders perspective provided in this section demonstrates how
innovation arises through the dynamic engagement of universities, industries, and government
agencies, as well as other external actors, such as customers and competitors. The key takeaway
from this is the importance of collaboration and stakeholder engagement in driving innovation.
2.4.1. Sustainable Business Performance through Green Innovation

Ideally, the end purpose of any green innovation should be the reduction or eradication of
environmental harm coming from a company’s operations. In order to understand how likely an
mmnovation is to contribute to the SDGs, this section identifies different success factors of

innovation.

Based on the literature review, the main success factors for green innovations are green absorptive
capacity and organizational learning, skilled human capital, environmental awareness of top
management, market, law, and regulation knowledge, interfunctional collaboration, innovation-
oriented learning, and R&D investments. All success factors identified through literature review are
interconnected and have overlapping elements, emphasizing the importance of a holistic approach
to green innovation. These success factors will be crucial to the assessment of Gls in the Italian

energy industry in the following chapters.
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2.5. Drawing the theoretical framework for identifying, categorising, analysing and assessing
GIs

Figure 7. Framework for identifying, categorising, analysing and assessing GIs

Based on the comprehensive literature review, this chapter proposes a framework for identifying,
classifying, and assessing green innovations, which will later be used to analyse GIs in the Italian
energy sector. This framework draws on relevant theories and concepts from the literature review
and provide a systematic approach to analyzing the adoption of innovative technologies in the

context of sustainability (Figure 1).

The framework developed as a result of comprehensive literature review consists of four steps:
identifying green innovations based on their characteristics, categorizing them based on their types,
novelty, and levels of collaboration, analyzing them based on their economic, social, and
environmental impacts, and evaluating them based on their alignment with sustainability principles,
potential to contribute to sustainable development, and potential to create value for stakeholders.
The section provides an overview of how this framework can help assess green innovations in a

comprehensive and balanced manner.

3. Framework application: Green innovations in the Italian energy industry

In this chapter, I apply the theoretical framework developed in the previous section to the Italian
energy sector. I start by briefly introducing the Italian energy industry, its relevance and contribution
to the international arena, as well as the green innovations practices adopted by the local firms.
Based on the open source data on the innovative technologies adopted by Italian energy firms to

reach net-zero targets, I use the framework to classify and assess these innovations.

3.1. Green innovations in the Italian energy industry

Italian energy companies, including Enel, have played a significant role in driving and pioneering
green innovation strategies in the country and worldwide. Their influence and market scale enable
them to implement and test green innovation solutions at a large scale, providing valuable data and

insights for research.

With Italy being one of the groundbreakers in renewable energy on a global scale, is it important to
analyse green innovations in the Italian energy industry to gain insights into the country's ambitious
targets, technological advancements, market opportunities, and the lessons they provide for the

broader global energy transition. Overall, the Italian energy companies are relevant for green
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innovation research due to their industry expertise, resources, market influence, access to data and

infrastructure, collaboration opportunities, and policy influence.

3.3. Green innovation practices in the leading Italian energy companies

In order to demonstrate the applicability of the developed framework, this section is divided based
on the different types of innovation technologies predominantly used in the energy sector. Since the
types of such technologies are countless, the present study focuses on the most popular technologies
with the highest accessibility of information. The analysis will include AI and machine learning,
10T, cloud services, and blockchain. For each type, an example of innovation practices by different
companies will be presented, depending on the availability of information, relevance to the

framework, significance and balance.

3.3.1. Artificial Intelligence
Enel and Myst Al

In 2018, Enel Green Power, part of Enel, started working with Myst Al to develop Al-powered
forecasts for various energy applications. The variety of applications of Myst Al is extremely
diverse. For example, Enel uses Myst AI’s machine learning-powered forecasts to support the
energy transition by enabling smart grid management, renewable energy forecasting, and energy
efficiency improvement (Enel, 2022). Furthermore, Enel uses Myst Al’s forecasts to bid on asset

production in intraday markets, thereby reducing imbalance costs by 5% per year, which means that

the amount of energy produced matches the amount of energy demanded more closely (Myst Al,

2022).

Based on the framework analysis (Figure 8), the use of Myst Al by Enel is an example of an
effective green innovation that improves Enel’s environmental, social and economic performance in
the energy sector. It falls under the criteria for green innovation definition. It is an integrative,
competence-enhancing process innovation. Concerning the analysis part, it has positive impacts on
the environment, such as reducing greenhouse gas emissions and fossil fuel consumption, as well as
on society, like improving the quality of life and well-being of customers and stakeholders. It also
has economic benefits, such as reducing imbalance costs and increasing profitability and
competitiveness in the energy market. The performance of Myst Al is supported by several success
factors within Enel. The sole negative trade-off of this technology, which cannot be accurately
assesses based on the accessible sources, is the fact that it might not be fully green throughout its

life cycle, as it relies on energy used by data centres.

3.3.2. Internet of Things
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A2A and Smart Technologies
As part of its technological innovation strategy, A2A established a separate entity called A2A Smart

City which works on creating smart and digital solutions with the help of the LoRaWAN®
Ecosystem, which facilitates the smartification of cities with the help of IoT and interconnectivity.
The technology enables improved energy efficiency through energy, sound and environment

monitoring, smart lighting, smart grid and smart irrigation in residential areas.

Based on the framework (Figure 9), the use of LoRaWan by A2A is an example of an effective
green innovation that strives to contribute to the company’s green transition efforts. The A2A
initiative does meet the criteria for being a green innovation. This particular innovation initiative
encompasses different characteristics of product, process, organisational, as we all as connective,
integrative reflexive, and structural innovation. The application of LoRaWan has potential positive
impacts on the environment, society and economy, such as reducing energy consumption and
emissions, improving quality of life and health, creating new markets and jobs, and cutting costs
and improving profitability for A2A. The main trade-off of this technology is the fact that it might
not be fully green throughout its life cycle, as it relies on energy used by data centres and batteries

that end up in landfills.

3.3.3. Blockchain
Terna and Equigy

As a part of its ecological strategy, in 2020, Terna launched a joint venture initiative, alongside the
German, Dutch, Swiss and Austrian TSOs, called Equigy. This crowd balancing platform (CBP)
provides access to new sources of electricity from consumer-based devices, such as home batteries
and electric vehicles (Terna, n.d.), empowering and transforming consumers into “prosumers”. This
accelerates the integration of renewables into the electricity system by providing safety, flexibility

and balance.

Based on the analysis using the framework (Figure 10), Equigy is an excellent example of how
Italian energy companies can use innovation technologies to accelerate energy transition. Firstly,
Equigy by Terna meets the majority of criteria for an initiative to be called green innovation based
on its novelty, knowledge and technology application, environmental focus, improved
environmental performance, mitigation of future environmental risks, support for the transition to a
sustainable economy and greenness during the full life cycle. Equigy is a process and business
model innovation that is both competence-enhancing and competence-destroying depending on the

perspective, as well as connective and integrative. Overall, the implications of this green innovation

84



can be considered positive, as long as the company takes into account the potential negative effects

l(lQlltifi “dti()]] Is it green innovation?

Does it have the following characteristics?

1) Novelty

2) Knowledge and technology application

3) Environmental focus

4) Improved environmental performance

5) Mitigation of future environmental risks

6) Support for the transition to a sustainable economy
7) Green during the full life cycle

What kind of green
innovation is it?

Categorization

| Produpt or . Process or Business or Organizational
innovation  Innovation model
2
= | Competence- Competence-
; enhancing destroying

Connective or Structural or Reflexive or Integrative

What are its potential environmental,
but also social and economic impacts?

Analysis

- Does the innovation initiative take into account
different impacts it may have in different areas?

« How does it impact the environment?

. What are its social implications?

- What economic implications does it have?

. Does it contribute to sustainable
Evaluation development?

Does it create value for stakeholders?

The success factors checklist:

1) Absorptive Capacity & Innovation-Oriented Learning
2) Skilled Human Capital

3) Environmental Awareness of the Management

4) Market, Law, and Regulation Knowledge

5) Interfunctional Collaboration with Stakeholders

6) R&D Investments

of blockchain use and minimises them. Finally, the successful performance of Equigy is supported
by Terna’s proclivity to innovation-oriented learning, skilled human capital, environmental
awareness of the management, market and regulatory knowledge, interfunctional collaboration with

stakeholders, and R&D investments.

3.3.4. Cloud computing and Big Data
Eni and Open-Es Platform
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In 2020, Eni in collaboration with the Boston Consulting Group and Google Cloud announced the
creation of Open-es — a new open digital platform that allows companies to calculate their
sustainability performance based on certain metrics and give different stakeholders, including
customers and financial institutions, the opportunity to gain access to that data. Eni sees Open-es as
a practical tool for companies that wish to improve their sustainability performance but do not

possess the relevant tools to measure performance and progress along the entire chain.

Relying on the analysis using the framework (Fig. 11), Equigy is an excellent example of how
Italian energy companies can use innovation technologies to accelerate energy transition. First of
all, Open-es with the use of cloud commuting, Big Data and Al aligns with the criteria for green
innovation definition. Moving on to classification, Open-es can be considered a competence-
enhancing process, business model and organizational innovation, as well as reflexive, integrative
and connective innovation. The framework showed that Open-es has a mainly positive effect on
different aspects. Due to the alignment with all the success factors presented in the framework, Eni
provides a solid basis for its innovation initiatives to reach their goals. Overall, the framework
showed that Open-es is a practical tool that fosters transparency, innovation and value creation for
the energy industry on the way to sustainability. However, in order to guarantee that it is fully green
across its life cycle an additional evaluation would be required using metrics and internal data from

the company.

4. Discussion

In this section, I will discuss the key findings from Section 3, where I applied the framework for
identifying, classifying, analyzing and assessing green innovation initiatives in the Italian energy
sector. The main purpose of this study is to analyze how Italian energy companies use innovation
technologies to drive the green energy transition and to identify the best strategies based on that.
The application of the previously developed framework provided a holistic review of some of the
ongoing initiatives in the industry. The elaborated structure allowed to look at the innovations from
different points of view and evaluate them accordingly. I will first discuss the strengths and gaps of
the elaborated framework, and then proceed with the analysis of the key takeaways from the review

of the four innovation practices by Enel, A2A, Terna and Eni.

Overall, the framework was designed to be comprehensive and systematic. It covers a range of
green innovation-related dimensions, including definition, category, impact, and success factors.
The framework is of great value for determining each innovation practice's advantages and

disadvantages, as well as potential trade-offs and difficulties. Following each step of the framework
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can help to raise important questions and draw attention to crucial aspects in the development of
innovation technology initiatives that might be lacking. eing based on relevant literature and sources
that provide theoretical and empirical foundations, it can be a useful tool for developing the initial
strategies for innovation projects for the corporate management. It is also of great use for
researchers attempting to identify and analyze certain innovations, since it accumulates different

relevant theories and studies by other scholars.

However, the framework might not capture all the complexity and diversity of green innovation
practices in the real world. Moreover, it may not account for the dynamic and evolving nature of
green innovation practices, since some innovations may change their novelty, impact, or
performance as they mature or interact with other factors in the environment. The application of the
framework also demonstrated that it must be accompanied by another methodology to calculate the
difference between the level of emissions before and after the implementation with internal and
independent data to have precise metrics that show the contribution to energy transition. To bridge
these gaps, the textual analysis could be complemented by interviews, surveys, observations, or
experiments to gain more insights and evidence on how different companies use innovation
technologies for sustainability. The analysis based on the developed framework would be most

successful with the involvement and consultation of different stakeholders.

Apropos of the innovation practices analysed in Chapter 3, there are several discoveries and insights
gained through the framework application. All of the cases, including Myst Al by Enel, Smart City
by A2A, Equigy by Terna, and Open-es by Eni, fall under the definition of green innovations. All of
them possess such characteristics as novelty, knowledge and technology application, environmental
focus, improved environmental performance, mitigation of future environmental risks, and support
for the transition to a sustainable economy. As for the “green during the full life cycle” criteria, the
analysis showed that the framework could only assume that it is true, since the answer requires data

and insights from the companies, which is not available through open sources.

The categories of GIs adopted by Italian energy companies are manifold and diverse. They range
from product and process to business model and organizational innovations, from connective and
integrative to reflexive and structural, depending on their goals and needs. In the cases reviewed in
the previous chapter, all of thee incumbent companies use mostly competence-enhancing green
innovations, which improve their existing capabilities and skills in the energy sector. The reviewed
Italian energy companies use mainly connective innovations, which create new networks and

interactions among different devices and actors using novel technologies, and integrative
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innovations, which combine and integrate several technologies and fields of knowledge. Some of

their innovations may also have reflexive or structural characteristics.

The analysis demonstrated that the majority of large energy companies in Italy consider innovation
technologies to be a fundamental tool in improving their operations, and all the reviewed
companies, including Enel, Eni, A2A and Terna, have incorporated innovation practices into their
corporate strategy and investment plans. Green innovations proved to be one of the constituting
pillars for all those companies in their longterm plans. While developing the green innovation
strategies, the four analyzed companies have taken into account the impacts of their actions on
different dimensions. Not only do they strive to reap financial and economic rewards, but also
endeavour to contribute to SDGs and mitigating and preventing climate change, while
simultaneously benefitting the society by improving quality of life, health, education, or inclusion

of people.

The analysis helped to establish that all of the innovation practices have become possible through
different forms of cooperation between the energy companies and third parties, such as startups
(Myst Al), joint ventures (Equigy), memberships in non-profit associations (LoRa Alliance), and
open collaboration platforms (Open-es). This finding reiterates the point made in the literature
review by Navarro (2002) and Chesbrough (2003). This point is also directly linked to the the
absorptive capacity and innovation-oriented learning: companies that are capable of interacting with
the outer world, acquiring relevant knowledge and then adapting and utilizing it in order to be more
innovative, are more likely to develop successful green innovation solutions. These practices are
underpinned by a skilled human capital and active R&D investments. Grounded on these lessons,
the most valuable recommendations are to seek collaboration and partnership with other actors to
create synergies and co-create value; to foster a culture of innovation and sustainability within the
organization and empower employees; to actively communicate and promote the benefits and value
of green innovations to investors, customers, regulators, or society in general. Openness and
cooperation can strengthen the initiatives, mitigate any risk and guarantee the success for anti-

climate change initiatives.

The analysis of the four cases also showed that the respective Italian energy companies face some
challenges and trade-offs in adopting green innovations. Apart from balancing the environmental
benefits and costs of innovation technologies, they face with challenges in ensuring data security
and privacy, and addressing social and ethical issues of Industry 4.0. Therefore, companies should

plead to address such issues as job displacement, digital divide, human-machine interaction, and
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social responsibility, by engaging with stakeholders, providing training and education, ensuring
inclusivity and diversity, and adhering to ethical principles. All of this should be transparent and put

as a top priority.

One of the most significant limitations of this analysis is linked to the fact that it relies on secondary
data and information, which may not be accurate, complete, or up-to-date. It may also be influenced
by the sources’ perspectives and interests, since a lot of the information about the initiates was
covered in companies’ reports which can sometimes exaggerate the organizations’ feats. Therefore,
companies should be urged to measure the carbon footprint of the companies before and after
implementing the green innovation practices in order to clearly assess their contribution to the
energy transition. Making this data accessible to the public would not onland straighten the trust of
the stakeholders, but also motivate the company to improve its practices in terms of their

environmental impacts.

Moreover, important stakeholders should take part by defining and agreeing upon certain or metrics
for gauging the effectiveness of the innovation. Otherwise, it might not be feasible to clearly and
transparently quantify or illustrate the companies’ actual contribution to sustainable development or
value generation for stakeholders. It would be of great use to compare or benchmark the green
innovations with other alternatives or competitors in the market, which could provide a more

objective and relative assessment of their performance and value.

5. Conclusion

The energy sector, which is one of the main culprits contributing to climate change, can become the
answer to this urgent global issue by undertaking effective and timely action to accelerate the
energy transition. While an increasing number of oil and gas or multi-utility companies are
recognizing the imperativeness of such initiatives and searching for creative ways of achieving net
zero goals, innovation technologies are becoming the vital part of any corporate strategy. Artificial
intelligence, Internet of Things, cloud computing and blockchain all have the ability to help tackle
climate change without sacrificing economic growth, and Italian companies, like Enel, A2A, Terna

and Eni, are actively investing in them.

This study has aimed to examine the ways in which innovation technologies are used by Italian
energy companies to facilitate the green energy transition and to determine strategies that could

guarantee their success. In order to accomplish this, the study set the following objectives:
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1. Thave reviewed the literature on how to define, classify, analyze and assess innovations in
general and green innovations in order to develop a comprehensive framework for the research.

2. Based on the literature review, I have proposed a framework to identify, classify and assess
green innovations that will be applicable to the energy industry in Italy.

3. Thave introduced and reviewed the energy industry in Italy, explaining its relevance, and the
Italian energy companies’ efforts to adopt and create innovation technologies aimed at helping
them to cut emissions and switch to renewable resources.

4. Finally, I have applied the elaborated framework to the energy industry in Italy to assess the
companies’ green innovation initiatives and then discuss the key findings from applying the
green innovations framework.

A comprehensive assessment of some of the current initiatives in the sector allowed to put theory to

practice and to identify the most common and effective green innovation strategies adopted by

Italian energy companies. Apart from assessing them, the framework also provided a methodology

for the GI’s definition, categorization and analysis. The in-depth review facilitated the identification

of several gaps and limitations providing a better basis for recommendations.

One of the key takeaways both from the literature and the analysis is the utmost importance of
collaborations, partnerships with other actors and stakeholder engagement to create synergies and
co-create value. These points brought up in the literature review, reappeared with a stronger force in
the case studies. Therefore, firms undertaking GI initiatives should actively collaborate and engage
with other actors to create synergies and co-create value and also foster a culture of innovation and
sustainability within the organization by training and empowering employees. These key takeaways

will ensure the success of any innovation strategy.

Keeping in mind the Triple Bottom Line theory and the importance of a holistic approach in
developing green innovation strategies, energy companies should strive to promote social welfare
and safety while implementing green innovations. Therefore, GI strategies need to be accompanied
by ways to ensure strong data security and privacy measures, address such challenges as job loss,
digital gap, human-machine interaction, and social responsibility, by engaging with stakeholders,
providing training and education, ensuring inclusivity and diversity, and following ethical

principles.

Innovations cannot be considered green if they do not fulfil their core goal — contribution to reduce
environmental damage and use natural resources efficiently. As the framework has shown, in order

to accurately assess a company's contribution to the energy transition, it is essential to analyze its

90



carbon footprint both before and after adopting green innovation methods. Therefore, businesses
may take a life cycle approach and weigh the environmental advantages and drawbacks of emerging
technology at every step. Making this information available to the general public will help the
corporations win back the stakeholders' trust, encourage it to change its practices to have less of an
impact on the environment, and provide the business with access to suggestions and criticism from
various stakeholders. This could be taken a step further by engaging stakeholders in standard or
metrics definition and benchmarking the initiatives against competitors to provide a more

objectively positive outcome.

In conclusion, this study on green innovation technologies in the Italian energy sector has
highlighted the key factors and challenges for creating and putting into practice green innovation
strategies in the energy sector in Italy. It has demonstrated that guaranteeing the success and
sustainability of green innovation initiatives requires a number of different factors, including
cooperation, stakeholder participation, a holistic approach encompassing ecological, social and
economic dimensions, and environmental performance evaluation. It has also provided some
recommendations and suggestions for future research in this field. The study hopes to contribute to
the advancement of green innovation knowledge and practice, as well as to inspire more energy
companies to adopt innovation technologies that can help tackle climate change and promote

sustainable development.
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