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“Thus, the task is not so much to see what no one yet has seen, but
to think what nobody yet has thought about that which

everybody sees.”

Arthur Schopenhauer



ABSTRACT

There is limited discussion on how the development of Innovation capabilitiy takes place
considering the simultaneous evolution between companies and their Institutional environment.
Additionally, most studies about Innovation capability development present a cross-sectional
research design, leading primarily to a “static” perspective, with limited discussion on their
development and evolution over time. This study aims to explore how the development process
of innovation capability occurs using a historical perspective and through the lens of co-
evolution theory, allowing the identification of the historical pattern of organization adaptations
that emerge gradually over time and recognizing how organizations and environments co-
evolve from a multilevel perspective. A comparative analysis between two countries, Brazil
and France, was carried out to capture differences in national environments. In particular, the
focus was on the Electricity utility Industry firms, which have been challenged to re-evaluate
their business models due to the impacts of new technologies, such as the emergence of
renewable energy sources (RES). The methodological approach adopted was the multiple case
study, considered appropriate to understand better how new phenomena, not yet completely
known, occur and why they occur. A documental analysis was also developed to identify
important events in the companies and in the regulatory environment that could affect the
Innovation capability development. The results indicate that Innovation capability development
is influenced by the increase in the firm’s scope of business and that there is evidence that
innovation capability development converges into the same initiatives under global governance
in a regulated industry- Considering the co-evolution theoretical perspective, a multilevel
framework is also proposed that highlights the Institutional environmental influence on a firm’s

Innovation capability and an update of the Innovation capability concept.

KEYWORDS: Innovation capability; Co-evolution; Innovation; RBV; cross-national studies.



RESUMO

Hé uma discussao limitada sobre como ocorre o desenvolvimento das Innovation capabilities,
considerando a evolugdo simultanea entre as empresas € seu ambiente institucional. Além
disso, a maioria dos estudos sobre o desenvolvimento das Innovation capabilities adotam a
metodologia transversal de pesquisa, levando principalmente a uma perspectiva "estatica",
com discussdo limitada sobre seu desenvolvimento e evolucao ao longo do tempo. Desta
forma, este estudo tem como objetivo explorar como ocorre o processo de desenvolvimento
das Innovation capabilities usando uma perspectiva historica e através das lentes da teoria da
co-evolugdo, permitindo a identificagdo do padrao histérico de adaptagdes da organizagdo que
emergem gradualmente ao longo do tempo, e reconhecendo como organizagdes e ambientes
co-evoluem em uma perspectiva multinivel. Uma anélise comparativa entre dois paises, Brasil
e Franga, foi realizada para capturar diferencas nos ambientes nacionais. Em particular, focou-
se nas empresas do setor elétrico, que foram desafiadas a reavaliar seus modelos de negdcios
devido aos impactos de novas tecnologias, como o surgimento de fontes de energia renovavel
(RES). A abordagem metodologica adotada foi o estudo de caso multiplo, considerada
apropriada para entender melhor como ocorrem novos fenomenos, ainda ndo completamente
conhecidos, e por que eles ocorrem. Uma andlise documental também foi desenvolvida para
identificar eventos importantes nas empresas € no ambiente regulatdrio que poderiam afetar o
processo de evolugdo. Os resultados indicam que o desenvolvimento das Innovation
capabilities das empresas ¢ influenciado pelo aumento do escopo dos negocios da empresa e
que ha evidéncias de que, em um setor regulamentado, o desenvolvimento das Innovation
capabilities convergem para as mesmas iniciativas quando sob uma governanga global.
Considerando a perspectiva teorica da co-evolucao, sdo também propostos um framework
multinivel que destaca a influéncia do ambiente Institucional no desenvolvimento das

Innovation capabilities, e uma atualizagdao do conceito de Innovation capability.

PALAVRAS-CHAVE: Innovation capability; Co-evolution; Innovation; RBV; cross-national

studies.
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1 - INTRODUCTION

It is generally agreed that the central focus and challenge in the field of business
economics involves understanding the features that drive business success and a firm’s
perpetuity. Strategic management literature has progressed, moving from approaches based on
industrial organization analysis (Porter, 1985), affirming that the structure of the industry in
which the firm is embedded determines the actions that firms must drive and consequently their
performance, to those considering that the different firms included in the same industry may
have different performance resulted from distinct resources (Barney, 1991, 2001Db).

The concepts of routines and capabilities have emerged as central constructs in analyzing
and explaining organizational and competitive heterogeneity (Barney, 1991, 2001a; Dosi et al.,
2000; Helfat & Peteraf, 2003; Teece et al., 1997a). Both concepts are related to the Resource-
Based View (RBV) theory (Peng et al., 2008; Peteraf et al., 2013; Teece et al., 1997b) being
routines broadly defined as regular, predictable patterns of behaviour, activities, or how things
are done (Grant, 1991; Teece et al., 1997a; Zollo & Winter, 2002). On the other hand, the
capabilities concept refers to a firm’s ability to deploy resources (Amit & Schoemaker, 1993),
as organizational routines that enable the firm to acquire and implement resources to facilitate
the production of goods and services (Eisenhardt & Martin, 2000) or as a strength or proficiency
of a bundle of interrelated routines for performing specific tasks (Peng et al., 2008). Capabilities
are also seen as unique to a firm, like a person’s DNA (Wu, S. J., Melnyk, S. A., & Swink,
2012).,

The importance of Innovation as a source of competitive advantage for the firm is a
subject consolidated in the literature, recognized as a key factor in sustaining superior firm
performance over the competition (Benner & Tushman, 2003; Christensen, 1995; Porter, 1996;
Tushman & Reilly, 1996). It is reinforced by an environment with increasing competitive
intensity, fast technological evolution, and reduced product lifecycle, leading firms to develop
the ability to incrementally improve their products and processes and the ability to develop new
products and processes (Benner & Tushman, 2003).

Although there is a myriad of definitions in the literature, many of them using different
terms with the same purpose, Innovation capability can be defined as “the strength or
proficiency of a bundle of interrelated organizational routines for developing new
products/processes”(D. Peng et al., 2008, p.735). In this definition, Innovation capability is
related to large-scale, radical process changes through new knowledge or departures from

existing skills, requiring very different processes and resource configurations. Therefore, this
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definition is aligned with the “exploration” concept (Benner & Tushman, 2003), which implies
a firm’s behaviours such as search, discovery, experimentation, and innovation.

Most of the studies about Innovation capabilities development result from transversal
data analysis, with little discussion on how their development and evolution occur over time,
resulting primarily in a “static” perspective (Alves et al., 2017; Grawe et al., 2009; Hogan et al.,
2011; Lawson & Samson, 2001; Nasution & Mavondo, 2008; Ngo & Cass, 2009; Peng et al.,
2008; Wang & Ahmed, 2004; Wu et al., 2010). Therefore, a historical perspective can help
identify the historical pattern of organization adaptations that emerge gradually over time,
establishing a unique firm-specific path dependence through the fitness of resources, routines,
and organizational culture (Peng et al., 2008).

A historical perspective can also identify the role carried out by external actors in the
Innovation capabilities development of the firm, such as the government and other firms in the
industry, as well as their interplay and simultaneous evolution, leading to a better understanding
of the logic behind past actions, which may affect future developments.

The co-evolution theory (Lewin & Volberda, 1999) attempts to address external
influences on the firm using concepts originated in the biology field, such as the mutual genetic
evolution between butterflies and some plant species. It focuses on firm-level adaptation as a
function of strategy and organization design, attempting to comprehend how achieving fits with
the environment, sources of competitive advantage, and the role of intentionality (Lewin &
Volberda, 1999).

The main tenet of the co-evolution theory proposal is that organizations, industry, and
the macro environment interact and shape one another over time (Volberda & Lewin, 2003), in
a process where changes at any level can trigger change at other levels. Organizations introduce
change through direct interaction or feedback from the system (Lewin&Volberda, 1999).
Conversely, managers respond to the environment by taking actions to change their
organizations, which affects the environment, so several parts in a system could be
simultaneously evolving (or “co-evolving”). Thus, firms’ strategic and organizational
adaptations co-evolve with changes in the environment (technological and institutional, plus
the competitive dynamics) and the organization’s population and forms.

The theory presents five essential properties — multi-levelness and embeddedness, multi-
directional causalities, non-linearity, positive feedback, path, and history dependence (Lewin
& Volberda, 1999).

To date, the limited number of studies that use the co-evolution theory have explored

aspects such as how the Knowledge environments coevolve with the emergence of organization



18

forms and combinative capabilities that are suitable for Absorbing knowledge determinants
(Van Den Bosch et al., 1999); exploration of the connection between environmental changes
and organizational transformations (M.-L. Djelic & Ainamo, 1999; Lampel & Shamsie, 2003;
Webb & Pettigrew, 1999); analysis of organizational co-evolution in a highly institutionalized
and barely competitive environment(Rodrigues & Child, 2003b); understanding of how
transaction costs and capabilities combine to determine vertical scope (Jacobides & Winter,
2005); role and characteristics of strategic assembly in the construction and management of
the global multi-business firm (Koza et al., 2011); the political power as an evolutionary driver
(Child et al., 2012) and the evolution of a specific industry and its key drivers (Duarte &
Rodrigues, 2017). Nevertheless, no specific study was identified using the co-evolution theory
that investigated how a firm’s Innovation capability evolves due to Institutional level changes,
what led this study to try to address this gap.
1.1 — The Electricity utility industry

Aiming to study and explore how Innovation capability evolves from the co-evolution
theory perspective, it was decided to select an industry that is experiencing the impacts of the
emergence of new technologies and that its business model configurations are highly dependent
on the national context in which they are situated (Strupeit & Palm, 2016), being sensible to
influences from policymakers.

The electricity utility industry represents a perfect testbed for this analysis. For a long
time, the electricity utility industry had a very well-established business model, characterized
by an environment regulated by the government (Burger & Luke, 2017), generating energy
from centralized sources (usually thermal or nuclear generation) following a kilowatt-hour
(kWh) pricing model. These firms usually covered the complete electric power value chain
encompassing the activities of power generation, transmission, and distribution (Richter, 2013).

Since the 1990’s, national governments have promoted policies and regulations that
directly affect the electricity utility industry with two objectives: first, to stimulate competition
in the electricity utility industry by reducing the power and the size of the very verticalized
companies, and deregulating the market, facilitating the opening to new entrants. Incumbents
have reacted to the likely reduction of market share by strongly increasing energy services
offers in an attempt to keep customers loyalty.

Simultaneously, the increasing concern about the effects of global warming led national
governments to set policies and regulations aiming to limit Greenhouse gas (GHG) emissions.
The constitution of regulatory frameworks is pointed out as a central driver of the energy

transition into a low-carbon economy (Jacobsson & Lauber, 2006) and triggered the rapid
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emergence of new technologies, such as renewable sources of energy (RSE), smart grids, and
energy storage solutions, which have great potential for disrupting the current energy system
(Richter, 2012).

According to Chesbrough (2010), one of the main triggers for firms to rethink their
business model is the emergence of disruptive technologies. The emergence of these new
technologies challenges the traditional way electricity is produced and commercialized, heavily
impacting the consumption part of the electric power value chain. One particular type of solar
energy, the one generated by photovoltaic (PV) technology, is potentially disruptive to the
established modes of electricity generation and delivery (Schleicher-Tappeser, 2012), having
as its unique characteristic the property of allowing power generation in small-scale generating
units close to the point of consumption, a phenomenon called Distributed Generation (DG)
(Pepermans et al., 2005). Thus, the change of energy systems towards distributed renewable
technologies requires technological and organizational innovation to engage broad segments of
the private consumer market (Strupeit & Palm, 2016).

Besides, more recently, armed conflicts in Europe raised considerable concerns about
the security of the energy supply and the related impact of the increasing prices (Kotek et al.,
2023). In the Europe Union (EU), this unforeseen kind of event highlights the vulnerability of
the EU’s energy system, leading many national governments to identify the security of energy
supply and distribution as having National strategic relevance.

All these points highlight the role performed by the regulatory component of the
Institutional environment level in affecting Innovation capability development of firms.
Therefore, this study aims to answer the following research question: How changes in the
National Legal Framework may influence the Innovation capabilities development of firms?

Therefore, this study aims to explore how the process of Innovation Capability develops
and evolves due to changes in the Institutional environment, in particular the regulatory
component. It will use the co-evolution theory to shed light on how organizations and the
National’s Legal framework co-evolve, leading to a better understanding of the role of internal
and external mechanisms that influence and lead to the Innovation capability development
process over time from a multilevel perspective. The object of study chosen are firms in the
electric utility industry, which are experiencing the impacts of the emergence of new
technologies, such as the RSE, and are highly dependent on the environment regulated by the

national governments.
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The study will address as a specific objective the identification of the mechanisms
through which the Legal Framework influences the Innovation capabilities development of
firms.

To answer the research question, the study will develop a comparative study among two
countries, Brazil and France, to capture the differences in the national environments that
influence innovation capability development. The choice of firms located in France as an object
of study is related to the efforts developed by this country in the last ten years regarding the
development and spread of RSE and smart-grid technology (Agora Energiewende, 2021).
Additionally, Brazil is a developing country with a high level of participation of RSE in the
national electric matrix due mainly to the spread use of hydroelectric energy. Nevertheless, with
the dissemination of concepts of sustainability, including on the political agenda of different
countries, and due to the water shortages faced in recent years, the Brazilian electricity matrix
needs renewal and diversification (Cadernos FGV Energia - Energias Renovadveis
Complementares, 2015; EPE - Empresa de Pesquisa Energetica, 2021).

The proposed methodological approach is a multiple case study that is considered
appropriate to understand how new phenomena, not yet completely known, occur and why they
do so (Barratt et al., 2011). Besides the interviews with executives of one of the selected firms,
a documental analysis was developed to identify significant events and data about the regulatory
environment that may have influenced the selected firms' innovation capabilities (Lewin et al.,
1999).

Therefore, the research data allowed us to present theoretical, managerial and policy
contributions. Among the theoretical contributions, firstly, it is indicated that Innovation
capability development is influenced by the increase in the firm’s scope of business. There is
also evidence that Innovation capability development converges into the same initiatives under
global governance in a regulated industry. Second, by adding new routines, we propose an
update to the innovation capability concept from Peng et al. (2008). The updated concept is in
line with the concept of radical innovation (Exploration), which fundamentally changes the
technological trajectory and is associated with organizational competences but incorporates a
co-evolutionary perspective. Third, we propose a multi-level framework aligned with the co-
evolution theory, highlighting the National Legal Framework influence on a firm’s Innovation
capability and how they co-evolve. This framework attempts to consider features of an industry
suffering the impacts of disruptive technology while being significantly influenced and

regulated by national governments.
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Regarding managerial contributions, the updated Innovation capability concept and the
multi-level framework proposal can provide managers with a more complete perspective of the
complexity of Innovation capability development, helping to plan the firm’s actions better when
aiming to develop radical innovation. Among the policy contributions, this study provides a
multi-level framework that can help policymakers better understand the effects triggered by the
issue of new regulation, according to the co-evolutionary perspective.

The thesis is structured as follows: we first present the theory section with a literature
review about capabilities, and in particular, innovation capabilities, followed by a literature
review of co-evolution theory. Next, the methodological approach is presented, followed by a
section dedicated to multiple case study analysis. Following, it is presented the discussion
section. Finally, in the last section, the main conclusions of the research are presented, together

with the limitations and suggestions for future research.
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2 - THEORY

This section presents a literature review of the Resource-Based View (RBV) and
capabilities, followed by a review of Innovation concepts, giving special attention to Innovation
capabilities concepts. It is followed by a literature review of the co-evolution theory,
synthesized through a table with the main contributions from previous studies. Next, it is
presented a review of the role of Regulations, particularly those related to the spread of the RSE.
At the end of the chapter, a theoretical proposition about how Innovation capabilities evolve is

developed.

2.1 - Resource-Based View (RBV) and capabilities literature

In opposition to the prevailing view of industrial economics, which affirms that the
structure of the industry where the firm is embedded determines the actions that firms must
drive and, consequently, their performance (Porter, 1980), the Resource-Based View (RBV)
has the scope of analysis of the firm, considering that the different firms included in the same
industry may have different performance.

Previous studies (Barney, 1991; Barney et al., 2001) state that the company can be
seen as a collection or bundle of resources, which can be tangible or intangible assets that are
key to the production and delivery of goods and services. Complementarily, resources can be
seen as stocks of factors owned or controlled by a firm (Amit & Schoemaker, 1993).

Some of these resources with properties known as Valuable, Rare, Inimitable, and
Non-substitutable (VRIN) can be called strategic resources. Although having a VRIN
property is a necessary condition to be a strategic resource, it is still not enough since simple
possession of the resource does not mean the effective use of its potential (Barney, 1995).

As there are resource heterogeneities among companies, strategic resources (VRIN)
can lead to variability in the financial returns across the firms (Peteraf, 1993) and, therefore,
be a source of sustained competitive advantage if matched with an external environment. So,
RBYV focuses on the possession or control of these strategic resources to prevent other
companies from imitating or acquiring these resources (Barney, 1991, 2001a).

Later, the debate about resources leads to the emergence of organizational capabilities
as a complementary concept (Barney, 1992; Teece et al., 1997b). The concept of capabilities,
derived from the term “capable”, fills the gap between intention and outcome (Dosi et al.,
2000), and has received diverse interpretations and definitions about its exact meaning. As

stated by Dosi et al. (2000, pg.3), “the term capabilities floats in the literature like an iceberg
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in a foggy Arctic sea, one iceberg among many, not easily recognized as different from
several icebergs nearby.”

The key concepts for studying capabilities are resources, routines, and capabilities
(Grant, 1991; Teece et al., 1997a). Thus, some authors associated the concept of capabilities
with resources, such as the firm’s ability to deploy resources (Amit & Schoemaker, 1993),
the glue that combines, develops, and transforms the resources in value creation for customers
(Grant, 1991; Teece et al., 1997b) or an ability to perform a coordinated task utilizing
organizational resources (Helfat & Peteraf, 2003). Nevertheless, a relevant amount of
management literature associates the concept of routines, particularly bundles of routines, as
the foundation of the capabilities concept. The concept of routines is broadly defined as
regular and predictable patterns of behaviours, activities, or how things are done (Grant, 1991;
Teece et al., 1997a; Zollo & Winter, 2002). In this regard, routines are also associated with
knowledge storage, being the routinization of activity the most important form of storage of
the organization’s specific knowledge (Nelson & Winter, 1982), and in particular, tacit
knowledge.

Therefore, Collis (1994) defines capabilities as the socially complex routines that
determine the efficiency with which firms physically transform inputs into outputs, Eisenhardt
& Martin (2000) define capabilities as organizational routines that enable the firm to acquire
and implement resources to facilitate the production of goods and services, and Peng et al.
(2008) defined a capability as the strength or proficiency of a bundle of interrelated routines
for performing specific tasks.

In a comparison between resources and routines, Peng et al. (2008) state that resources
are conceived as a base for firms to operate their routines, while routines are embedded in the
dynamic interaction of multiple knowledge sources, being more firm-specific and more
challenging to transfer, allowing the firm to achieve competitive advantage.

Therefore, the routine approach to capabilities helps to comprehend capabilities
creation and development better. In this regard, Peng et al. (2008) state that the routine
approach to capabilities allows the identification of the specific routines that compound them,
leading to deepening the study of possible paths in capabilities creation. Therefore,
capabilities present some features, like social complexity and causal ambiguity, related to the
history of how it was developed and accumulated that turn them unique for each particular
firm, making it very costly or impossible to imitate or substitute (Collis, 1994; Dosi et al.,
2000; Winter, 2000). Thus, its features turn capabilities to be seen as unique to a firm, like a

person’s DNA (Wu, S. J., Melnyk, S. A., & Swink, 2012), while long-term competitive
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advantage can only be achieved if firms develop and implement capabilities more quickly
than competitors (Eisenhardt & Martin, 2000).

The association of the routine concept with a notion of hierarchy emerged as Grant
(1991) argues the set of capabilities of the organization is organized into an integrated
hierarchy of routines executed in different functional areas of the business, while Chandler
(1992) proposed the notion of organizational routines hierarchy as an essential feature of the
organizational capability concept. In a similar perspective, Winter (2003a, pg.991) also
associates capabilities with routines in a hierarchical perspective as he states that “an
organizational capability is a high-level routine (or collection of routines) that, together with
implementing input flows, confers upon an organization’s management a set of decision
options for producing significant outputs of a particular type”. This concept of capabilities
hierarchy is illustrated in figure 1, developed by Hoopes& Madsen (2008), where is presented
two types of capabilities: Operational or Zero-order capabilities, which are constituted by a
set of skills, knowledge, experience, routines, and firm characteristics, which address to daily
operations, with focus on “producing and selling the same product, on the same scale and to
the same customer population” (Winter, 2003); and the First Order or Change capabilities,
that is related to the capacity of an organization to create or modify products, services or
processes to generate a product, service or customer markets (Helfat, C., Finkelstein, S.,

Mitchell, W., Peteraf, M., Singh, H., Teece, D. and Winter, 2007; Winter, 2003).

Figure 1: Winter’s capability hierarchy.
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Source: (Hoopes & Madsen, 2008).
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2.2 — Innovation, Innovation emergence, and Innovation capabilities

2.2.1 — Innovation

The importance of innovation as a source of competitive advantage for the firm is a
subject consolidated in the literature, recognized as a key factor in sustaining superior firm
performance over the competition (Barney, 1991; Benner & Tushman, 2003; Christensen, 1995;
Porter, 1996; Tushman & Reilly, 1996). A business environment reinforces its importance with
increasing competitive intensity, rapid technological evolution, and reduced product lifecycle,
leading the firms to develop innovations that can be classified along two dimensions (Benner
& Tushman, 2003): (1) their proximity to the current technological trajectory and (2) their
proximity to the existing customer/market segment.

Benner&Tushman (2003) also highlighted the concept of incremental Innovation
(Exploitation), which builds on the firm’s current capabilities and is characterized by small
changes in the technological trajectory, while radical Innovation (Exploration) fundamentally
changes the technological trajectory and is associated with organizational competences.

According to Hansen & Wakonen (1997), the first formal definition of innovation was
developed by Schumpeter in the late 1920s. Schumpeter’s definition considered that innovation
is reflected in novel outputs, a new good or a new quality of good; a new method of production;
a new market; a new source of supply, or a new organizational structure, which can be
summarised as “doing things differently”.

Since then, the concept of innovation has received a diversity of definitions.
Crossan&Apaydin (2010), through a systematic literature review, identified a loose use of the
term “Innovation”, often associated as a synonym with creativity, knowledge, or change.
Consequently, there is a wide variety of definitions of innovation, usually emphasizing a

particular aspect of the term. Thus, the authors defined innovation as follows:

“Production or adoption, assimilation, and Exploitation
of a value-added novelty in economic and social
spheres; renewal and enlargement of products,
services, and markets; development of new methods of
production; and establishment of new management
systems. It is both a process and an outcome”

Crossan and Apaydin (2010, pg.1955).
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Crossan&Apaydin (2010) also identified that the Innovation phenomenon has three
determinants of Innovation (Leadership, Managerial Levers and Business processes), and two

categories of dimensions of Innovation (Process or Outcome).

2.2.2 — Innovation emergence and development

The study about how innovation emerges and evolves over time received attention from
many scholars. Below are some contributions from the literature.

Hobday (2005), in a study to identify the effectiveness of Innovation models, reported
mixed outcomes, even for firms in the same industry, leading him to argue that there is no
standard “textbook” to follow. Otherwise, the innovation outcomes depend on the firm’s path
dependence, intentionality, and capabilities.

Nelson &Winter (1982) suggests a routine approach to innovation. According to them,
routines emerge from a repertoire of alternative routines existing in the organization, which are
triggered by internal factors, external factors, or events. As daily problems arise, the firm search
for solutions to cope with these problems through a process carried out by search routines
(Nelson & Winter, 1982) which evaluate the current routines, leading either to modify them, in
a greater or lesser extent, combine or even to replace them. Innovation emerges as a result of
the firm’s set of heuristics that change the content of routines. Nevertheless, in processes of
new capabilities creation, routines appear to be both a blessing and a curse: although they are
fundamental in processes of change to create new capabilities, they create inertia through
obstruction transformation processes (Huygens, Baden-Fuller, Bosch, 2001).

Van de Vent et al. (2007) propose the innovation journey concept, which is made of the
non-linear cycle of divergent and convergent activities. Broadly related to Benner& Tushman
(2003) concept of Exploration and Exploitation, these activities, which are enabled by resource
investments, are constrained by external rules and internal discovery of a chosen course of
action. The Divergence phase involves exploring new directions through creating new ideas
and strategies, learning by discovery and building relationships and networks, and tending to
present a random or chaotic behaviour. Conversely, the Convergent phase involves integration
and narrowing the process of exploiting in a given direction, learning by testing, and presenting
a linear periodic pattern.

According to Van de Vent et al. (2007), the cycle of the Innovation journey may be
repeated over time and at different organizational levels, and they are usually triggered through
the occurrence of “Shocks” from internal or external sources to the organization (Schroeder et

al., 1989). The authors argue that many new innovative ideas may emerge but are not enacted
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in an organization until some kind of shock occurs, such as the establishment of institutional
regulations, new leadership, budget crisis, product failure, or loss of market share. Therefore,
shocks are valuable in generating the incentive and urgency to move ideas from gestation to the
implementation phase by gaining attention and focus from stakeholders in the organizations.
One of the perspectives used to better understand the firm’s ability to manage
innovation is the use of the capabilities theory. Following Crossan&Apaydin (2010) findings
about the Innovation definition, the concept of managing Innovation as a capability also has
received many contributions and perspectives from the extant literature. It is important to notice
that the use of the term “capability” in a study does not necessarily lead to the use of capability
theoretical concepts, and this phenomenon also can be found with the term “Innovation

capabilities”.

2.2.3 — Innovation capability

The term Innovation capability was firstly related to assets. Christensen (1995)
suggested the classification of innovative assets according to four aspects (scientific research,
process innovative, product innovative, and aesthetic design) and argued that innovation
requires the combination of more than one of these assets to be successful. Later, Guan &Ma
(2003) stated that Innovation capability is a unique asset of a firm, being tacit and non-
modifiable, and correlated closely with interior experiences and experimental acquirement. A
perspective of Innovation capability as a higher-order integration capability, which can manage
multiple capabilities/routines, is suggested by Fuchs et al. (2000), who is followed by Lawson
& Samson (2001), Peng et al. (2008), and Ngo and O’Cass (2009).

Lawson & Samson (2001) focused their study on high-performance innovation firms
and proposed a concept of Innovation capability as a process that precedes the innovation
outcomes. The authors also stated that an organization’s innovation capability arises from the
skills and abilities that enable the application of resources and reflects an “ability to
continuously transform knowledge and ideas into new products, processes, and systems for the
benefit of the firm and its stakeholders”. The Innovation capability model proposed consists of
seven key elements: Vision and Strategy, Harnessing the competence base, Organizational
Intelligence, Creativity and idea management, Organizational structure & systems, Culture and
climate, and Management of technology.

Romijn and Albaladejo (2002), in a study about determinants of innovation capability
in small electronics and software firms in England, focused their analysis on product innovation,

arguing that internal and external factors are directly related to the development of innovation
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capability of a firm. The authors referred to Innovation capability as “the skills and knowledge
needed to absorb effectively, master, and improve existing technologies, and to create new
ones”. On the other hand, Calantone et al. (2002) state that the learning orientation concept,
which refers to the organization's activity of creating and using knowledge to enhance
competitive advantage, is an important antecedent of Innovation capability and, consequently,
affects the firm performance, The learning orientation is compounded of the following
constructs: commitment to learning, shared vision, open-mindedness, and intraorganizational
knowledge sharing.

Peng et al. (2008) proposal’s main contribution is the concept of operations capability
in a similar way to organizational capability, that is, as a bundle of interrelated routines, having
identified two key capabilities at a plant level: Improvement and Innovation capability. The
proposal follows the concepts first developed by Benner&Tushman (2003) of “Exploitation”
and “Exploration”: improvement capability refers to the strength or proficiency of a bundle of
interrelated organizational routines for incrementally improving existing products/processes,
and Innovation capability refers to the strength or proficiency of a bundle of interrelated
organizational routines for developing new products/processes. It also advances its proposal to
operationalization by proposing a second-order factor model for measuring plant-level
innovation and improvement capabilities, which identified three routines associated with each
capability proposed. Therefore, the Improvement capability is deployed in the following
routines: Continuous improvement, process management, and leadership involvement in
Quality, while the Innovation capability is deployed in the following routines: Search for new
technologies, Cross-functional product design, and Processes and equipment development.

In a study about customer value creation, Ngo and O’Cass (2009) defined Innovation-
based capability as the integrative process of applying the firm's collective knowledge, skills,
and resources to perform Innovation activities related to technical and non-technical
innovations. The authors also stated that Innovation-based capability is conceived of as a
second-order construct with three first-order factors: innovation-based possession, application,
and full utilization.

At last, Hogan et al. (2011) study the service Innovation capability of professional
service firms, where it is recognized that innovation capability has a critical role in developing
and commercializing new services and solutions that create value for the firm and its clients.
The authors defined Innovation capability “as a firm’s ability, relative to its competitors, to
apply the collective knowledge, skills, and resources to innovation activities relating to new

products, processes, services, or management, marketing or work organization systems, to
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create added value for the firm or its stakeholders” (Hogan et al., 2011, pg.3). It is proposed a
specific Innovation capability scale compounded by thirteen measures related to three
dimensions of Innovation capability (client-focused, marketing-focused and technology-
focused).

Table 1 shows a synthetic summary of the literature about Innovation capability,
highlighting the main features and the multi-dimensional nature of the Innovation capability
construct. This figure shows how each concept is related to the main features of capabilities
literature, i.e., compounded into resources, routines and capabilities, the hierarchy concept, and

path dependence. It also shows how each concept is deployed.
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Authors Scope Definition Hierarch [Routines] Resources |Capabilities Path- Deployment
y concept or dependence
Assets/Skills
Associates Innovation to Technological assets (which can be
. Assets for e . .
Christensen . resources or capabilities), and classifies these assets according to the
technological . Lo . . X X
et al (1995) . i following aspects: scientific research assets; process innovative assets;
innovation : . . .
product innovative assets; and aesthetic design assets
Fuchs et |Strategic integration in|Innovation capability is a higher-order integration capability that has X X
al.(2000) firms the ability to manage multiple capabilities
Ability to continuously transform knowledge and ideas into new
products, processes and systems for the benefit of the firm and its
Lawson and stakeholders. The Innovation capability connects the Mainstream
Samson High-performance |activities to the Newstream innovation with a constant flow of
. . . .. X X X
(2001, p. innovation firms  |knowledge and consists of seven key elements: Vision and Strategy,
380, 384) Harnessing the competence base, Organizational Intelligence,
Creativity and idea management, Organizational structure & systems,
Culture and climate, and Management of technology.
L i ientati . e . . .
(CATnINg ONENtANON 1y ) o vation capability is related to firm innovativeness. Firms
Calantone et | influence over firm |. . . . s
. . innovativeness has two perspectives: behavioral and willingness to X
al (2002) innovation and firm
change.
performance
Romijn and | Product innovation in [Innovation capability are the skills and knowledge needed to
Albaladejo | small electronics and |effectively absorb, master, and improve existing technologies, and to X x
(2002, p. software firms in ~ |create new ones. It is a result of influence from internal and external
1054) England sources.
Innovation capability is a special asset of a firm, is tacit and non-
modifiable, correlated closely with anterior experiences and
Guan &Ma | Chinese exporters |experimental acquirement. The Innovation capabilities can be
(2003) firms classified into seven dimensions: Learning capability; R&D X X

capability; Manufacturing capability; Marketing capability;
Organizational capability; Resources Exploiting capability and
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Authors Scope Definition Hierarch [Routines| Resources (Capabilities| Path- Deployment
y concept or dependence
e . Three routines: Continuous
Improvem| Improvement capability refers to the strength or proficiency .
. . . improvement, process
ent of a bundle of interrelated organizational routines for .
- . . . . management, and leadership
capability incrementally improving existing products/processes. . . .
Peng et al. |Operations capability involvement in Quality
X X X
(2008) at a plant-level
. . - . Three routines: Search for new
Innovatio |Innovation capability refers to the strength or proficiency of] . .
. o . technologies, Cross-functional
n a bundle of interrelated organizational routines for .
- . product design, and Processes
capability developing new products/processes .
and equipment development
Customer value  |Innovation- based capability is defined as the integrative process of Three first-order
Ngo and . . . . . .
O Cass creation through  |applying the collective knowledge, skills, and resources of the firm to X X factors:innovation-based
(2009) operant resource- |perform Innovation activities pertaining technical innovations and non- possession, application, and full
based capability |technical innovations. utilization.
Innovation capability is a firm's ability, relative to its competitors, to
apply the collective knowledge, skills, and resources to innovation Suggests three dimensions of
Hogan et al. . . activities relating to new products, processes, services, or management, Innovation capability (client-
Professional services . S . .
(2011, p. firms marketing or work organization systems, in order to create added value X focused, marketing-focused and
1266) for the firm or its stakeholders. Innovation capability is made of three technology-focused) measured

dimensions of Innovation capability (client-focused, marketing-focused

and technology-focused).

by thirteen indicators

Source: Adapted from Calantone et al.(2002), Christensen (1995), Fuchs et al.(2000), Guan & Ma (2003), Hogan et al. (2011), Lawson &
Samson (2001), Ngo & Cass (2009), Peng et al. (2008), Romijn & Albaladejo (2002).
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2.2.4 — Selection of Innovation capabilities concept
Due to the existence of many different concepts related to Innovation capabilities, a
challenging question arises: which concept of Innovation capability should be used in the thesis?
Aiming to answer the question above, it was developed an analysis of the Innovation
capabilities definitions identified in section 2.2.3, firstly regarding the capacity to answer the
research question, i.e., which concept better helps to understand how the process of Innovation
capability development evolves from a multilevel perspective. Besides, it was considered the
context of the Electricity utility industry where the research was developed, which governments
highly regulate but also is experiencing the emergence of new technologies, identified as one
of the main triggers for firms to radical innovation. Therefore, the scope of the research is
focused on the identification of radical innovation in the Electricity utility industry, in line with
the concept of Exploration (Benner & Tushman, 2003).
Secondly, the robustness and consistency of proposal alignment with the theoretical
concepts of RBV and the extant capabilities literature was evaluated, as presented in table 1.
In this second aspect, it was particularly considered the following key elements in the analysis:
e The connection to the routines concept, which is identified by the prevalent literature
(Collis, 2019; Eisenhardt & Martin, 2000; Grant, 1991; Peng et al., 2008) as the
foundation of the capability concept;

o The recognition of the importance of the path-dependence in capabilities creation and
development;

e The adoption of the concept of hierarchy, as suggested by Winter (2003), Grant (1991),
and Chandler (1992);

o The Innovation capability deployment in a way that allows the operationalization of the
concept;

After developing an analysis with the described elements, the author identified that the
Innovation capability definition suggested by Peng et al. (2008) better addresses the two main
criteria of the selection.

Firstly, it is related to the concept of radical innovation, or Exploration (Benner &
Tushman, 2003), where there are changes in the technological trajectory and is associated with
organizational competences.

Secondly, it is based on the concept of routines. According to Peng et al. (2008,p. 735),”
Innovation capability refers to the strength or proficiency of a bundle of interrelated

organizational routines for developing new products and processes”. Therefore, following the
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definition, capabilities do not reside in individual routines but emerge from the synergist
interplay among multiple interrelated routines, meaning that capabilities emerge from the
managerial process of identifying, developing, and integrating routines.

Third, the routine approach to capabilities suggests that they are embedded in the
dynamic interaction of multiple knowledge sources, being more firm-specific, leading to
deepening the study of possible paths in capabilities creation. It presents features like social
complexity and causal ambiguity related to the history of how it was developed and
accumulated that turn them unique for each particular firm, like a person’s DNA (Wu, S. J.,
Melnyk, S. A., & Swink, 2012).

Moreover, the routine approach to capability follows a hierarchy concept, which allows
the identification of the specific routines that compound a capability (Search for new
Technologies, Process and Equipment development, and Cross-Functional Product
development), helping to operationalize the concept and leading to studying of possible paths

in the capabilities creation (Peng et al., 2008).

2.2.5 — The Innovation capability concept proposed by Peng et al. (2008)

The Innovation capability construct proposed by Peng et al.(2008) aimed to identify
capabilities at the plant level (Operations capabilities), using the routine-approach capabilities,
conceptualizing operations capabilities as a bundle of routines. The authors argue that a
capability does not reside in individual routines but instead emerges from the synergistic
interplay among multiple interrelated routines. Following this concept, Peng et al. (2008)
defined Innovation capability as the strength or proficiency of a bundle of interrelated
organizational routines for developing new products/processes.

The authors also state that the essence of innovation is the pursuit of new knowledge to
discover new approaches to technologies, processes, or products. There are two ways firms can
acquire new technologies and processes: internal development or acquisition from outside.
Therefore, it is suggested that Innovation capability is compounded of three routines (Figure 2):
Search of new technologies, Processes and equipment development, and Cross-functional
product development, where the first two routines are primarily concerned with acquiring

technologies and processes, while the last routine is related to new product introduction.
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Figure 2 — Innovation capability concept by Peng et al. (2008).

Innovation
capability
/
. Search for new Cross functional Process and
Routines Technologies product Equipment
development development

Source: D. Peng et al.(2008)

e Search for new Technologies routine

The search for new technologies routine allocates resources in activities to identify,
leverage, and acquire updated processes and technologies. It includes the ability to identify
valuable technologies (scanning) inside and outside manufacturing organizations (Swink &
Hegarty, 1998), external technology acquisition, and internal technology development. Search
behaviour is usually an essential part of explorative Innovation (March, 1991), and in
manufacturing firms, it often includes activities such as anticipating new technologies,
acquiring new technologies, and integrating internal and external technologies.
e Process and Equipment development routine

Process and Equipment development routine is an important activity aiming to achieve
an advantage by internally developing manufacturing processes and equipment. The benefits
are related to firms that can customize technologies to their unique needs, thus improving
production efficiency and flexibility.
e Cross-functional product routine

Cross-functional teams are a widely used method in new product/process development,
consisting of activities such as involving personnel from multiple functions, early involvement
of production workers and manufacturing engineers in design processes, and overlapping
product and process. These activities help to increase the organization’s innovation capability,
leading to reduce time to market in product development and increasing product quality through

better processes and better design.
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2.3 — The co-evolution theory

The concept of co-evolution originated in biology to describe the reciprocal genetic
evolution between two species as they interact (Ehrlich, P. R., & Raven, 1964). The focus is on
identifying the processes of selection, variation, and retention that determine the population’s
evolution, where the evolution of two or more species occurs through the action of reciprocal
selective pressures and adaptation between them, as each has a causal influence on the other’s
evolution(Kallis, 2007).

The concept was later applied to other fields of knowledge, and in social sciences, it is
used to understand how individuals or organizations interact with their environment (Lewin &
Volberda, 1999).

In social sciences, while organizational ecology theories focus on the search of processes
for explaining the evolution at a population level of analysis, management theories focus on
firm-level adaptation as a function of strategy and organization design, trying to comprehend
how achieving these adaptations fits with the environment, sources of competitive advantage,
and the role of intentionality (Lewin & Volberda, 1999). After analyzing various theoretical
perspectives, such as Institutional Theory, Industrial Organization, Behavioral Theory of the
firm, Transaction Cost View, and Resource-based View theory, Lewin & Volberda (1999)
recognized the significant contributions made to the strategy and organization field by each of
these theories, but also that a sole theoretical perspective explanation for the adaptation-
selection phenomenon have reached their limit.

Therefore, the authors recognized the requirement for using multiple theoretical lenses
that may consider the joint outcomes of managerial adaptation and environmental selection.
Thus, Lewin&Volberda (1999) proposed the co-evolution theory, aiming to integrate the
interaction between the adaptation of individual organizations, their competitive dynamics, and
the dynamics of the institutional systems within which firms and industries are situated.

The main tenet of the co-evolution theory proposal is that there are heterogeneous firms
in a particular population that have adaptive/learning capabilities and can interact and mutually
influence each other. The firm's strategic and organizational adaptations co-evolve with
changes in the environment (competitive dynamics, technological and institutional) and
organization population and forms (Lewin et al., 1999; Lewin & Volberda, 1999). The authors
also state that the rate, pace, and patterns of change are distinct and interdependent, that the
direction of these changes is not unidirectional, and that a new organizational form can change
and emerge from the existing population of organizations. Therefore, the development of

resources and capabilities within the organization’s boundaries is both an antecedent and a
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consequence of the complex iterative processes between the organization itself and its
environment (McKelvey, 1997).

It is possible to observe the co-evolution dynamics proposal in figure 3, where is
highlighted the micro-evolution (The Firm) and the macro-evolution (Industry, Institutional

environment/Countries, and the Extra Institutional Environment) interaction among them.

Figure 3 — Co-evolution of the firm, Industry and Environment.
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The authors Lewin et al. (1999) state that theorizing and empirical research according to
the co-evolution theoretical perspective must involve the following aspects: i) the study of
organizations over time within a historical context; ii) the identification of multidirectional
causalities between micro and macroevolution; iii) the identification of mutual, simultaneous,
lagged, and nested effects; iv) restricting and enabling constraints of organization path
dependence; v) contingent effects such as nation-state institutional arrangements; and vi) Extra-
institutional influences, natural environments changes and/or social movements that affect the
firm and market competition. Besides, Lewin & Volberda (2009) also stated the need to
incorporate changes occurring in different institutional systems where firms are located. Thus,
changes in the regulatory environment can affect the firm and the industry, but also, the firm
and/or the industry may have also influenced these changes.(Lewin & Volberda, 2009).

Later, Volberda & Lewin (2003) propose the classification of adaptation—selection
theories and empirical research into three groups: (1) firm-level theories (Resource-Based View,

Behavioural Theory of the Firm, Learning Theories) that link firm-level capabilities and



37

strategy to adaptation and survival, providing a theoretical foundation for explaining firm
heterogeneity; (2) meso level or boundary theories (Transaction Cost, Industrial Organization,
Institutional Theories, Evolutionary Economics) that link firm to macro institutional and
competitive environment; and (3) theories linking the firm to macro-environment, involving
interaction between exogenous discontinuities originated in the social, political and
technological environment and change at levels of the institutional environment, industry and
the firm. In Figure 4, it is possible to identify these theories in the adaptation—selection space

and their causal directions.

Figure 4 — Co-evolution of the firm, Industry, and Environment.
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Lewin&Volberda (1999) state that co-evolution theory presents five essential properties,
as follows:
o Multilevelness/Embeddedness. Co-evolutionary effects occur at multiple levels within firms
(micro co-evolution) and between firms and their niche (macro co-evolution). The processes of
variation, selection, and retention operate within the organization and interact with similar
processes operating at the population level. Therefore, macro co-evolutionary Theory focuses
on firms, existing in a co-evolutionary competitive context, while micro co-evolution takes
place in an intra-firm competitive context, considering the co-evolution of intra-firm resources,
capabilities, and competencies.
e Multidirectional Causalities. There is co-evolution of organizations and their parts in a
changing organizational environment, in which any changes that occur in all interacting

populations are driven by mutual direct interactions and feedback from the rest of the system.
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There are possibilities of direct co-evolution, in which one population evolves in response to
another, and diffuse co-evolution, in which one or more populations evolve in response to
several other populations in a broader ecological system.

e Nonlinearity. In the co-evolutionary context, changes in one variable can produce quite
counterintuitive changes in another variable in non-linear feedback among populations. So,
changes in all interacting organizations can be allowed to result not only from the direct
interactions between pairs of organizations but also from indirect feedback through the rest of
the system.

« Positive feedback. Organizations can influence their environments and, in turn, be influenced
by the behaviour of other organizations, leading to interdependencies and circular causality.
The unidirectional view of cause-and-effect relationships gives way to a recursive bidirectional
view of mutual causality.

« Path and History Dependence. Adaptation in a co-evolutionary process is path-dependent
or history-dependent. In other words, what has occurred in the past persists because of
resistance to change. That explains how the set of decisions one faces for any given
circumstance is limited by the decisions one has made in the past, even though past
circumstances may no longer be relevant (Dave Praeger, 2007). Path dependency can contribute
to a reluctance or inability to invest in forward-thinking innovations (Banton, 2021).

Besides the properties, the co-evolution theory addresses the firm’s survival aspects. In
this regard, the exploration/exploitation adaptation concepts (Benner & Tushman, 2003) help
to understand why and how organizational forms are “selected in” and “selected out”, since
they have different effects on an organization’s performance. While Exploration increases the
possibility of achieving performance levels significantly above or below the historical trend
line, Exploitation, on the other hand, is likely to maintain the historical performance trend line.
So, the organization's survival, in the long run, requires a balance of exploration and
exploitation adaptations.

Incorporating these concepts, Lewin et al. (1999) state that the survival of the firm is
directly related to changes in the firm’s wealth creation performance over time and is an
independent result of the relation of (1) exploitation, (2) exploration, and (3) legacy, as it is

shown in figure 5.
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Figure 5 - Model of wealth creation.
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Exploitation adaptations are related to incremental improvements of operational routines
of the firm performance through the improvement of existing capabilities and routines. It is also
associated with systematic reasoning and risk aversion. Once exploitation adaptations are
highly imitable, they cannot create above-average returns in the long run, as the advantages are
likely short-lived. Because of these characteristics, they cannot be the source of competitive
advantage (Barney (1991, 2001b); Porter, (1980)).

Exploration is related to activities such as identifying, searching, and developing new
business opportunities. It is associated with innovation, variation, risk-taking, relaxed control,
loose discipline, and flexibility. Experimentation of new ideas, breaking of paradigms, new
technologies, strategies, and knowledge in the hope of finding new alternatives that are superior
to current practices. According to Volberda & Lewin (2003), knowledge creation and
integration plays a fundamental role being the most crucial inimitable strategic resource of the
firm.

Thus, the success of an Exploration strategy can lead the firm to achieve adaptations
able to challenge the competitors that are likely to be long-lived, creating above-average returns
in the long run. Because of these characteristics, they can be a source of competitive advantage
(Barney, 1991, 2001b; Porter, 1980).

Generally, organizations face difficulties in searching for new routines (Exploration)
while simultaneously improving old routines (Exploitation).

Legacy represents the cumulative effect of exploitation and exploration adaptations
(Lewin et al., 1999). Besides, it moderates the effect of exploitation and exploration adaptations
as a function of various aspects, such as: size; reputation; relationships with customers,

suppliers, and distributors; access to the capital markets; proprietary technology and patents;
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core competencies; tacit, explicit, and procedural knowledge; human capital; market share;
brand loyalty; technological platforms; research and development capabilities. If Legacy can
decay because of technological innovations, on the other hand, Exploration has the potential to
expand and renew it.

The exploration adaptations are moderated by factors, such as the availability of slack
resources, which are necessary but insufficient conditions for allocating resources to innovation.
Other organizational conditions are required, such as the firm's strategic intent and absorptive
capacity for assimilating new knowledge (Lewin et al., 1999).

2.3.1 — The adaptation dynamics of co-evolution

According to Lewin et al. (1999), an organization’s co-evolution is an outcome of the
interplay between internal and external forces in the organization's environment. In this process,
the environment intercalates relative order and stability periods with periods of turbulence and
rapid changes. During periods of relative stability, organizations and populations change and
adapt themselves in an incremental way to changes in the environment, reinforcing the existing
dominant organizational form. In a lower perceived uncertainty among organizations, the new
successfully co-evolved forms are legitimated and imitated, existing a robust fit between the
dominant organization paradigm and the environment.

Nevertheless, as the environment becomes turbulent, firms respond to the changing
conditions by intensifying their historical patterns of exploration and exploitation adaptations.
Firms with little or no experience with exploration adaptations will likely delay such initiatives,
occurring more likely due to mimetic isomorphism. As the firms perceive that their
environments are entering a phase of high-velocity turbulence (Brown and Eisenhardt, 1998),
they are expected to diversify and intensify their exploration strategies (the prospect of new
landscapes), such as mergers activities, alliances aiming at co-development of projects, internal
research and development, and greenfield investments. In this regard, more bureaucratic and
more rigid controlled firms tend to present a lower absorptive capacity for new knowledge and
a lower ability to identify new opportunities, resulting in a contingency misfit and dysfunctional
organizational performance. These firms are also more likely to present lower adaptive and
improvisation capabilities and higher structural inertia (Koza & Lewin, 1998). On the other
hand, some firms can respond by pursuing a mindset shift, looking for ways to achieve a
temporary strategic advantage, while other firms opt for consolidation and growing scale
strategies, aiming to achieve the return of scale and size increase to guarantee long-term
survival. Finally, some firms can decide to exit the existing business line due to their inability

to remain competitive in the industry, deciding to operate in a new industry segment.
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In this changing environment, Lewin et al.(1999) sustain that surviving firms can
consolidate their niche by growing scale as long as their niche has not decayed. Besides, it has
a better chance to survive those firms that decide to exit operations from the original business
and reconstitute themselves in a new line of business as new entities or firms that have
developed, throughout their existence, a balance of exploration and exploitation capabilities
and the absorptive capability, allowing them to support increased rates of prospecting strategies
and new organizational forms.

Complementary, Uli (2018) states that incumbents (in particular market leaders) may
face challenging decisions regarding high investments in radical innovations. It occurs because
of the uncertainty about the economic returns, which usually happens when the innovation
gathers support among the mass market.

Nevertheless, introducing new technology is insufficient to substantially change the
balance existing within a sector until those technologies cause industry shifts which can make
obsolete the dominant business model used by the incumbents (Uli, 2018).

Besides, new technologies may make obsolete their business partners' current resources
and capabilities and displace existing consumers, becoming a major adaptation problem for
highly vertical integrated firms (Afuah, 2001). In these cases, the market leaders may decide
not to shift their financial resources to develop risky, radical innovations that probably will not
instantaneously satisfy their large customer base, which can lead to the phenomenon of rational
inertia (Robertson and Langlois, 1994).

Yet, according to Lewin et al. (1999), society creates structures and institutional
arrangements, such as political institutions and corporate governance systems, reflecting the
unique enactment of the nation’s culture, values, and history, legitimizing particular business
systems. These national institutions, with their particular historical, technical, and cultural
patterns, affect and lead to different corporate governance structures, patterns of investments,
and R&D activities. Therefore, Lewin et al. (1999) state that specific institutional system both
enables and restricts the adaptation and development of organizational practices forms within
individual national states. These institutional systems are the basis for the expectation of
differences in organizational forms, managerial practices, and performance measures across
countries and for equifinal adaptation outcomes over time. In this regard, the authors also
present an analysis comparing the institutional context of Germany, Japan, and United States

and their respective implications for the management practices and strategic orientations.
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2.3.2 — Co-evolutionary patterns

Later, Lewin & Volberda (2003) identified four engines that drive specific co-
evolutionary patterns (Naive selection, Managed selection, Hierarchical renewal, and Holistic
renewal). For each of these patterns, the authors state how and why selection and adaptation
happen, highlighting the role of managerial intentionality, the type of co-evolutionary journey,
the roles played by different management levels (top, middle, and front-line), and the outcomes
of co-evolution. Besides, each engine is rooted in certain strategy and organization science
theories.

As the individual firm's capacity for renewal and change is a key element to survive and
overcome the structural inertia and resistance to change, Volberda &Lewin (2003) state that
three general high-order principles of self-renewing organizations exist that must be present to
enable managerial routines and capabilities. These three principles involve strategy, structures,
processes, and leadership, as follows:

o The principle of managing internal rates of change — In this principle, self-renewing
organizations develop routines, capabilities, and measures which monitor changes in all
aspects of their environment (competitors, customer expectations, regulations) and modify the
related internal processes to match or exceed these rates;

o The principle of optimizing self-organization - is how organizations try to find fitness in
the rugged landscape. It usually has a loose central control that develops corporate values and
policies that guide the decision-making process. Having as an assumption the belief in the
local rationality of individuals and units, it delegates decision-making to the lowest possible
level, and it implies maximizing capabilities of scope at every level of the organization. Also,
process controls are substituted by outcomes controls;

e The principle of synchronizing concurrent Exploration and Exploitation. — this kind of
organization tries to balance concurrent innovation and knowledge creation (Exploration)
with improvements in productivity, process improvements, efficiency, and product extensions
and enhancements (Exploitation), operating them simultaneously. There must avoid the
pitfalls related to the preference for short-term exploitation improvements (that can enhance
short-term performance at the expense of reduced flexibility, which is important for long-term
outcomes) or over-sensitivity to short-term variations, which can lead the organization to
become too responsive to any change in the environmental signals, resulting in a chaotic

organization.
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2.3.3- Studies using the co-evolution theory

The literature review on co-evolution theory was first developed through a search in the
EBSCO search database using the keywords “co-evolution”, ‘“coevolution”, and
“coevolutionary” in the title and abstract. The search was restricted to articles published from
1999 to December 2022. Nevertheless, the search outcome resulted in a large number of articles
(32.967), of which the majority were related to other fields of knowledge (particularly biology),
while just a relatively small number were related to the Business Administration field. Thus, a
snowball technique was used to identify literature aligned with the aim of the research, resulting
in thirteen (13) articles identified. Follows the main contributions identified.

Most of the co-evolution theory studies have explored the connection between
environmental changes and organizational transformations (M.-L. Djelic & Ainamo, 1999;
Huygens, Baden-Fuller, Bosch, 2001; Lampel & Shamsie, 2003; Rodrigues & Child, 2003;
Webb & Pettigrew, 1999). Other authors addressed aspects such as absorptive capacity
determinants (Van Den Bosch et al., 1999); strategic renewal of incumbents firms in the
financial industry in Europe (Flier et al., 2003b); attempt to understand of how transaction costs
and capabilities combine to determine vertical scope (Jacobides & Winter, 2005); a description
of the role and characteristics of strategic assembly in the construction and management of the
global multi-business firm (Koza et al., 2011); the political power as an evolutionary driver
(Child et al., 2012); the use of nanoeconomics analysis combined with historical methodology
and quantitative empirical analysis through a study of co-evolution (Braguinsky & Hounshell,
2016) or examine the evolution of a specific industry (automotive industry in Brazil) and its
key drivers (Duarte & Rodrigues, 2017).

The environmental changes' role on firms has received attention from many studies. The
following ones can be highlighted.

In a longitudinal study of the financial sector in three countries (United Kingdom,
Netherlands, and France), Flier et al.(2003) addressed how incumbents firms renew themselves
to adapt to their environments. At the industry and country level, the impact of technological
innovations and changes in the European Union regulations was considered to identify selection
pressures and the importance of country institutional effects. The authors concluded that
incumbents prefer exploitation renewal actions, where the country's institutional environment
appears to explain to what extent these firms prefer internal and/or external renewal actions.

The M. L. Djelic & Ainamo (1999) study explored the connection between
environmental changes and organizational transformations encompassing the luxury fashion

industry in three countries (Italy, France, and the USA). The authors state that pioneer firms
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developed organizational solutions that were affected by constraints and opportunities defined
by each particular national environment. These organizational solutions became
institutionalized, affecting the industry and individual organizations by creating new
opportunities and constraints. Therefore, a process of co-evolution was identified between the
environment and the industry, where the different solutions adopted varied significantly across
countries due to historical legacies and institutional constraints.

Rodrigues & Child (2003) study addressed how co-evolution takes place in the Brazilian
telecommunications sector, a highly institutionalized environment.

Dieleman & Sachs (2008) study identified the co-evolution process between an
individual company (the Salim Group) and the institutions (Indonesia) when the country was
under the Suharto president’s rule, which lasted for 31 years. In this study, the authors
(Dieleman & Sachs, 2008) proposed that a single firm can manipulate its environment through
managerial actions that address not only its own organizations but also the environment. The
authors advanced the concept proposed by Rodrigues & Child (2003), according to which there
are circumstances a sole individual firm has the conditions to influence the sector conditions:
when the firm is a dominant player in the market or the firm becomes a leader in innovation
and/or quality of its policies and practices. In these circumstances, the firm's senior executives
can take part if networks link them to decision-making power (Clegg, 1989).

Therefore, the literature review did not identify any specific study using the co-evolution
theory that investigated how innovation capabilities' development evolves, particularly how
changes in the Institutional level affect the firm’s Innovation capability.

The main contributions to the theory of these studies can be observed in figure 6, where
it is shown, for each study, the main objective, the sector that object of the study, the existence
or not of multi-country analysis, the accomplishment with the methodology requirements
related to the empirical studies in co-evolution, and the conclusion/ contributions to the Theory.
It is important to notice that all studies considered the three levels of analysis (firm,industry

and institutional environment).
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multi- | Accomplishment of methodology requirements for empirical studies
country (Lewin &Volberda, 1999, 2009)
Authors Object of study sector Longitudin | multidirection Mutual, Path Contingent Conclusions/Contribution to theory
al time al (micro x | Lagged and |dependen effects
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. The authors state that Strategic alliances are
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L . embedded in a firm's strategic portfolio and
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. proposed that views strategic Theoretical paper o . .
Lewin(1998) . . institutional, organizational and competitive
alliances in the context of the . .
. . environment, and management intent for the
adaptation choices of a firm. .
alliance.
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determinants: how the knowledge ublishine firms The authors state that Organization forms
environment and how a firm'’s P . g. and combinative capabilities are
Van den bosch, . . moving into . . .
absorptive capacity can be . determinants of absorptive capacity. A
Volberda & L emerging X X . . . .
understood as a joint outcome of . - framework is proposed in which absorptive
Boer (1999) . . multimedia .. .
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environment.
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The results suggest that due to specific
Investigate the impact of CEO country effects, such as long-term
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Table 2 — Main contributions to the theory from the studies that used the co-evolution theory (cont.).
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country (Lewin &Volberda, 1999, 2009)
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firm face in a industry.
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Table 2 — Main contributions to the Theory from the studies that used the co-evolution theory (cont.).

multi- | Accomplishment of methodology requirements for empirical studies
country (Lewin &Volberda, 1999, 2009)
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of strategic assembly in the automotive developed better practices which influenced
12| and Ataay . o X . . .
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15| Hounshell |with historical methodology and industry in Meiji X X X X X industry competition through his
(2016) quantitative empirical analysis Era management ability, becoming a reference
through a study of co-evolution in the industry.
Duarte &  |Examine the evolution of the . The rules of the game arise from
. . . . . Automotive . .
16| Rodrigues |automotive industry in Brazil and its | . . . X X X X X X interdependencies between them and
. industry in Brazil . .
(2017) key drivers different economic sectors.
Source: author.
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2.4 — Regulations and their role in RSE development

The State has the power to selectively help or hurt any industry (Stigler, 1971). Through
the use of regulations, the State can, on the one hand, stimulate a specific industry by developing
regulations that allow the allocation of resources, such as money, and/or, on the other hand, for
those industries where the state wants to limit its growth or even decrease, use the power of
coercing, being able to seize money through the use of taxation (Stigler, 1971). Thus, according
to the co-evolution theory approach, the Institutional Environment level can influence and
promote desired changes at the firm level through the use of mechanisms such as regulations,
rules of making, and governance structure.

In this sense, the concept of “Green Energy Policy” encompasses any policy measure
aimed at aligning the structure of the country’s energy sector with the needs of sustainable
development, having the state an essential role in driving these transformations (Pegels et al.,
2018). Thus, the development of renewable energy policies should be considered one
component of broader policies related to the energy sector, such as fossil fuel subsidies or
carbon pricing mechanisms (REN 21- Renewables Energy Policy Network for the 21st Century,
2018).

Industrial Policy positively influences green Energy Policy in format. However, it has a
significantly broader scope: while Industrial Policy has promoted competitiveness along
established technological trajectories, leaving the technological diffusion to the market, Green
Energy Policy, due to environmental pressures, is a needed tool to establish news paths,
supporting not only innovation in low-carbon technology but also diffusion through the creation
of markets (Pegels et al., 2018).

RSE diffusion faces many barriers to reach a large scale and allows a cost reduction
(Komor, 2004), initially requiring relevant investments in infrastructure and technical
innovations. Although the costs of RSE have been steadily declining and are likely to fall even
faster as a result of economies-of-scale and expected technological progress, the major barrier
is the current cost disadvantage compared to electricity generated from traditional sources of
energy, such as fossil or nuclear fuels (Auer, Hans; Haas, 2016). It also needs to buster
developing a skilled workforce of installers to diffuse these technologies(Hallworth, 2012).

Nevertheless, one convincing argument for supporting RSE is that other energy
technologies have received, in the past, and continue to receive, relevant subsidies from
governments (Oosterhuis, 2001).

One of the very first steps in developing regulations is establishing targets, with many

governments setting ambitious targets and goals to promote electricity generation from RSE in
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recent years (Auer, Hans; Haas, 2016). The targets can also be deployed at the regional, national,
or local levels in many different forms (REN 21- Renewables Energy Policy Network for the
21st Century, 2018).

The target establishment expresses the state's commitment to renewable energy
deployment and can take many forms, such as goals for achieving a specified contribution of
renewable generation or capacity goals for specific renewable technologies. (REN 21-
Renewables Energy Policy Network for the 21st Century, 2018). Most countries’ targets are
related to renewable energy in the power sector, but heating & cooling and transport targets

have also been introduced to a much lesser degree.

2.4.1 — Mechanisms - Supporting RSE strategies

The origin of word “mechanism” came from the Latin word “mechanismus”, which
traces back to the Greek word “mekhane”, meaning “device" or "means.” (Vocabulary.com,
n.d.). Currently, “mechanism” still carries with it the meaning of “device” (“ a part of
a machine, or a set of parts that work together””) but can also describe a process for getting
something done, such as "a mechanism for generating revenue" or "a crisis-resolution
mechanism."(Cambridge dictionary, n.d.). Thus, it can be used to describe a process that has
been set up to accomplish a particular goal. In this sense, the RSE supporting strategies that
national governments created to influence firms and markets to achieve RSE goals can be
considered mechanisms.

Presenting variation variations among them in an attempt to enhance social acceptance
and increase public awareness of RSE, these supporting strategies also improve reliability,
technical performance, and standardization; promote the removal of obstacles to grid
connection, and ensure the growth of the renewable energy industry (Haas et al., 2010)

The energy supporting RSE strategies can be characterized along two regulatory
dimensions (Haas et al., 2010). First, strategies may regulate either the price of renewable
electricity or the quantity produced. Second, strategies may support investment in RES capacity
or directly subsidize generation. The schemes are categorized along these dimensions in Figure

3.
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Table 3: Supporting RSE strategies schemes.

Direct Indirect
Price-driven Quantity-driven
. * Tendering systems for invesments
* Investment subsidies g5y
grants
Investment |* Tax credits * Environmental taxes

* Simplification of authorisation

* Low interest/soft loans procedures

* Tendering system for long term

* Fixed price feed-in tarrifs
contracts

* Connection charges, balancing costs
Generation

* Premium feed-in tarrifs |* Tradable Green Certificate system

Source: Haas et al.(2010)

According to Haas et al.(2010), there are four basic strategies to subsidize or promote RES:

v" Regulatory Price-driven strategies — in this category of strategies, no quantity goals or
targets are established, focusing on providing electricity generators with financial support
in terms of a subsidy per kW of capacity installed or a payment per kWh of energy produced.
This strategy presents some variations, such as:

o Investment-focused strategies where financial support is provided through schemes
such as investment subsidies, soft loans, or tax credits;

o Generation-based strategies offer financial support through a fixed payment or a
premium per unit of energy generated. Under a fixed payment scheme such as feed-
in-tariffs (FITs), generators receive a fixed amount per kWh generated regardless of
the costs of generation or price. Conversely, a fixed amount is added to the
electricity price under a premium scheme.

v Regulatory quantity-driven strategies — in this category, strategies are based on a
government decision on the desired generation level or market penetration of electricity
from different RES. The price is, in principle, set through competition between generators.
Under these schemes, a desired quota or goal is established to be accomplished within a
target date, stimulating the market penetration of RES. Examples include:

o Tendering or bidding schemes call for tenders to acquire specific amounts of
capacity or generation from specified types of RES. Competition between bidders
leads to the winners of contracts which will receive a guaranteed tariff for a specified
period.

o Tradable certificate schemes. These schemes typically obligate one or more parties
involved in the electricity value chain, such as generators, wholesalers, distribution

companies, or retailers, to acquire a certain percentage of electricity from RES in
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their energy mix. Most schemes allow parties to trade certificates to demonstrate
compliance, and the market determines the prices. Certificates can be obtained from
their own renewable electricity generation; by purchasing certificates from other
generators or third parties without purchasing the actual power from a generator or
broker.

Still, according to Haas et al. (2010), there are also other strategies that may have an
indirect impact on the spread out of RSE, such as eco-taxes on electricity produced from non-
RSE (like carbon taxes), CO2 emission permissions or removal of subsidies to fossil and
nuclear generation. Moreover, due to the intermittent nature of RSE, particularly relevant is the
creation of schemes that aim to facilitate the RSE connection into the existing grid system.

At last, this interaction of energy policies, cost reduction, and technology development
led the Policymakers to continue to adjust market and regulatory environments through the
introduction of mechanisms to accelerate investments, innovations, and friendly environment
solutions (REN 21- Renewables Energy Policy Network for the 21st Century, 2018). Besides,
according to Vazquez & Hallack (2018), regulatory learning is a dynamic process,
encompassing the comparing the results achieved from implemented Energy policies with the
established targets, leading to continuous analysis of the effectiveness of the mechanisms used

by providing feedback that allows the evaluation and adjustment of supporting RSE strategies.

2.5 — Theoretical Proposition

The Electricity utility industry is dependent on influence from the state: the firm’s
business model configurations are highly dependent on the national context in which they are
situated (Strupeit & Palm, 2016), being sensible to influences from policymakers.

According to G. Fuchs (2014), the Electricity utility industry is resistant to sudden
changes or reorientations and has evolved slowly over time. Changes have been a result of
external events such as the Oil crisis in 1971/1979, the Chernobyl (1986) and Fukushima
(2011) nuclear accidents that resulted in critical attitudes towards nuclear energy in many
countries, and the liberalization of electricity markets in the 1990s. Besides, in the 1990s
decade, an increasing concern about the effects of Climate Change (global warming) the
emergence of new technologies, led governments to set new regulations related to
environmental concerns.

According to Jacobsson & Lauber (2006), the constitution of regulatory frameworks is
pointed out as a central driver of the energy transition to a low-carbon economy. Among the

regulations, can be highlighted those related to environmental concerns, aiming to increase
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RSE generation (Haas et al., 2010; Haas, Panzer, et al., 2011; Haas, Resch, et al., 2011), the
reduction of GHG emissions and the increase of the Energy Efficiency.

The need to accomplish these regulations can lead firms to search for and develop new
technologies, such as those related to RSE development, smart grids, and energy storage. In
particular, the development of photovoltaic technology (PV) is potentially disruptive to the
established modes of electricity generation and delivery (Schleicher-Tappeser, 2012),
allowing the emergence of the DG (Pepermans et al., 2005), which has the property of
electricity generation in small-scale units close to the point of consumption, with a potential
for disrupting the current energy system (Foxon et al., 2005; Richter, 2012). Thus, these
Innovation initiatives can be in line with the concept of radical innovation or Exploration
(Benner & Tushman, 2003).

Therefore, the Innovation capability concept proposed by Peng et al. (2008), which is
related to radical large-scale process changes through new knowledge requiring very different
processes and resources configurations, seems to be particularly adequate to be used in the
Electricity utility context, being able to capture the Innovation developments.

In this direction, Lewin & Volberda (1999) recognizes the role developed by Exploration
in the firm’s Wealthy creation process (figure 5), leading firms to achieve adaptations that can
create above-average returns in the long term and be a source of competitive advantage. In the
Exploration process, a crucial role is performed by knowledge: according to Lewin & Volberda
(2003), knowledge is the crucial inimitable strategic resource of the firm, leading firms to
maximize knowledge creation and integration.

The routine approach to capability is highly in line with the importance of knowledge as
a source of competitive advantage. Routines are associated with knowledge storage, being the
routinization of activity the most important form of storage of the organization’s specific
knowledge (Nelson & Winter, 1982), and in particular, tacit knowledge. This concept is shared
with Peng et al. (2008), who state that routines are embedded in the dynamic interaction of
multiple knowledge sources, being more firm-specific and more challenging to transfer,
allowing the firm to achieve a competitive advantage.

At last, Peng et al. (2008) state that the routine approach to capabilities allows the
identification of the specific routines that compound them, leading to deepening the study of
possible paths in capabilities creation. The capability features of social complexity and causal
ambiguity are related to the history of how it was developed and accumulated. This
understanding seems to be in line with the co-evolution property of path dependence, where

decisions made in the past help to understand current and future developments.



53

Thus, we argue that a co-evolutionary approach is needed to understand better the
dynamics of interactions between the Legal framework from the Institutional environment
level and the Innovation capabilities at the firm level, leading to developing the following

proposition.

Proposition - The interplay between Energy Legal Framework (regulations and policies) and
the firm's Innovation capability development co-evolve over time, following the properties of
co-evolution theory (multi-levelness and embeddedness, multi-directional causalities, non-

linearity, positive feedback, path, and history dependence).

Figure 6 shows a schematic perspective of the proposition.

Figure 6 - The schematic perspective of the proposition.
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Source: The author

The co-evolution properties in the context of the proposition are better described in
table 4. It is expected that relative national differences in the Institutional environment level
may explain the differences in the firm’s Innovation capability development.

Besides, we expect, because of the exploratory approach of the research, that some
theoretical propositions may arise and be suggested, which will be addressed in Section 5 —

Discussion.
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Table 4 — Co-evolution properties detailed description.

Properties

Definition (Lewin&Volberda,1999)

Proposition

Multilevelness and

Coevolutionary effects occur at

It is considered the existence of diverse levels of co-

Embeddedness multiple levels within firms, evolution:
considering the co-evolution of intra- | i) Macro co-evolution - Between the Innovation
firm resources, capabilities, and capability, at the firm level, and the Energy Legal
competencies. (micro co-evolution) Framework (Polices and Regulations) at the
and between firms, their environment |Institutional environment level.
and their niche (macro co-evolution). [Ii) Micro co-evolution - Between the Innovation
capability and the Strategy, at the firm level.
Multidirectional There is co-evolution of organizations |It is considered that the Firm's Innovation capability
causalities and their parts in a changing development may exert influence on external actors.
organizational environment, in which |These external actors may also influence the Firm's
any changes that occur in all interacting|Innovation capability development.
populations are driven by mutual direct
interactions and feedback from the rest
of the system.
Nonlinearity Changes in one variable can influence |Itis considered that the Firm's Innovation capability
quite counterintuitive changes in developmen may led to firms acquisitions.
another variable in non-linear feedback
among related populations.
Feedback Organizations can influence their It is considered that internal and external feedback

environments and, in turn, be
influenced by the behaviour of other
organizations, leading to
interdependencies and circular
causality.

as mechanisms to demonstrate Innovation capability
development.

While external feedback come from Institutional
Environment level, internal ones emerges from the
firm's Strategic decisions.

Path and history
dependence

Current position of a firm may be
explained by their past decisions and
challenges, and can lead to a resistance
to change.

It is considered the search for situations where the
set of decisions one faces for any given
circumstance is limited by the decisions one has
made in the past, even though past circumstances
may no longer be relevant, leading to a resistance
to change, and a reluctance or inability to invest in
forward-thinking innovations.

Source: Author.
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3 - RESEARCH METHODOLOGY

It was developed a qualitative study based on multiple case studies (Yin, 2014) in an
attempt to explain how the development of innovation capabilities occurs through the lens of
the co-evolution theory, based on a “how” question (Barratt et al., 2011), allowing to confront
the existing theory, enabling its validation or refutation (Handfield & Melnyk, 1998).

Multiple case studies can enhance the external validity and reduce observer bias (Voss
et al., 2002), being more robust, generalizable, and testable than single-case research
(Eisenhardt & Graebner, 2007). Besides, multiple case studies have been more used in the
inductive way (Barratt et al., 2011), helping to build or extend theories (Eisenhardt &
Graebner, 2007; Yin, 2008).

The multiple case study is structured in a research protocol to ensure accuracy and
reliability (Eisenhardt, 1989, 1991; I. Stuart et al., 2002). The protocol has the following
steps: Purpose of the research, definition of the research question; case selection; data

gathering; data analysis and dissemination of results (appendix 1).

3.1 — Analysis Unit and Case selection

In case studies, the data should be collected in levels that are interrelated (Embedded
unit of analysis) according to the research subject (Yin, 2016).

In this study, the objects of study are firms selected from the Electricity utility industry
in Brazil and France, countries that have been experiencing a considerable increase in the use
of RSE (EU-power-sector-report, 2017). In this regard, these countries have profound
differences in their Legal framework that can be considered polar cases because they present
sharply contrasting characteristics (Barratt et al., 2011).

Therefore, using the co-evolution theory, it is proposed that there is an Interplay between
the Energy Legal framework (Institutional environment level) and the firm’s Innovation
capability, at the intra-firm level, which follows the co-evolution properties. Thus, the
Institutional environment level is the broader level of data analysis, the firm is the intermediate
level of data analysis, and the firm’s Innovation capability is the narrower level of data analysis.

It was selected one firm considered representative of each national setting (France and
Brazil). According to Rodrigues & Child (2003), in a study of the co-evolution in a highly
institutionalized sector (telecommunication sector in Brazil), there are circumstances a sole
individual firm has the conditions to influence the sector conditions: when the firm is a

dominant player in the market, or the firm becomes a leader in innovation and/or quality of its
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policies and practices. Therefore, the criteria used was the relative importance of the firm in the
market or the firm reputation regarding innovation in the National Electricity utility industry.

In Brazil, exploratory interviews were carried out with two executives of the
Electricity utility industry to identify the firms’ reputation regarding Innovation. It was also
identified the most relevant firms in the industry, considering its presence along the diverse
activities of the Electricity value chain and the respective market share.

Therefore, the firm selected in Brazil is recognized as one of the leaders in Innovation
and research in the Electricity utility industry and is present in three out of four activities of
the Electricity value chain, being the market leader in one of them.

The names of the selected firms were coded (Alpha in France, and Beta Energia, in

Brazil), to ensure the confidentiality of the information.

3.2 — Data gathering

The primary source of data was the document analysis method, which has as its main
functions the possibility to provide background information as well as the historical context;
provide insights about additional questions to be asked; provide supplementary data; provide
means of tracking change and development; and verification of findings from other sources.
These characteristics turn the document analysis method particularly applicable to qualitative
case studies (Yin, 2014). It also offers the possibility of data triangulation when others sources
of data gathering are available (such as interviews). Triangulation is a technique that pursues
the increase of research credibility through the examination of information collected from
different methods, leading to possibly corroborating findings and thus reducing the impact of
potential biases in the study (Bowen, 2009).

The document analysis method also allows the accomplishment of an essential
characteristic of co-evolutionary studies: their historical approach (Lewin & Volberda, 1999).
The historical approach identifies how disruptive events can affect the industry and the
regulatory environment, leading to a reconfiguration at the different levels of analysis (micro-
evolution, meso-evolution and macro-evolution). The analysis of microstate adaptation data
sequences can help to identify these disruptive events, which may include product changes or
new product developments, strategic adaptations (mergers, acquisitions, divestitures,
greenfield investments), strategic partnerships and alliances, changes in organization design
and IT implementation events.

The combination of these disruptive events with other events at the meso and macro

levels, such as regulatory changes, technological innovations, and demographic changes, can
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establish the necessary environmental conditions where the co-evolution can take place and
makes it possible to characterize this environment as a system where all these levels of
evolution occur (Lewin & Volberda, 1999).

The documents used in the document analysis method were the annual firm reports
issued between 2005 and 2021 and available to download on each firm’s website. As both
firms have stocks traded in the Stock markets of Sao Paulo (Brazil) and Paris (France), the
information released in these documents must be veracious and trustful, being subject to laws
to protect the shareholder’s interest, such as the Sarbanes-Oxley. Table 5 shows the list of
reports used in the Alpha case study and Table 6 shows the reports used in the Beta Energia

case study.

Table 5 - Alpha's case study - List of documents used.

Year Code of Name of document
document

2005 Al 2005 Document of Reference

2006 A2 2006 Document de Reference

2007 A3 2007 Reference Document

2008 A4 2008 Reference Document

2009 A5 2009 Reference Document

2010 A6 2010 Reference Document

2011 A7 2011 Reference Document

2012 A8 2012 Reference Document

2013 A9 2013 Reference Document

2014 Al0 2014 Reference Document

2015 All 2015 Reference Document

2016 Al2 2016 Reference Document

2017 Al3 2017 Reference Document

2018 Al4 2018 Reference Document

2019 Al5 Universal Registration Document 2019

2020 Al6 Universal Registration Document 2020

2021 Al7 Universal Registration Document 2021

Source: author.
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Table 6 - Beta Energia's case study - List of documents used.

Year Code of Name of document
document

2005 BE1 Relatorio Anual 2005 X Energia

2006 BE2 Relatorio Anual 2006 X energia

2007 BE3 Relatorio Anual de Sustentabilidade 2007

2008 BE4 Relatorio Anual de Sustentabilidade 2008

2009 BES5 Relatorio de Sustentabilidade 2009

2010 BE6 Relatorio de Sustentabilidade 2010

2011 BE7 Relatorio de Sustentabilidade 2011

2012 BES8 Relatorio de Sustentabilidade 2012

2013 BE9 Relatorio de Sustentabilidade 2013

2014 BE10 Relatorio de Sustentabilidade 2014

2015 BE11 Relatorio de Sustentabilidade 2015

2016 BE12 Relatorio de Sustentabilidade 2016

2017 BE13 Relatorio de Sustentabilidade 2017

2018 BE14 Relatorio de Sustentabilidade 2018

2019 BE15 Relatorio de Sustentabilidade 2019

2020 BE16 Relatorio de Sustentabilidade 2020

2021 BE17 Relatorio de Sustentabilidade 2021

Source: author.

It was also used relevant secondary data (e.g., website information) to complement and
validate the information gathered in the document analysis.

The research also used interviews to collect data. In this regard, it is essential to
highlight that, unfortunately, after several attempts with Alpha’s executives, including formal
invitations, it was communicated that due to the work overload caused by the pandemic and
that Innovation is a very strategic and sensible subject to the firm, it was not possible to
conduct further interviews with the executives. Therefore, the Alpha case study relies solely
on the document analysis method and the data triangulation process was affected.

Nevertheless, the use of documents in case study proved to be a powerful tool, in
special its usefulness as a standalone method for specialized forms of qualitative research,
such as for historical and cross-cultural research (Bowen, 2009).

Conversely, at the selected firm in Brazil, the executives were formally invited and
accepted to participate in the research (Appendix 2). They signed the Interview consent form
(Appendix 3), which it was guaranteed individual data confidentiality and the consent to

record.
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A Semi-structured questionnaire was created based on the theoretical review
performed, where the Innovation capability concept was selected (Peng et al., 2008) through
the lens of co-evolution theory, where a historical perspective was considered. The goal of
the questionnaire was to guide the interview, assisting the researcher in covering all relevant
issues. Next, the proposed questionnaire was submitted for validation with academics of
operations management and Electricity utility industry professionals to ensure that it was
adherent to the theme and context studied (Yin, 2014). The main suggestions received were to
limit the number of questions, to avoid turning the questionnaire very long, and to rewrite
some questions to guarantee that they are easily understandable by the respondents.

Semi-structured interviews were conducted to explore new aspects according to the
respondent’s answers (Barratt et al., 2011). Most of the questions were open, using the words

“how” or “describe”, requiring the respondent to develop the answer (Yin, 2008). The
questionnaire is available in Appendix 4.

A total of six interviews were carried out at the selected firm in Brazil, lasting from 45
to 130 minutes, and on average, they were 60 minutes long. All the interviews were conducted
online and recorded with previous authorization, and subsequently transcribed for use as
sources of analysis.

The transcripts were produced as close as possible to the actual interviews by outsourced
capable professionals. That allowed the analysis to happen in parallel with the other interviews
(Eisenhardt & Graebner, 2007; Miles, M. B., Huberman, A. M., E Saldafia, 2013; Yin, 2014).

All information was uploaded to Atlas TI software version 22 to encode and allow the
data analysis.

Table 7 summarizes the information related to professionals who were interviewed,
describing the name used during the analysis to identify the information presented, the Business

Unit, the department, the position, and the time at the firm.
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Interview Responden Time at the
Interview date length p(t) Business Unit Department Position firm
(minutes)
1] 30/07/2021 66 Al holding Innovation Innovation and 25 years
04/02/2022 47 Disruptive manager
2| 14/07/2021 65 A2 Beta Energia Innovation, Innovation 11 years
Research & coordinator
17/12/2021 60 Development
31 11/01/2022 55 A3 Beta Energia | Regulations and Regulations and 4 years
Investors Institutional
Relations Relations
coordinator
4| 14/01/2022 71 A4 Beta Energia Innovation, Innovation and 21 years
Research & R&D analyst
Development
5| 13/01/2022 45 AS Beta Energia Market Senior analyst 5 years
Intelligence and
Marketing
6| 01/02/2022 51 A6 holding Innovation Innovation analyst 2 years
11/02/2022 79

Source: Author.

The data triangulation process (Yin, 2014) was carried out through the documental

analysis and secondary data (e.g., website information) analysis, to complement and validate

the information gathered during the interviews.

3.3 Data analysis

The data analysis process follows the within-case and the cross-case steps analysis.

While within-case is usually applied to analyze internal details and to identify patterns of each

case from a big volume of data, cross-case analysis refers a comparison of case pairs by

contrasting similarities and differences between them (Eisenhardt, 1989; Eisenhardt &

Graebner, 2007; Yin, 2008)

In the Within-case analysis, the data analysis gathered from interviews was performed

based on the reduction and analysis of data in a process called encoding.

The encoding process consists in assigning codes to the descriptive or inferred

information gathered in a study, which is represented symbolically as a phrase or word that

refers to the original idea (Miles, M. B., Huberman, A. M., E Saldafia, 2013). It aims to detect

patterns, categorizations, theory generation, and other analytical processes by assigning

meanings interpreted by the researcher.
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The encoding process is recommended to be carried out in two steps: 1) The first step
analyzes the raw data and aims to reduce the data, using two possible approaches: the
inductive or the deductive approach.

In the first step of the encoding process, the deductive approach was used, where the
initial list of codes used was based on an initial conceptual model, a list of research questions,
hypotheses, or variables. Specifically, the Innovation capability concept proposed by Peng et
al. (2008) was used, where each Innovation routine (Search for new technologies, Processes
and equipment development, Cross-functional product development) was associated with a
specific code.

The second step of encoding consisted of identifying codes that emerged from the data,
where it was used the inductive method, which was followed by a new cycle of encoding,
aiming to group the codes into smaller categories representing themes and constructs (Miles,
M. B., Huberman, A. M., E Saldana, 2013). The data analysis process followed the steps
detailed in Table 8.

Table 8 - Encoding analysis protocol.

Item Step

Literature Review: Based on a review of the literature, it was selected the
Innovation capability concept proposed by Peng et al. (2008). Codes have

1 |beenassociated for each routine of the Innovation capability concept
(Search for new technologies, Processes and equipment development,
Cross-functional product development).

Coding based on Literature: The codes defined in item 1) were created in
the Atlas TI software and the data were coded accordingly.

Additional coding: throughout the process of analysis and understanding of
3 |the case, additional codes were created that were relative to the observed
events, such as: Acquisitions, partnerhsips, Distributed Generation, etc.

Grouping of the Codes: the codes created in item 3 were grouped

4 according to the objective of the research.

5 Linking with the Innovation capability: the codes created in the groups of
item 4 were linked with the Innovation capability concept.

. Consistency with the literature: the result of the analysis was contrasted

with the literature to ensure its consistency.

Source: Author.
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Subsequently, a cross-case analysis was performed. Cross-analysis minimizes the risk
of bias or false conclusions by looking at data from different angles (Eisenhardt, 1989). Thus,
it was first analyzed and compared the main findings of each case study. Following, the codes
that emerged in the Beta Energia case study were analyzed to identify if they adhere to the
Alpha case study.

The study also applied several measures to ensure the rigour and credibility of data

collection and analysis of the findings, as shown in Table 9.

Table 9 — Trustworthiness of the study and the findings.

Trustworthiness criteria Study method
Use of the research protocol and definition of
questions based on the literature.

Extent to which the results appear to be

acceptable representations of the data.  [Nfain findings were presented to receive respondents’
feed-back and validation.

Credibility

Sample of firms came from two different national
environments.

The cross-case analysis was developed aiming to
allow the generalization of the findings.

Extent to which the findings from one
Transferability |study in one context will apply to other
contexts. It was developed a framework, based on theory and
multiple-case study to allow theoretical
generalization.

Respondents recounted experiences related to the
phenomenon studied.

Extent is unique to time and place; the

Dependability " i ) More than one respondent answered the
stability or consistency of explanations. questionnaire.
Data triangulation carried out (Brazil case study).
Extent to which interpretations are the Multiple data sources (Brazil case study).
Confirmabili results of the participants and the : : :
onfirmability phenomenon, as opposed to reseacher Main findings were presented to receive respondents’

biases. feed-back and validation.

Source: Author based on Flint et al. (2002) and Kaufmann & Denk (2011).

The data triangulation process (Yin, 2014) was carried out through the analysis of
documents collected from each Electricity utility firm to get a more general picture of the

industry in analysis.
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3.4 - Dissemination
The main outcomes of the Beta Energia case study analysis were presented in a
meeting in August 2022 to the interviewers available to disseminate the knowledge, validate

the findings and receive feedback.
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4 - THE MULTIPLE CASE STUDY

This chapter presents the analysis and results of the multiple case study of the electricity
sector in France and Brazil. It is divided into three sub-sections. First, a brief introduction to
the Electricity Utility industry is presented, followed by the presentation of within-case and
cross-case analysis.

Figure 7 shows the structure of Chapter 4.



Figure 7 - Chapter 4 structure.
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4.1 - The Electricity utility industry

Electricity is delivered to consumers through a network, generated at power plants, and
moves through a complex system (the grid) of electricity substations, transformers, and power
lines connecting electricity producers and consumers. Most local grids are interconnected for
reliability and commercial purposes, forming larger, more dependable networks that enhance
the coordination and planning of electricity supply.

According to Ferrari and Giulietti (2005), electricity production can be divided into four
different activities: Generation, Transmission, Distribution, and Supply. The -electricity
generation activity is executed by power plants that generate electricity delivered to customers
through two types of electricity networks: transmission and distribution. While the transmission
electricity activity consists of a network of high-voltage transmission lines, which carry
electricity over long distances to meet customer needs, the distribution networks run at lower
voltages and take electricity from the transmission system into consumers (homes and
businesses). At last, the Supply activity is responsible for metering and billing the customers.

Traditionally, the vertically integrated company, also called the “electricity utility firm”,
generates its own electricity, moves that electricity over its own transmission lines within its
geographic service area, and then delivers the power to its customers using its distribution lines.
The electricity utility firm usually has its prices, investments, and business practices tightly
regulated by government regulations (Burger & Luke, 2017). Figure 8 gives a better view of

the activities of the vertically integrated utility firm.

Figure 8 - The transmission electricity network.
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Aiming to enforce competition and reduce the market power of these highly vertically
integrated Electricity utility firms, in the 1990’s many countries developed regulations
promoting the deregulation of electricity activities, where a different company can perform each
activity of the electricity value chain: United States of America approved in 1992 the Energy
Policy Act (EPAct) (Cohen & Paroma Sanyal, 2008), the European Union issued the EU
directive 96/92 (Ferrari & Giulietti, 2005), and Brazil started a privatization program of its
Electricity utility industry, focusing on the Electricity Generation and Supply activities (Leme,
2009). Besides, price regulation was removed or substantially loosened in some activities.

This process allowed the emergence of supplier firms that buy energy in bulk in the
wholesale market, pay fees for the transmission and distribution services and sell the energy to
customers (Figure 9). Therefore, customers can choose any supplier to provide them with

electricity.

Figure 9 - The Deregulated electricity sector with Supplier firms.
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4.2 - Within-case analysis

This section presents the within-case analyses of the two case studies: Alpha firm in
France and Beta Energia in Brazil. It starts with a brief report on the national electricity industry
and a presentation of the firm’s story. Following the co-evolution theoretical perspective and
the derived theoretical proposition (figure 6, Chapter 2), each case study's analysis was carried

out at the Institutional environment, firm, and intra-firm levels considering a period of 16 years
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(from 2005 to 2021). The analysis is divided into three steps, following the concept of the
Embedded unit of analysis described in Chapter 3 — Methodology (table 4).

First, at the Institutional environment level, the main regulations related to the electricity
sector were examined and how they evolved over the years. These regulations addressed the
openness of the electricity market to competition, the reduction of greenhouse emissions (CGH),
the need to increase the use of RSE’s, and the increase of electricity energy efficiency.

Second, a documental analysis of the firms’ official reports (and also interviews in the
Beta Energia case study, in Brazil) was developed at the firm level. Thus, based on the
information collected, the analysis focused on how the firm’s strategy evolved, mainly aiming
to identify if changes at the environmental level triggered any changes in the firm strategy.

In the third step, it was carried out a yearly analysis of the changes in the firm's R&D
Department goals and priorities, aiming to identify if changes in the firm’s Innovation capability
were triggered by changes at the Institutional environment level and/or changes in strategy.
The initiatives developed by the R&D department were analyzed, looking for those related to
radical innovation as a proxy to the Innovation capability. The Innovation initiatives developed

by subsidiary firms when they existed were also considered.

4.2.1 — Alpha case study

This section presents the Electricity utility industry in France, a summary describing
Alpha’s firm history, followed by a within-case presentation and analysis. In this regard, it was
possible to group the analysis into five periods: 2005, 2006-2008, 2009-2010, 2011-2014, and
2015-2021.

a) Electricity utility industry in France
This section describes the Electricity utility industry in France, highlighting its main
aspects by activity (generation, Transmission, Distribution, and Supply). Figure 10 shows the

main firms in the French electricity value chain.
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Figure 10 - Major firms in the French electricity value chain.
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1) Generation activity: Alpha was responsible for around 90% of the generation in 2020. Other

firms presented in the generation activity in France are CNR (Compagnie Nationale du Rhone),

with about 4% of the market, Total Direct Energie (formerly Direct Energie), ENGIE and E.ON.

In 2005, nuclear generation represented 78% of all energy generated in France, while thermal

and hydro generation represented around 10% each. Figure 11 shows the nuclear generation

dominance in France over the years (IEA data and statistics France 2019, n.d.).
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ii) Supply activity: Since the complete opening of the electricity market on July 1%, 2007, all
French consumers may choose their electricity supplier. The historical incumbent energy
suppliers (Alpha and small local firms) dominate this sector, selling 91% of the quantities
delivered to end-users. Alternative energy suppliers exist but are still marginal. Only historical
suppliers can offer contracts with regulated tariffs (determined by the government). Otherwise,
all the suppliers must compete with market offers, where the prices are freely determined

through bilateral negotiations between the supplier and the customer.

1i1) Transmission activity: Following European directives aiming the openness of the electricity
market to competition and reduce the power of verticalized firms, France implemented in 2004
the regulations setting that public transmission firms must be different from generation or
supply firms. In response, Alpha transformed its Transmission Division into Alpha-TRA, a
limited company. In 2017, it was sold 49,9% of Alpha-TRA’s share, leaving Alpha with the
remaining 50.1%. Alpha-TRA owns and operates the transmission grid, been responsible for
operating, maintaining, and developing the high and extra-high voltage grid as the
concessionaire chosen by the government. Alpha-TRA guarantees the grid’s reliability and
proper operation, which must be managed in a neutral, fair, and non-discriminatory way for all

users.

iv) Distribution activity: The distribution of electricity in France is performed under the public
service concessions regime or, more rarely, under direct management by the local authorities.
Having changed its name in 2016 to Alpha-DIS, it is an Alpha subsidiary that operates 95% of
the distribution system in France when it considered aspects such as the length of networks,
billed energy, and several clients. Non-nationalized distributors operate the remaining 5% of
the distribution system, called local distribution companies (enterprises locales de distribution,
or ELD). Customer choice for energy supply is not an option in these areas. There were in 2017

about 100 ELDs in France in about 2,500 municipalities.

b) Alpha firm history
Alpha was created in France in 1946 by nationalizing the electricity and gas sectors,
being initially dedicated to fossil-fired and hydropower generation. In 1963, due to the French

State’s decision to guarantee France’s independence in the energy sector through nuclear power,
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Alpha launched the first commercial-scale nuclear generation unit. Figure 12 shows a timeline

showing the main events in the Alpha life from 1946 to 2021.

Figure 12 - Main Alpha’s events since 1946.
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¢) Periods analysis

It was carried out a year analysis of the changes at the Institutional environment level
and of the evolvement of the firm's Strategy and the R&D Department goals and priorities,
aiming to identify how the firm addressed the changes at the institutional level. This analysis
led to group into five periods of analysis (1992-2006, 2007-2008, 2009-2010, 2011-2014, and
2015-2021). Therefore, the first period comprehends the main regulations issued between the
ECO-Rio United Nations conference about Environment and Development (1992) and 2005
(French LPOPE Law in 2005 and deployments in 2006), and the firm’s strategy and the R&D
department goals and priorities in the period of 2005-2006. The second period starts in 2007
with the discussion of the European 2020 Climate package (also called 20/20/20 because it set
targets of a 20% reduction in GHG emissions, an increase of 20% in RSE, and an increase of
20% in energy efficiency), until the discussion of the Le Grenelle de L’environment (French
environment policy), in 2008. The third period starts in 2009, with the deployment of the
European Climate Package into the French National settlement (the adjusted French targets
were 14/20/23), until 2010, when it was established the French National Renewable Energy
Action Plan (NREAP) and the Le Grenelle de L’environment II policy. The fourth period starts
in 2011, when it was released a new Strategic Vision and R&D department goals and priorities,
until 2014, when it was set a new 2030 Energy EU Climate Package (40/27/27). The fifth period
starts in 2015, with the Conference of Parts (COP) 2015 in Paris, until 2021.

c.1) Period 2005-2006

In this section, the study approaches the period between 1992 and 2006, characterized
at the Institutional environment level by the emerging awareness about climate change and its
effects (ECO-Rio United Nations conference about Environment and Development in 1992,
French LPOPE Law in 2005 and deployments in 2006), and the start of the market openness in

electricity in the European Union market.

i) Institutional environment level

The Institutional environment is divided into three sublevels: the world, where the
United Nations coordinates actions, the European Union, and France’s national regulations. The
French environmental legal framework is substantially influenced by EU law as legislation
consists, to a certain extent, of transposed EU Directives and directly deploys EU Regulations.

The main regulations identified in this period are shown in Appendix 5.
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At the Institutional environment level, the analysis of the main regulation in 1990-2006
(Appendix 5) shows an increasing awareness of the effects of climate change, calling for
regulations to reduce greenhouse gas (GHG) emissions. GHG are those gaseous constituents of
the atmosphere, both natural and anthropogenic, that absorb and re-emit infrared radiation
(IPCC, 2007).

This concern led in 1992 to the realization of the ECO-Rio United Nations conference
about Environment and Development (also called Rio “Earth Summit”). With the participation
of 179 nations, the ECO-Rio conference had as a primary objective to produce a broad agenda
and a new blueprint to help international guide cooperation and development policy on
environmental and development issues.

Among the primary outcomes of the ECO-Rio conference was “Agenda 217, where
sustainable development practices and techniques were proposed for use by national
governments, states, and cities; the Rio declaration and its 27 universal Principles; the set of the
United Nations Framework Convention on Climate Change (UNFCCC); the Convention on
Biological Diversity; and the Declaration on the Principles of Forest management (United
Nations, 1992). As the electricity sector emits around 40% of global energy-related GHG gases
(IEA, 2022), it has been receiving increasing attention from policymakers.

Following the ECO-Rio, the Kyoto Protocol was set in 1997, having entered into force
just on February 16th, 2005, with 192 parties (United Nations, 1997). It operationalized the
UNFCCC by committing 37 industrialized countries, economies in transition, and the European
Union by setting individual targets for reducing GHG emissions (baseline 1990), and
established mechanisms, such as the Emission Trading System (ETS), embraced by the
European Union (Directives 2003/87/EC and 2004/101/EC) and deployed into the French laws
(Law Decrees numbers 2004-330 and 2004-832).

At the French environmental level, the Electricity Law 2000 addressed the obligatory
purchase of electricity from renewable sources and cogeneration at fixed feed-in tariffs. The law
lays the foundation for higher feed-in tariffs for electricity production from renewables and a
new tender scheme for renewable energy production capacity. The Feed-in Tariffs scheme is
financial support offered by the government to stimulate RSE use, where there is a fixed payment
per kWh, regardless of the costs of generation or price, or as a premium per unit of energy
generated (Haas et al., 2010).

Nevertheless, among the regulations set, the LPOPE law (“Loi de Programme fixant les
Orientations de la Politique Energétique “, or Program law fixing the orientations of the Energy

Policy) established in 2005 can be considered the most important. The LPOPE defined France’s
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energy policy priorities and guidelines, which allowed France to achieve low GHG emissions
through an energy mix with relevant participation of the nuclear generation. Nuclear generation
performed an essential role in the French energy mix due to its low GHG emissions,
representing around 78% of the energy generation in France in 2005 (figure 3). Therefore, as
France’s GHG emissions were roughly equivalent to the 1990 level (the baseline), France’s
target commitment is to keep its GHG emissions at the same level.

The LPOPE law also promoted the use of RSE, mainly wind power and hydropower
generation, and created a system of energy-saving certificates called “White Certificates”. The
White Certificates scheme uses the ETS mechanism suggested by the Kyoto Protocol, and was
adopted by the EU (Directives 2003/87/EC and 2004/101/EC) in 2006. Also, in 2006, new
regulations set the need for Energy Performance Certificates for all new homes and buildings
and a Tax Exemption for Low-Carbon Vehicles to company-owned passenger cars.

Therefore, it was identified the use of the following mechanisms by the French
government to limit the GHG emission and to promote the RSE spread: Feed-in tarrifs,
Renewables specific Tenders (both set in the Law 2000), the White certificates (an Exchange
Trading System, set by the LPOPE law), the National quota CO2 allocation, the Company tax
exemption for low-carbon vehicles (2006), and the Fixed price feed-in tariffs for Solar PV
(20006).

Besides, there was a movement in the European Union toward opening the electricity
market, aiming to increase the competition and reduce the power of the highly verticalized
electricity utility firms. This movement was done by deregulating markets (allowing customers
to choose any supplier of choice freely) and the firm’s legal separation in each electricity value
chain activity, where it was set that transmission firms must be different from generation or
supply firms. An independent regulator was also created, and industries consuming more than
16 GWh per year were allowed to choose their supplier (European directive 96/92/EC and
French Laws 2000 and August 9™, 2004). This process of electricity market openness finished
in 2007.

Figure 13 shows the main regulations related to the Energy sector at the Institutional

environment level (World, European Union, and France).
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Figure 13 - Main regulations and their interplay at the Institutional environment level from 1990 to 2006.

Level \ 1992 1993 [1994(1995 1996 1997 [1998] 1999 [2000 ] 2001 [ 2002 2003 2004 2005 2001

World
2007
Goals
2020 -
20/20

Europe /20

France

a

OBS: The regulations painted in orange are related to the openness of the electricity market, while those painted in green are related to the control of GHG emissions. The

flows show the National transpositions, influences, and updates of the regulations identified.

Source: Author.
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ii) Institutional environment changes effects on the Firm-level

This section presents the analysis of the effects of the Institutional environment changes
on the firm level. The analysis first considers the effects on the Alpha strategy, followed by the
effects over the R&D initiatives, goals, and priorities. At last, the analysis on the firm’s

Innovation capability is presented.

o Effects on the Firm’s Strategy

In 2005, Alpha stated its Strategic Vision with an “Ambition of being an integrated
company by relying in particular on balance between Regulate and Deregulate activities”,
where the Regulated activities in France were the transmission and distribution, while the
Deregulated activities were the generation and supply.

Figure 14 it is presented a summary of the main strategic initiatives according to the

activity in the electricity value chain.

Figure 14 - Summary of Alpha’s strategic initiatives in 2005-2006.
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It can be noticed that, in this period, the need to accomplish new regulations, mainly
aimed to promote the electricity market’s openness and the reduction of GHG emissions,
strongly influenced Alpha’s strategy.

In the Deregulation of activities, the openness of the Electricity market resulted from the
EU regulation (Directive 96/92/EC) and French regulations (Law February 10th, 2000), more

specifically the Transmission activity, led to an increase in competition, having affected Alpha
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role directly. In response to this new business environment, Alpha created Alpha Transmission
in 2000, a firm dedicated to transmission activity. In 2005, attending the Law from August 9,
2004, Alpha defined the legal separation of Alpha Transmission, transforming it into a limited
liability subsidiary, having been granted it trademark rights to its logo and the name.

Therefore, Alpha addressed the increase of competition in the market through the
strategic intention to strengthen its relationship with its customers and increase the offer of
energy-related services. Below follows a statement from Alpha’s reports:

“With regard to non-regulated activities (generation and supply), with
the complete opening of the market in 2007, the firm emphasizes a
differentiated marketing strategy according to customer groups in order
to protect and increase the value of its customer portfolio. This includes
developing multi-services, and multi-energies (electricity and gas)
offers, in particular for residential segment. The firm would like to
increase its presence through its shareholding in customers to be in a
position to control the decrease in market share through customer
loyalty and develop new services with a higher value-added. This
strategy relies on the brand and its differentiation in the offers according
to customers’ groups.” Al document (2005, pg 18).

In particular, the intention was to offer a broad range of global, integrated, and efficient
solutions according to each customer segment. The set of energy services encompassed
activities such as:

e Services linked directly to energy supply, consumption monitoring, assistance optimizing
consumption, installation quality audit, advice on consumption control;

o Services linked to optimized operation of energy facilities on the customer’s sites;

o Specific services for local authorities, such as street lighting and waste incineration;

o Eco-efficiency solutions by using efficient technology and RSE.

Alpha Services Energy is Alpha’s subsidiary firm dedicated to services, helping
companies use energy as efficiently as possible. Alpha Services Energy offers various energy
management services in areas such as heating and cooling systems, thermal and multi-
technology applications, industrial utilities, installation, and maintenance of generating
equipment, full-service facilities management, and electrical services for public grids. As of
December 31, 2006, Alpha held 34% of the share capital of the Alpha Services Energy group’s
holding company (“Alpha Services Energy”’), having acquired these shares in 2000.

Regarding the attendance of regulations related to GHG emissions, the setting of French
regulations relating to GHG emissions led to the establishment, in 2005 of the French Decree

number 2005-190 of February 25, of the national quota allocation plan for relevant companies
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for the period of 2005-2007. According to projections, Alpha was granted an allocation of
approximately 23.5 million tons of CO; each year related to fossil-fired generation facilities.
The 2005 LPOPE law recognized the feasibility of France achieving low GHG emissions
through an energy portfolio where nuclear power has an important role. In this regard, Alpha
had in 2006, around 96% of its energy generation held a low CO emission, with nuclear energy
participation of 88%, while Hydropower generation had 8% (table 10).
In 2006, the Alpha’s fleet comprised 58 nuclear plants based on pressurized power

reactors (PWR), 30 fossil-fired units, and 447 hydropower units.

Table 10 - Alpha matrix generation 2004-2006.

2004 (*) 2005 (*) 2006 (*)
Energy INMW | % [ InMW | % | InMW | %
Generation
Nuclear

427.1| 87 429,2| 87 428| 88
power
Hydropower
@) 453 9 38,7 8 40 8
Fossil-fired
3) 26,9| 4 26,0 5 17 4
Total 499( 100 494|100 485(100

Source: A2 document.

Thus, Alpha was relatively comfortable because its CO2 emissions were almost three
times below the European Union average (Figure 15). Besides, it influenced the decision to
maintain a balanced energy portfolio mix, following LPOPE law, where nuclear energy was
kept as the dominant energy source. In this direction, Alpha focused efforts on developing

technology to increase the time life of PWR nuclear plants from 30 to 40 years.
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Figure 15 - Comparative of CO2 emission - Alpha x EU average - date 2005
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Regarding the development of renewable energies, follows below an statement from
Alpha’s report:

“Alpha also intends to strengthen its generation capacity in wind power,
which represents a high-growth market with an attractive yield, through
its majority or minority holdings (in particular, Alpha Renewable
Energy). The firm plans to reach approximately 3,300 MW of installed
power by 2010, whether by itself or through partnerships.

In 2005, Alpha stated its ambition to develop all forms of renewable
energy, and in particular, wind power generation. Alpha also favour the
emergence of new technologies in conjunction with R&D and to
develop generation capacities in Wind power, Hydropower, Solar,
Biomass and Geothermal, being in line with the Alpha’s sustainable
policy.” Al document (2005, pg 24).

Therefore, Alpha intended to develop all forms of renewable energy (wind, hydropower,
solar, biomass, and geothermal) but emphasized developing wind power, setting a total target
of 3.3 MW in renewable capacity in 2010 (considering partnerships with other firms). The
development of other RSE was mainly assigned to Alpha’s subsidiary called Alpha Renewable
Energy.

The increasing investments in RSE development indicated an increasing interest in
Alpha in participating in the development of RSE. It started in 2000 when Alpha bought 35%
of the development company of thermal and hydroelectric power plants. In 1999, it became a
firm dedicated to the renewable energy sector. In 2002, Alpha increased its stake in this firm
from 35% to 50%, and in 2004, a new firm called Alpha Renewable Energy was created from
this firm. Alpha Renewable Energy activities encompassed:

v' RSE’s development, construction, and operation of electricity generation assets;
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v" Sales to third parties of electricity generation assets based on RSE, and

v’ Operation and maintenance of wind farms, mainly in the United States.

Also, in 2005, the Alpha group acquired 50% of Sun Energy, a firm dedicated to

producing and commercializing photovoltaic systems.

o Effects on the R&D initiatives, goals and priorities.

In this section, the analysis had as a primary reference the initiatives developed by the

R&D department, looking for those related to radical innovation as a proxy to the Innovation

capability. The innovation initiatives developed by subsidiary firms when they existed were

also considered.

In 2005-2006, Alpha’s R&D department stated that nuclear generation was a priority R&D

subject. Nevertheless, it also set a medium and long-term orientation aiming to anticipate

technological breakdowns through fourteen (14) challenges (“Lighting up the future and

preparing paths for growth”). Table 11 shows the R&D’s fourteen challenges.

Table 11 — Alpha’s R&D fourteen challenges - “Lighting up the future and preparing paths for

growth”.
Areas Number of Description
challenges
Generation . .
3 Ensure a lifespan for nuclear generation of over 40 years
performance
Strengthen, in the future, services and relations with residential, service
Sal 4 sector, industrial and local authority customers, and to help those who still
ales . . .
do not have electricity, all in a context where demand-side management
and environmental issues are gathering strength;
Understand and manage the rules of electricity markets in order to obtain
. competitive advantages and to remain a front runner by optimizing the
Electricity markets P g . . . yop g'
. 3 upstream-downstream interaction and the mediation between the different
and regulations e
sources of energy (nuclear,hydropower, peak facilities, calls to the market,
demand-side management, etc.);
. Management of the environmental and health impacts of the generation
Spanning all of e . . .
, facilities, intelligent networks incorporating local energy sources, and,
the Alpha Group’s 3 . . . . .
business concerning water, to anticipate its shortage, its droughts and its excesses,
floods and to manage this essential resource properly;
Digital simulation 1 Guarantee the credibility and leadership of Alpha's R&D

Source: A1 document.
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Among the fourteen (14) challenges, those related to Sales (four challenges) seemed to
address the strategic intention to minimize the effects of competition through leveraging
services and relations offer to customers.

Regarding the increasing demand to control GHG emissions through a balanced
generation portfolio mix, there were three challenges related to increasing the nuclear lifespan
for over 40 years and three challenges related to electricity markets and regulations. Other
challenges addressed the field of electricity markets and regulations by optimizing the
upstream-downstream interaction and the mediation between the different energy sources.

Besides, three challenges addressed daily demands from the Alpha group related to
managing the environmental and health impacts of the generation facilities, intelligent networks
incorporating local energy sources and waste, and finally, one challenge addressing digital
simulation.

Therefore, in 2005-2006 no specific R&D challenges addressed the technology
development of RSE at the level of the Alpha corporation unit. However, Alpha Renewable
Energy firm developed many initiatives in this direction: new processes for manufacturing
photovoltaic modules and new photovoltaic technology of the thin film type. The firm was also

developing technology related to geothermal energy, and from submarine currents (tidal

energy).

Effects on the Innovation capability

Alpha developed itself as a highly verticalized company, with a solid position in the
centralized generation, where nuclear energy generation held a dominant position (87% of
generation in 2005). The analysis identified that Alpha’s strategy was directly influenced by
changes in the Institutional environment level (regulations):
1) The openness of the electricity market to competition led to developing actions aimed at
strengthening its relationship with its customers and increasing the offer of energy-related
services to mitigate its forecasted loss of market share. These actions were centralized in the
Energie services dedicated subsidiary firm called Alpha Services Energy (34% of the shares
acquired in 2000).

i1) The strategic intent aimed to keep a balanced mix of energy generation as a solution

to attend the GHG regulations (LPOPE law set the feasibility to achieve low GHG emissions
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through an Energy mix with relevant participation of Nuclear generation). In this regard,

follows one statement from Alpha report about the effect of the LPOPE law:

“It reinforces the position of Alpha’s generation facilities, in particular,
the nuclear fleet, by explicitly providing for the construction of the EPR
reactor and by reaffirming the role of nuclear power, low in CO2
emissions, within the environmentally conscious French energy
portfolio. It also reorganizes the measures designed to promote the
development of wind power and confirms the role of hydropower
among new renewable energy.” Al document (2005, pg 72).

It led Alpha to develop technology to increase the time life of PWR nuclear plants from
30 to 40 years, which can be considered an incremental innovation once it represented a slight
change from the current technological trajectory, being associated with the concept of
Exploitation (Benner & Tushman, 2003).

On the other hand, Alpha also stated its strategic intention to develop all forms of RSE
(wind, hydropower, solar, biomass, and geothermal) but with an emphasis on developing wind
power (“Alpha stated its ambition to develop all forms of renewable energy, and in particular,
wind power generation”, Alpha report (2005)). This strategic intention also led Alpha to
develop intelligent networks that can manage the electricity grids and incorporate local sources.

Regarding RSE development, Alpha acquired in 2002 a 50% stake in a renewable energy
dedicated firm. Namely Alpha Renewable Energy, the firm developed many actions to develop
new technologies in renewables, more notable in solar (photovoltaic), geothermal and tidal
energies.

Therefore, data analysis indicates that Alpha decided to acquire in 2000 a stake in firms
focused on RSE development (Alpha Renewable Energy) and energy services (Alpha Services
Energy), and assigned to them the development of a new business that required knowledge and
skills diverted from the current knowledge base on centralized nuclear generation, core of the
Alpha’s business model.

The analysis of the R&D initiatives identified that some are related to the concept of
Innovation capability, as suggested by Peng et al.(2008a). Below is the analysis broken down
by routine (Table 12).
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Table 12 - Identification of Alpha’s Innovation capability (2005-2006) deployed by routine.

Routines Outcomes

Alpha Renewable Energy’s initiatives dedicated to the development
Search for new of RSE, such as the development of new thin-film technology for
photovoltaic cells, development of geothermal energy, and tidal

technologies o
energy (energy from maritime currents.

The initiatives aimed to increase customer services offer and
Cross functional develop intelligent networks incorporating local energy sources.

product development

The development of new processes for manufacturing photovoltaic
cells and digital simulation.

Process and
Equipment
development

Source: Author based on Alpha’s reports.

The Alpha’s strategy demonstrated to be a directly result from changes in the regulations,
that also affected the Innovation capability development (table 8), which aimed to develop new
renewable technologies, increase customer services offer and develop intelligent networks to
incorporate local energy sources, and new processes for manufacturing photovoltaic cells.

Therefore, both changes in the firm level (strategy and Innovation capability) can be
identified as an outcome of the co-evolution property Multilevelness/ Embeddedness.

The strategic decisions led Alpha to acquire a stake in firms dedicated to renewables
(Alpha Renewable Energy and Sun Energy) and energy services (Alpha Services Energy).
These subsidiaries developed the main effort in Innovation capability (related to RSE
development and Energy services) and can be identified as an outcome of the co-evolution
property Nonlinearity.

The previous Alpha commitment to nuclear generation may have influenced Alpha’s
decision to keep a balanced energy mix, with nuclear energy generation being the dominant
energy source. This commitment can be identified as an outcome of the co-evolution property
Path-dependence.

The list of co-evolution properties identified in this period is available in Table 13.
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Table 13 — Co-evolution properties identified in the Alpha analysis.

Coevolution
properties

Definition (Lewin at al. (1999))

Description of the Co-evolution properties identified
(1990-2006)

Multilevelness /

Coevolutionary effects take place at multiple levels within

The Alpha’s strategy was directly influenced by changes in the
regulations:

i) The openness of the electricty market to competition led to
developing actions aimed to strengthen its relationship with its
customers and increase the offer of energy-related services,

ii) The promotion of RSE led the intention to develop all forms of
RSE (wind, hydropower, solar, biomass, and geothermal) but
with emphasis on developing wind power and hydropower.

recursive interactions result in interdependencies and
circular causality; each firm influencing the other and in turn
being influenced by the behavior of the other (recursive).

Embeddedness firms as well as between firms; These strategic initiatives also influenced the Innovation capability
development, which aimed to develop new renewable
technologies, increase customer services offer and develop
intelligent networks to incorporate local energy sources, and new
processes for manufacturing photovoltaic cells.

Organizations coevolve with each other and with a
hangi rganizational environment. Changes ma r in
Multidirectional ¢ . Eing 0. ganizatio . enviro e. C £08 R y oced . .
o all interacting populations of organizations, permitting Not identified
Causalities . . . .
change to be driven by mutual direct interactions and by
feedback from the rest of the system.
The strategic decisions led Alpha to acquire a stake in firms
As a consequence of indeterminate feedback paths, changes [dedicated to renewables (Alpha Renewable Energy and Sun
Nonlinearity in one variable can produce quite counterintuitive changes in|Energy) and energy services (Alpha Services Energy). These
another variable. subsidiaries developed the main effort in Innovation capability
(related to RSE development).
Organizations systematically influence their environments,
and organizational environments fundamentally comprised
of other organizations in turn influence organizations. These . .
Positive Feedback & & Not identified

Path and History
Dependence

Adaptation in a coevolutionary process is path- or history-
dependent

The importance of nuclear energy in the electricty matrix
generation of Alpha may have influenced the Alpha’s decision to
keep the nuclear generation as the dominant energy source.

Source: Author.

Figure 16 presents the wrap-up of the analysis with the main findings in this period. At

the Institutional environment level, which is divided into three sublevels (World, EU, and

France), it is listed the main regulations identified related to environmental concerns (yellow

column) and related to Electricity market openness (orange column). It can be noticed that some

regulations that were issued at one level are deployed (flows) to the other level. For example,

the regulations related to the Openness of the electricity market were first issued at the EU level
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(Directives 96/92/EC and 2003/54/EC) and then deployed into France's environment through
the Law of August 9th, 2004.

At the firm level, the main aspects of the strategy are presented, which, together with
the changes in the Institutional environment level, influence Innovation capability development.
The outcomes of these developments are deployed by routine (Search for new technologies,
Cross Functional product development, Process, and Equipment development), according to
Peng et al. (2008).

Between the Institutional environment level and the Innovation capability level, it is
highlighted the co-evolution process between the Institutional environment level and the firm’s
Innovation capability, where some of the co-evolution properties were identified:

Multivelness/Embeddedness, Nonlinearity, and Path and History dependence.
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Figure 16 - Main findings of the analysis (1992-2006).
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vy, sources. Services Energy firms dedicated to renewables

energy (energy ) .
from maritime development and energy services, respectively.

currents)

Source: Author.
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c.2) Period 2007-2008

In this section, the study approaches the period between 2007 and 2008, characterized
by the implementation of essential regulations addressing the reduction of CHG emissions and
RSE promotion. Besides, in the European Union, the process of market openness in the
electricity market is finished, allowing the increase of competition and the freedom for

customers to choose any supplier of preference.

i) Institutional environment level

The institutional environment is divided into three sublevels: the world, where the
United Nations coordinates actions, the European Union coordinates actions in the scope of its
National members, and France’s national environment. The French environmental legal
framework is substantially influenced by EU law as legislation consists, to a certain extent, of
transposed EU Directives and directly deploys EU Regulations. The main regulations identified
in this period are shown in Appendix 6.

Regarding the openness of the energy market, French Law No. 2006-1537 entered into
force in 2007, stating that all end consumers must be able to choose any supplier of choice
freely. The deregulation of the transmission activity remained under discussion (EU third
energy directive) by evaluating some options to guarantee the independence of the transmission
network operator while preserving the financial interests of vertically integrated companies.

Regarding environmental concerns, in 2007, following the Kyoto Protocol, the European
Union established goals to be achieved in 2020 over 1990 GHG emission levels under an
agreement called Climate Package, which contained several proposed laws to fight climate
change. The Climate Package was also called the “20/20/20” because it established goals for
European countries a reduction of 20% in gas emissions, an increase of 20% in renewables, and
an increase of 20% in energy efficiency. It was scheduled to enter into force in 2009, allowing
each country to adjust its targets and the corresponding action plan.

In France, the national government established in 2007 six working groups in a process
called “Le Grenelle de Environnement”, to redefine French environment policy. These working
groups addressed the following themes: climate change, biodiversity, and natural resources,
health and the environment, production and consumption, democracy and governance, and
competitiveness and employment. The recommendations generated in the “Le Grenelle de

Environnement” process were put under analysis by the French parliament in early 2008.
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Also in 2008, the French government established regulations that incentivize purchasing
vehicles emitting the least CO2, in a program called Bonus-Malus, and a monetary bonus for
scrapping older vehicles.

Therefore, it was identified the use of the following mechanisms by the French
government to limit the GHG emission and promote the RSE spread: the Low interest/soft loans
preferential loans for energy saving measures (2007), the Fixed price feed-in tariffs for
Hydropower (2007) generation, and the Environmental tax Bonus-Malus (vehicle CO2 bonus
and penalty system) (2008).

Figure 17 shows the main regulations related to the Energy sector at the Institutional
environment level (World, European Union, and France). The flows show the national

transpositions, influences, and updates of the regulations identified.
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Figure 17 - Main regulations and their interplay at the Institutional environment level between 2007 and 2008.

Level \ Year 2006 2007 2008 |

World

Protocol
Europe

2010 - National commitment to
the environment - Grenelle 2

‘ I S S ) || 2005-The “enery
1997 - Kyoto package”

France

OBS: The regulations painted in orange are related to the openness of the electricity market, while those painted in green are related to the control of GHG emissions. The
flows show the National transpositions, influences, and updates of the regulations identified.
Source: Author.
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ii) Institutional environment changes effects on the Firm level.
o [Effects on the Firm’s Strategy

In this period, at the strategic level, Alpha kept the 2005/2006 Strategic Vision and
objectives regarding Regulated and Deregulated activities (figure 15). Alpha also continued
with its objective to develop all forms of RSE, particularly wind power, hydropower, solar,
biomass, and geothermal, having set a target of 3.3 MW of capacity in 2010 (considering
partnerships).

The establishment of new regulations at the European and the French environment level
continued, aiming to reduce GHG emissions and increase RSE and Energy Efficiency. The
main regulation set, the Climate Package or “20/20/20, which was scheduled to enter into force
in 2009, seemed to have influenced the Alpha’s strategy. Therefore, in 2007 and 2008, Alpha

had three major strategic challenges addressed by two top priorities initiatives (figure 18).

Figure 18 - Alpha's major strategic challenges in 2007-2008 and the related Strategic

priorities.
. B B Actions
Three Strategic challenges Two Strategic priorities
Strengthen EDF’s leading position in Europe
Acceleration of global N and competitive advantage over the longer
warming Contln.ue to improve ’_ term
it Promote renewable energies and energy
High prices of fossil fuels performance efficiency through the development of
in the long-term | are centralised renewable energies; the set of new
addressed targets of renewables generation (4,000 MW
: Invest for sustainable i i i i
Long-term and the quick by . ' | | installed by 2012, including 500 MW in
. . ds of industrial growth photovoltaic solar Energy), to be the leader on
lncreaS{ng gk .0 the eco-efficient energy market, and continue
generation capacity 1 the commitment to research in innovative
solutions;"
| [ Be akey player in global nuclear revival"

Source: A3 document.

The analysis of these strategic priorities identified that, while the first strategic priority
addressed operational improvement mainly through actions related to incremental innovation,
the second strategic priority (“Invest for sustainable industrial growth”) addressed the need for
investments in generation, the development of RSE and the search for innovative solutions,
such as helping customers to reduce their CO2 and advice on rational energy use. The last action
highlights the importance of promoting the nuclear generation, as nuclear generation has low

CO2 emissions.
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Thus, Alpha kept its strategic intent to have a balanced mix of energy generation as a
solution to attend to the CO2 regulations, where the RSE development, together with the nuclear
generation, gained importance and increased interest.

Regarding the RSE development, below follows a specific Strategic action from Alpha’s
report:

“Promote renewable energies and energy efficiency:

a) Generation: develop centralised renewable energies

- Renewable energy capacity tripled by 2012

b) Sales: be the leader on the eco-efficient energy market

- A 50% annual increase in the number of customers subscribing to
energy management offers and decentralised renewable energy offers
by 2012

¢) Innovation: continue our commitment to research in innovative
solutions.” A4 document (2007, pg 16).

Therefore, in 2006, Alpha decided to finance its subsidiary Alpha Renewable Energy (a
firm partially controlled and dedicated to renewables) through a capital increase of € 500
million, allowing the construction of power plants using ground-mounted or roof-mounted
systems and, in 2008, to finance the development of the new firm Alpha Distributed Renewable
Energy (ADRE).

It also can be noticed that, until 2007, Alpha’s focus was on centralized generation,
mainly through wind and solar generation. In this regard, follows one statement from Alpha

report (2007) describing the role of the regulations in this change as follows:

“In France, following the Grenelle de I’Environnement, development
of solar PV power should intensify with the new repurchase tariff set
by the government for photovoltaic equipment of any capacity installed
on industrial or office buildings and the planned contracts to be offered
for construction of one solar energy plant per region.” A4 document
(2007, pg 68).

Thus, in 2008, Alpha recognized the increasing importance of decentralized renewable
generation, having created Alpha Distributed Renewable Energy (ADRE), a firm owned 50%
by Alpha and 50% by Alpha Renewable Energy (which is 50% controlled by Alpha).

ADRE aimed to operate as a company with a multi-energy business model focused on
providing distributed energy systems (for example, rooftop solar panels, etc.), as a holding
company for Alpha’s distributed renewable energy subsidiaries, and as an industrial partner in

the development of new photovoltaic processes (with PV Alliance, Apollo Solar, and
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Nanosolar). Figure 19 shows ADRE’s subsidiaries, with the % of ADRE stake and the activity

description.

Figure 19 - Alpha Distributed Renewable Energy (ADRE) holding structure.

ADRE

ADRE — 1 (51%)
Activity: marketing and
installation of
photovoltaic systems

Sun Energy (50%)
Activity: manufactures
and market
photovoltaic systems

ADRE-2 (100%)
Activity: produces
heating systems and
air heat pumps for
housing

ADRE-3 (25%)
Activity: produces
solar water heaters
equipment

ADRE-4 (50%)
Activity: produces
air/water heat pump
equipment

ADRE-5 (50%)
Activity: develops
systems of photovoltaic
tiles

Source: A4 document.

Besides, it is important to highlight that, from 2007, Alpha started to participate in many

alliances and partnerships with other firms, mainly focused on the opportunities related to low-

emission CO2 solutions. Table 14 presents the main alliances and partnerships.

Table 14 - Alpha’s Alliances and Partnerships with other firms.

Year Partners Purpose
2007 Alpha and Toyota Evaluate plug-in hybrid vehicles in Europe
Create a large scale zero-emissions individual transport and
Alpha and Renault
travel system
EDF Energies Nouvelles and Supply bhotovoltaic panels
2008 Nanosolar(USA) PPl P P
Alpha Renewable Energy and
Alpha created Alpha Distributed |Develop RSE solutions.
Renewable Energy (ADRE)

Source: A3 and A4 documents.

Therefore, from the analysis of Alpha’s strategic intent and initiatives can be noticed

that the development of RSE has gained importance since 2005, attracting Alpha investments

to increase its stake in Alpha Renewable Energy, the creation of new dedicated firms (Alpha

Distributed Renewable Energy), a high level of verticalization in the manufacturing of solar

equipment, and formation of Alliances to joint development of technologies and take advantage

of new business opportunities (Toyota, Renault).
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Besides, in this strategic changing process, it also can be highlighted that until 2007,
Alpha’s central perspective of solar generation was centralized, taking Alpha some time to
realize the potential business impact of the distributed generation and incorporate this
perspective in the strategic priorities. One possible reason is that the concept of photovoltaic
distributed generation was in its infancy in this period, having been identified as the main issues
related to its implementation the relatively high capital costs per kW installed power compared
to large central plants and the energy connecting and managing aspects to the existing grids
(Pepermans et al., 2005). Although photovoltaic technology was the most costly among the
RSE (IEA, 2002), this technology has presented an important price reduction trend (IRENA -
International Renewables Energy Agency, 2021), as shown in figure 20. One of the reasons is
related to the learning curve. Figure 21 shows the solar PV module cost learning curve, where
the impact of cumulative production volume over the cost can be noticed. Specifically, for the
PV module using thin-film technology, there is a 22% price reduction for each doubling of

cumulative volume.

Figure 20 - Average monthly solar PV module price trend in Europe.
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Figure 21 - Learning curve impact over cost on Solar PV modules.
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Source: IRENA - International Renewables Energy Agency (2021)
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Therefore, the focus on centralized generation may be originated from Alpha’s previous

commitment to the traditional business model based on centralized generation (in particular

nuclear generation), suggesting the existence of the path-dependence phenomenon (Mckelvey,

1997).

o [Effects on the R&D initiatives, Goals and Priorities

The Alpha R&D goals in this period were (1) to contribute to the improvement of the

Alpha operational unit’s performance in the operational units and (2) to identify and prepare

for medium and long-term growth engines.

The first Alpha R&D goal, contributing to performance improvement in the operational

units, was divided into different themes, as table 13 shows.
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Table 15 - Initiatives related to the Alpha R&D goal "Contribute to the improvement of the

Alpha operational unit’s performance in the operational units".

Themes

Initiatives description

Nuclear, hydropower and fossil

Improve operational performance, safely optimize the lifespan of the fleet,
and prepare for new environmental demands;

Renewables

Identification of technological breakthroughs and to contribute to the
development of relevant technologies;

Transmission and distribution

Integrate new technologies dedicated to the performance of its businesses
and develop technical solutions to increase the lifespan of the materials;

Commercial

Develop tools and support methods for the commercial relationship, to
develop solutions for the control of demand of Energy and energetic
effectiveness of the uses of all the customers and the offers for the living
habitat; integration of RSE, comfort solutions;

Upstream / downstream
optimization

Create tools and models to enhance the Group’s generation assets, advance
knowledge of how they operate and prepare for changes in the markets
(electricity, gas, emission quotas, etc.).

Source: A3 and A4 documents.

The second Alpha R&D goal was to prepare for medium and long-term growth engines,

which was related to the finite nature of fossil resources and the impact on climate change of

industrial activity. This Alpha R&D goal was addressed by a mid and long-term program called ”

Twelve challenges”, focused on the following themes: Our Planet, Our Optimization,

Customers, Generation and Networks and Digital Simulation. The challenges are presented in

table 16.
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Table 16 - Alpha’s R&D challenges for the period of 2007-2008.

Theme Challenges

Water: anticipate climate constraints on a shared resource;

OUR PLANET
Improve the determination of the environmental impacts of our facilities.

Anticipate the new energy environment;

OUR OPTIMIZATION |Optimize Alpha’s generation on the market: restructure methods and tools;

Find new flexibility sources between consumption, generation and storage.

Houses and buildings: develop technologies and services aiming to energetic efficiency;

CUSTOMERS
Industry: develop the efficiency of old uses and new uses of electricity.
Technically allow the exploitation of nuclear power plants up to 60 years;
GENERATION Use new technologies to obtain a higher performance operation;
Innovate in renewable energies and storage.
Prepare the 2015’s distribution (use of new information and communication technologies
NETWORKS (NTIC) in the operation and management of networks, develop simulation tools to

optimize their functioning, and technological innovations to favour the networks’
performance, etc.).

DIGITAL SIMULATION |Simulate to make decisions.

Source: A3 and A4 documents.

The analysis of Alpha’s R&D Goals and priorities identified that the focus was on
supporting Alpha in achieving CO2 emissions as low as possible and helping to make France
independent of fossil fuels for its energy needs. In this direction, efforts were developed to
optimize the operating life of nuclear and hydropower plants, contribute to the industrial
emergence of RSE, and develop efficient, low-carbon Energy uses. It also aimed to develop
demand-side management (DSM) services by integrating new technologies for better customer
service (smart meters, incorporating renewable Energy into homes, etc.).

Therefore, most of the initiatives related to the second R&D goal (“identify and prepare
for medium and long-term growth engines”) and the initiatives from the first R&D goal related
to the themes of Renewables and Commercial can be closely associated with the search for
radical innovation or Exploration (Benner & Tushman, 2003).

Alpha also identified the value of establishing partnerships with other firms, research
centres/organisms, and universities, with the objectives of maintaining expertise, completing
internal fields of knowledge, gathering knowledge around shared programs, and sharing costs

and risks of upstream research.
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In the Alpha Renewable Energy subsidiary, the firm reaffirmed its commitment to
developing new technologies and continued many initiatives already started: new processes for
manufacturing photovoltaic modules, new photovoltaic technology of the thin film type,
geothermal Energy, and from submarine currents (tidal Energy). The firm also entered
partnerships to develop new transportation energy supply technologies (high-density batteries)
with companies that manufacture tramways, trolleybuses, buses, and special vehicles.

The ADRE subsidiary also put a high-performance heat pump in the residential customer
market, an innovation developed by Alpha’s R&D and can supply all a household’s heating and

hot water needs by harnessing energy from the outside air.

o Effects on Innovation capability

In this period, the effects of a more competitive environment due to the openness of the
market seemed to have been addressed by Alpha. Alpha continued the development and
increased customer service offers to mitigate the forecasted loss of market share.

In pursuing a competitive generation mix with low CO2 emissions, RSE development
gained importance in comparison with the previous period of analysis. The Alpha’s increased
awareness about the challenge represented by the Climate change phenomenon is directly
addressed by strategic priorities and by the R&D goals and priorities. It may have been
triggered by the discussion at the European level of the Climate Package (“20/20/20") and the
“Le Grenelle de Environnement” in France. In this regard, Alpha developed many initiatives to
develop new technologies and related applications, such as the R&D challenges and new
partnerships and Alliances created with other firms (Toyota/Renault).

Important to highlight that Alpha kept the strategy to assign dedicated subsidiaries to
Services customer offers (Alpha Services Energy) and to the development of RSE (Alpha
Renewable Energy), firms in which Alpha owned 34% of the shares (Alpha Services Energy)
and 50% of the shares (Alpha Renewable Energy). In this regard, Alpha Renewable Energy
continued the initiatives to develop new technologies in renewables and started the high-density
battery technology development.

Thus, the R&D initiatives analysis for this period identified that some of them are related
to the concept of Innovation capability suggested by D. Peng et al.(2008), as shown in Table
17.



98

Table 17 - Identification of Alpha’s Innovation capability (2007-2008) deployed by routine.

Routines Outcomes

Alpha Renewable Energy developed the following initiatives: new thin-film technology for
photovoltaic cells, geothermal energy, and tidal energy (energy from maritime currents), and
partnerships to develop new transportation energy supply technologies (high-density batteries).
Alpha developed the following initiatives: plug-in hybrid vehicles (alliance with Toyota), zero-
emissions individual transport and travel system (alliance with Renault), development of
renewable energies and storage, develop technologies and services aiming to energetic efficiency
for houses and buildings, and started of partnerships with universities and research centres.
Alpha also developed efforts in integrating new technologies for better customer service (smart
meters, incorporating renewable Energy into homes, etc.).

Alpha started partnerships with other firms, research centres/organisms, and universities, with
the objectives of maintaining expertise, completing internal fields of knowledge, gathering
knowledge around shared programs, and sharing costs and risks of the upstream research.

Search for new
technologies

Initiatives to increase customer service offers, develop intelligent networks incorporating local
Cross functional|energy sources, and develop technologies and services aiming to energetic efficiency for houses
and buildings. Alpha Distributed Renewable Energy also put a high-performance heat pump on
the residential customer market, supplying a household’s heating and hot water needs by
harnessing Energy from the outside air.

product
development

Process and |New processes for manufacturing photovoltaic cells and digital simulation development.
Equipment
development

Source: Author based on A3 and A4 documents.

The analysis shows that in this period, continuous changes in regulations, aiming to
promote lower GHG emissions and increase the use of RSE, triggered Alpha strategy changes
in the same direction. Both changes (regulations and Alpha Strategy) affected Innovation
capability development (table 15), aiming to develop new renewable technologies, electric
mobility solutions, better customer service, and new processes for manufacturing photovoltaic
cells. Therefore, both changes in the firm level (strategy and Innovation capability) can be
identified as an outcome of the co-evolution property Multilevelness/ Embeddedness.

Alpha identified the value of establishing partnerships with other firms, research
centres/organisms, and universities, with the objectives of maintaining expertise, completing
internal fields of knowledge, gathering knowledge around shared programs, and sharing costs
and risks of upstream research. In this direction, Alliances were created for joint development
of technologies and to take advantage of new business opportunities with Toyota (Evaluate
plug-in hybrid vehicles in Europe), Renault (to create a large-scale zero-emissions individual

transport and travel system), and partnerships to develop new transportation energy supply
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technologies (high-density batteries). Besides, ADRE developed partnerships to develop new
photovoltaic processes (with PV Alliance, Apollo Solar and Nanosolar). Therefore, the
establishment of partnerships and Alliances can be identified as an outcome of the co-evolution
property Multidirectional Causalities.

The Alpha's strategic decision to invest in renewables led the firm to a capital increase
in Alpha Renewable Energy, the creation of a new firm (ADRE), which is focused on
decentralized renewable generation. These movements and the verticalization of Alpha in
manufacturing solar equipment can be identified as an outcome of the co-evolution property of
Nonlinearity.

The co-evolution property of Positive feedback may be identified in the process of
validation of “Le Grenelle de Environment”, which aimed to redefine the French Energy Policy.
In this process, working groups were created addressing different themes, and consultations
with the Electricity sector were carried out.

The Alpha's previous experience and commitment to nuclear generation, which is
centralized generated, may have influenced the decision to prioritize the centralized wind and
solar generation until 2007. It can be identified as an outcome of the co-evolution property Path-
dependence.

Table 18 presents the co-evolution properties identified in this period.
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Table 18 — Co-evolution properties identified in the Alpha analysis 2007-2008.

Coevolution
properties

Definition (Lewin at al. (1999))

Description of the Co-evolution properties identified (2007-2008)

Multilevelness
/
Embeddednes
S

Coevolutionary effects take place at
multiple levels within firms as well as
between firms

The Alpha’s strategy was directly influenced by changes in the regulations:

i) The openness of the electricty market to competition led to developing actions aimed
to strengthen its relationship with its customers and increase the offer of energy-related
services,

i1) The promotion of RSE led the intention to develop all forms of RSE (wind,
hydropower, solar, biomass, and geothermal) but with emphasis on wind and solar
generation.

ii1) Alpha affirmed its intention to be be the leader in eco-efficient energy market

These strategic initiatives also influenced the Innovation capability development, which
aimed to support Alpha achiving low GHG emissions and helping make France
independent from fossil fuel. Therefore, the focus was in developing new renewable
technologies, increase customer services offer, and new processes for manufacturing
photovoltaic cells.

Multidirection
al Causalities

Organizations coevolve with each
other and with a changing
organizational environment. Changes
may occur in all interacting populations
of organizations, permitting change to
be driven by mutual direct interactions
and by feedback from the rest of the
system.

Alpha identified the value of establishing partnerships with other firms, research
centres/organisms, and universities, with the objectives of maintaining expertise,
completing internal fields of knowledge, gathering knowledge around shared programs,
and sharing costs and risks of the upstream research.

In this direction, Alliances were created to joint development of technologies and take
advantage of new business opportunities with Toyota (Evaluate plug-in hybrid vehicles
in Europe), Renault (to create a large scale zero-emissions individual transport and
travel system), and Nanosolar (Supply photovoltaic panels).

Besides, ADRE developed partnerships to develop new photovoltaic processes (with
PV Alliance, Apollo Solar and Nanosolar).

As a consequence of indeterminate
feedback paths, changes in one variable

Alpha increased its investments in firms dedicated to renewables through increasing of
capital of Alpha Renewable Energy and the creation of Alpha Distributed Renewable
Energy, firm focused on providing distributed energy systems (for example, rooftop
solar panels, etc.).

Nenlinearity can produce quite counterintuitive | Alpha also developed a vertical integration in the solar businees, where ADRE also
changes in another variable. performing the role as the holding company (Sun Energy, ADRE-1, ADRE-2, ADRE-3,
ADRE-4, ADRE-5).
Organizations systematically influence
their environments, and organizational
environments fundamentally comprised
of other organizations in turn influence . . .
.. .g . ! m In the "Le Grenelle de Environment” process, which aimed to redefine the French
Positive organizations. These recursive . . L
. . . Energy Policy, working groups were created addressing different themes, and
Feedback interactions result in . e >
. . . consultations to the Electricity setor and firms were carried out.
interdependencies and circular
causality; each firm influencing the
other and in turn being influenced by
the behavior of the other (recursive).
Path and L. . Alpha previous experience and commitement with nuclear generation, that is
. Adaptation in a coevolutionary process . . .. L .
History centralized generated, may have influenced the decision to prioritize the centralized

Dependence

is path- or history-dependent

generation of wind and solar.

Source: Author.
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Figure 22 presents the wrap-up of the analysis with the main findings in this period. At
the Institutional level, which is divided into three sublevels (World, EU, and France), it is listed
the main regulations identified related to the environment (yellow column) and related to
Electricity market openness (orange column). It can be noticed that some regulations that were
issued at one level are deployed (flows) to the other level

At the firm level, the main aspects of the firm’s strategy are presented, which, together
with the influences of the Institutional environment level, affects the Innovation capability
development. The outcomes of these developments are deployed by routine (Search for new
technologies, Cross Functional product development, Process and Equipment development).

Between the Institutional environment level and the Innovation capability level, it is
highlighted the co-evolution process, where all of the co-evolution properties were identified:
Multivelness/Embeddedness, Multidirectional Casualities, Nonlinearity, Positive Feedback,

and Path and History dependence.
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Figure 22 - Main findings of the analysis (2007-2008).

| Main environmental regulations Electricity Market Openness
* GHG scheme emissions -
World: (Kyoto Emission Trading System (ETS);
Protocol - 97) + GHG national reduction emission
targets;
Institutional + Climate Package (“20/20/20") Openness of Electric market: Public
environment European transmission must be different firm from
Union generation or supply
level EU Directives 96/92/EC and 2003/54/EC
- Preferential loans for energy saving
measures Law No 2006-1537 — All end
France - Renewable Feed-In Tariff (Solar PV)\,| consumers can freely choose their
- Tax exemption and bénus for low CO2 Supplier until 2007
vehicles

Coevolution properties identified:
* Multilevelness/Embeddedness - Ok

» Multidirectional Causalities - Ok

* Nonlinearity - Ok

» Positive Feedback - Ok

» Path and History Dependence - Ok

Innovation capability Strategy
Search for new Cross Process and Strategic priorities
technologies functional Equipment . . .
Alpha Renewable | product development 1 - Continue to improve operating
Energy : new thin- |development |New performance
film technology for |The initiatives - | processes for . . .
photovoltaic cells, | Initiatives to manufacturin 2 - Invest for sustalnable 1ndustrlal
geothermal energy, | increase g photovoltaic
tidal energy, and | customer cells and grOWth . o
partnerships to service offers, | digital 2.1 — Strengthen Alpha’s leading position in
develop new develop simulation Europe and competitive advantage over the longer
transportation intelligent development. term
energy supply networks

2.2 -Promote renewable energies and energy

Firm s (high- | ,
technol high- . .
echnologies (high- | incorporating efficiency through the development of centralised

level| density batteries). |local energy

Alpha: plug-in sources, and renewable energies;, to be the leader on the eco-

hybrid vehicles develop efficient energy market, and continue the

(alliance with technologies commitment to research in innovative solutions;"

Toyota), zero- | and services 2.3 - Be a key player in global nuclear revival"

emissions individuall aiming to

transport and travel | energetic ‘

system (alliance efficiency for

with Renault), houses and Alliances, Partnerships, acquisitions

development of buildings. h

rer:jew;able energies| - AtDRhE ilso - Increase of capital in Alpha Renewable

and storage, put a high- o, i i

technologies, and | performance Ene.rgy (50%) , creation of ADRE (firms

services aiming to | heat pump on deFjlcated to renewableg development)

energetic efficiency.| the residential - Alliances and partnerships: Toyota, Renault
customer and Nanosolar

market.

Source: Author.
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¢.3) Period 2009 - 2010

In this section, the analysis encompasses the period between 2009 and 2010,
characterized by the deployment of the European Climate Package into the French National
settlement (the adjusted French targets were 14/20/23). In 2010, the French National Renewable
Energy Action Plan (NREAP) and the Le Grenelle de L’environment II were established.
Besides, in the European Union, the market openness in the electricity market is finished,

allowing the increase of competition and the freedom for customers to choose any supplier.

i) Institutional environment level.

The institutional environment is divided into three sublevels: the world, where the
United Nations coordinates actions, the European Union coordinates actions in the scope of its
National members, and France’s national environment. The French environmental legal
framework is substantially influenced by EU law as legislation consists, to a certain extent, of
transposed EU Directives and directly deploys EU Regulations. The main regulations identified
in this period are shown in Appendix 7.

Regarding the openness of the Electricity market, in 2009, the EU Parliament approved
the European Directive 2009/72/EC, which set three options to separate electricity production
and supply activities from those related to transmission and network management. The options
range varies from the complete separation of the energy transmission from the electricity
generation or supply firm (FOU system), the option where the state remains the owner of the
assets but has to designate a transmission network operator (ISO system) and the ITO system,
where it is guaranteed the independence of the transmission network operator while the
Transmission company operator (TSO) may remain part of a vertically integrated firm. This
Directive was expected to be transposed into each national regulation and be fully executed by
March 37 2011.

Regarding environmental regulations, after discussions on the respective forums (in the
European Union and France), many of them were approved, having entered into force. The
most important ones are the directive Climate Package at the European Union level, the French
regulations Grenelle I, Grenelle II, and the National Renewable Energy Action Plan (NREAP).
Following these regulations will be briefly discussed.

In the EU, in 2009, the European Directive 2009/28/EC, also called the Climate Package
or “20/20/20”, was approved. This Directive defined that the European targets for 2020, having

as the reference CO2 emissions levels of 1990, are (i) a decrease of 20% in the CO2 gas
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emissions, (ii) an increase of 20% in energy efficiency, and (iii) an increase of 20% in the use
of RSE. As each country established its targets individually in common agreement with the
European Union, the French government deployed them into the following new targets: a
decrease of 14% in CO2 gas emissions, an increase of 20% in energy efficiency, and an increase
0f 23% in the use of RSE. Due to its numbers, this regulation is also called in France “14/20/23”.
The Climate Package directive also required that each European National Member present and
submit to the European Union an action plan and a roadmap to achieve their individual targets,
with a follow-up report every two years.

In France, also in 2009, the process called “Le Grenelle de Environnement”, after
discussion by the French parliament generated the approval of the Grenelle I law. The Grenelle
I law established objectives and targets related to climate change and Energy, encompassing
aspects such as buildings, energy efficiency renovation for households, urban planning,
transportation, financing, and energy targets (the French Climate Package targets — *“14/20/23”).
A French national committee was responsible for monitoring the outcomes of Grenelle I and
suggesting improvements.

In 2010, the “Le Grenelle de Environment II” law entered into force, which specified
the Grenelle I objectives and targets to facilitate their implementation. It defined policies
regarding the Energy supply side and the energy demand side.

Also, important to highlight that, in 2010, the French government established the
National Renewable Energy Action Plan (NREAP), which deployed the France 2020 renewable
energy targets (increase to 23% of the share of energy generated from renewable sources) into
the specific targets for Heating and cooling (+33%), Electricity (+ 27% ) and Transportation:
(10.5% of energy demand provided by RSE).

Regarding the mechanism used by the French government to limit GHG emissions and
to promote RSE generation, the following ones were identified: Investments subsidies (Energy
efficiency measures for fuel poverty alleviation, in 2009), tax credits (Property tax exemption,
Reduction of the Valued Added Tax), Soft loan (Finance Law — zero % Eco-loan), Fixed price
feed-in tariffs (Biomass, 2009), Environmental taxes (Grenelle I and II- carbon tax, 2010) and
Simplication of authorization procedures (Grenelle II regarding Windpower).

Figure 23 shows the main regulations related to the Energy sector at the Institutional
environment level (World, European Union, and France). The flows show the national

transpositions, influences, and updates of the regulations identified.
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Figure 23 - Main regulations and their interplay at the Institutional environment level between 2009 and 2010..

ulations and their interplay at the Institutional level (EU and France) from 2009 to 2010

OBS: The regulations painted in orange are related to the openness of the electricity market, while those painted in green are related to the control of GHG emissions. The

flows show the National transpositions, influences, and updates of the regulations identified

Source: Author
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ii) Institutional environment level changes effects on the Firm-level
o [Effects on the Firm’s Strategy

For 2009 and 2010, Alpha adopted a new Strategic Vision, which was deployed into
strategic priorities and objectivities, as follows (Table 19).
Strategic Vision — “Alpha is an integrated energy company with a presence in a wide range
of electricity-related businesses: generation, transmission, distribution, supply, and energy
trading”.
Objective — “to find the best balance between French and international activities, competitive

and regulated operations and based on an upstream-downstream integration”.

Table 19 - Alpha Strategic priorities 2009-2010.

Strategic Objectives
priorities

Provide new competitive and carbon-based energy product offers to its
customers, including gas and services;

Adapt and modernize its electricity generation fleet by improving its

1 - Reinforcement of performance and increasing its useful operating life;

its European
leadership and long- |Prepare to renew nuclear facilities and retain Alpha’s technological edge;

term competitive

In the distribution business, implement a policy of sustained investment in
advantages

electricity networks by promoting innovative technology that generates
electricity efficiency in the context of solid demand growth due to the
rapid expansion of decentralized production

To be the leader in efficient energy solutions

Expand the energy management and decentralized renewable sources
services offers

Issue energy saving certificates through solutions development with clients.

2 - Promotion of |Develop multi-source energy as an integral part of buildings
energy efficiency, |(photovoltaics, heat pumps, etc.) through Alpha Distributed Renewable
renewable sources, [Energy (ADRE)

and environmentally [pyomote the development and future commercialization of electric vehicles

efficient and rechargeable hybrids
technologies

Achieve 4,200 MW of centralized production of renewable Energy in
2012 (including 500 MW for solar generation).

Take advantage of the newest coal technologies, such as the supercritical
coal-fired, and capture, transportation, and storage CO2 technologies

Exploration of large hydroelectric infrastructures projects

3 - Be a major Extend the operational life of nuclear power plants and to project new

player in the global |nuclear plants
revival of nuclear

Energy

Source: A5 and A6 documents.
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Below follows a statement from the Alpha’s report (2010) regarding the influence of the new
Grenelle de I’Environnement on Alpha’s firm

“The European climate policy and the “Grenelle de I’Environnement”
in France, with its “50 measures for renewable energy” have created a
very ambitious framework.

Alpha is particularly active with regard to:

* the downstream energy efficiency: the Alpha’s target is to be the
leader in efficient energy solutions. In France, Alpha’s aims to increase
each year the number of customers subscribing to energy management
and decentralized renewable sources offers or services and produce
energy-saving certificates by its actions with clients. It is also
developing product offerings based on energy management and
encourages the development of multi-source energy as an integral part
of buildings (photovoltaics, heat pumps, etc.) via its subsidiary Alpha
Distributed Renewable Energy. Moreover, Alpha aims to promote the
development and future commercialisation of electric vehicles (“VE”)
and rechargeable hybrids (“VHR”).” A6 document (2010, pg.40).

Therefore, the setting of European climate policy and the “Grenelle de I’Environnement
I/IT” laws in France have created a Legal framework encompassing many different actions to
pursue a reduction of GHG emissions, such as the setting of goals (RSE, GHG, and energy
efficiency), the deployment of RSE goals through specific goals by the National Renewable
Energy Action Plan (NREAP), tax reliefs to incentive low emission vehicles, feed-in tariffs to
promote the use of RSE, loans for residentials to increase the use of energy efficiency
equipment, building energy certificates procedure, White certificates, and incentives to low
emission transportation modes.

Therefore, Alpha’s strategy analysis identified that the need to accomplish
environmental regulations framed Alpha’s strategy at a much more significant level than in the
years before. It is noticeable that all three strategic priorities addressed the requirements posed
by environmental regulations, directly responding to them. It indicates that achieving a low
carbon emission energy mix formed the core of Alpha’s strategy, consisting of intense nuclear
energy generation and RSE development.

According to Alpha, nuclear Energy was widely accepted as a central element in
attending to the increasing demand for reducing CO2 emissions, which could combine
competitiveness with self-sufficiency and low CO2 emissions. In this regard, Alpha recognized
itself as a world leader in nuclear energy, with the world’s largest nuclear capacity generation

and capabilities in the area, mastering all the technical aspects related (Engineering, architect
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assembler, etc.). In this direction, efforts were developed to extend nuclear power plants'
operational life and project new nuclear plants.

Therefore, Alpha’s strategic priorities continued and expanded many initiatives already
started by Alpha in the previous periods. In this regard, although the renewable generation target
for 2012 was the same, with a strong focus on centralized wind generation, there is also an
intention to be the leader in energy efficiency solutions through increasing energy management
services and decentralized renewable sources offers. With this objective, Alpha held dedicated
subsidiary firms to energy services offers (Alpha Services Energy) and RSE development
(Alpha Renewable Energy and ADRE).

Identifying new uses for electricity, such as the development of electric vehicles, the
requirements related to the implementation of the smart cities concept, and energy solutions to
customers, seems to have received much attention from Alpha to pursue new business
opportunities. This intention required the establishment of Alliances and partnerships with other
firms and research centres to develop new technologies and access complementary capabilities,

allowing risk-sharing and cost reduction.

o Effects on the R&D initiatives, goals and priorities

Alpha’s R&D Goals in 2009 kept the Goals of 2006 to 2008 (tables 6 and 7), although
Alpha’s strategic priorities have changed, being updated just in 2010.

Alpha’s R&D efforts affirmed its objective to proceed with a multidisciplinary approach,
integrated with Alpha businesses and Alpha’s firms, to facilitate the synergies achievement and
know-how transfer. Around 30% of the R&D budget (486 million euros in 2010) was allocated
to medium and long-term projects related to the priority areas of Alpha’s R&D. Besides, almost
19% of this budget was dedicated to the protection of the environment, involving research on
energy efficiency, the uses of electricity to replace fossil fuels, renewable energies, the local
impacts of climate change and other environmental issues. Alpha developed simulation
solutions using advanced computing resources to carry out its work.

In this period, R&D recognized the importance of openness to external innovation and
its integration into industrial processes. In this direction, Alpha executed two actions: firstly,
promoted innovation internally using external collaboration aiming to accelerate the project
time development (“time to business”) of products and services. Secondly, developed an

opening to external innovation through building networks.
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Therefore, in the context of significant changes in the energy business environment, the

R&D goals were built to contribute to making Alpha a global industrial group of carbon-free

electrical systems and were broken down into three major axes, as presented in figure 24.

Figure 24 - Alpha’s R&D strategic goal and deployment (major axes) - 2010.

Alpha’s R&D strategic goal

Contribute to make Alpha a global industrial group of carbon-free electrical systems

v

-

\

1 - Consolidate and develop a
carbon-free energy mix

Aiming to prepare Alpha for future stricter
environmental requirements, three major
priorities were identified:

* The perpetuation of the nuclear
advantage of the Alpha (through an
increase in lifespan of existing plants and
design of new power plants),
Development of renewable energies
(through identification of competitive
technological breakthroughs, acquisition
of the technological skills and the
integration of renewables in the energy
mix) and the

Evaluation of the industrial carbon
capture and storage solutions. Related
to this last priority, Alpha built a CO2
capture demonstrator at the Alpha du
Havre coal-fired electricity production.

2 - Promote flexible, low-carbon energy
demand

Using new information technologies, experiments
with “smart grids”, prepare the development of
new uses for electricity, and the development of
“smart cities” concept, Alpha worked to support
dynamic energy demand management, efficient
energy solutions offer and improving
relationships with customers. These intents were
based on the following priorities:

* To gain better knowledge of customers’ needs
to innovate in customer relationship methods
and tools, to adjust Alpha’s services offers, and
to allow customers groups to become energy
players;

Innovate on new uses for electricity, such as for
electric mobility, for the pump heat and
develop more efficient buildings;

Support innovations required by the “smart
cities” concept through optimizing local
network infrastructure and their management
(transport, treatment of waste, buildings,
energy production, networks). Particularly,
Alpha was involved with the electric mobility
concept, supporting many experiments related
to charging infrastructure development, battery
performance, and electricity safety.

3 -Adapt the electricity system to
these new challenges

The need to integrate RSE, manage
information from different network users,
and control energy consumption, posed
essential challenges, which Alpha’s R&D
addressed through the following priorities.
* Anticipate the emergence of new
technologies and the evolution of energy
landscape, developing prospective
scenarios (macroeconomic environment
global and energy policies, competitive
environment and regulatory) and
respective models where is analyzed
how to manage the supply-demand
balance better;

Insert decentralized intermittent energy
production by providing innovative
solutions to solve operational problems
(withstand voltage, etc.) and
connectivity issues.

Improve the management of network
assets (ageing, automation, metering
solutions).

Source: Author based on A5 and A6 documents.

Alpha has also continued developing partnerships with academic research partners,

technical centres, and other firms. Related to these partnerships, Alpha’s report (2010, pg.
190) states: “These partnerships aim to maintain our expertise at the highest level worldwide
in certain fields representing the heart of Alpha’s goals and to complete our internal fields of
knowledge”. For these purposes, Alpha also increased the creation of alliances and joint
ventures with other firms. For example, in the promotion of electric vehicles, in 2009/2010,
Alpha reinforced and strengthened its active partnerships strategy with auto manufacturers,

such as Renault, PSA, and Toyota, to develop new technological solutions capable of low-
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emission (hybrid) or zero-emission (electric) vehicles. In this direction, Alpha signed an
agreement to develop a recharge system enabling communication between recharge terminals
and electric vehicles, called “power line communication” (PLC). At last, in 2010, Renault
Trucks and Alpha signed a partnership agreement to develop electric trucks and commercial
vehicles to transport goods in urban areas. Besides, in 2009, Alpha structured a joint venture
called Cross Energy Nuclear Group, and in 2010, an Alpha wholly-owned subsidiary created
a new company in the energy efficiency field.

Alpha started the openness to external innovation and its integration into industrial
processes to accelerate the “time to business” of products and services and through building
networks, in a process that can be identified as Open Innovation (H. Chesbrough, 2004). Below
follows a statement from Alpha’s report (2011):

“Alpha’s R&D strengthens its ability to promote internal innovation
and develop openness to external innovation. Its objective is to succeed
in integrating innovations into Alpha’s industrial processes. The
approach revolves around two actions: better promote innovation
internally and accelerate the "time to business" by actions in
collaboration with the professions aimed at reducing the
industrialization (a dedicated team selects projects, organizes and
drives their industrialization, protects and promotes the intellectual
property and/or the potential for expertise) on the one hand, and develop
an opening on external innovation, analyze, select and, if necessary,
implement demonstration of external innovations and build relay
networks in the trades on the other hand.” Alpha’s report (2011, pg.
211).

At last, Alpha stated that technological innovations could lead to deep changes in
electrical systems and local energy sources because some thematic fields, such as smart grids
and smart cities, are transversal and require integrating knowledge from different subjects,
such as the ability to manage Complex Systems. Below is a statement from Alpha’s report
about this particular aspect:

“The inclusion of renewable energies can profoundly change the
technical and economic fundamentals and create large networks in
Europe but also elsewhere in the world. Technological innovations
have an impact on trades in commerce, networks and the production
of electricity from renewable energies. They lead to profound changes
in electrical systems and local energy sources. They also have an
impact on the fundamentals technical and economic aspects of the
European electricity system. So the three thematic (smart grids, smart
cities and super grids), are transversal and require system consistency
in the research orientations of trades and interactions between trades.
In this context, it is important for R&D to further develop its ability to
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control complex systems by strengthening its integrative skills on
subjects with crossroads of different professions and in support of the
strategy.” A6 document (2010, pg 212).

Therefore, the focus of the R&D goals in 2009-2010 was the development of RSE and
its integration into the energy grid, the support of dynamic energy demand management with
the use of smart grids, the development of customers services solutions aiming to improve
energy efficiency, the development of the solutions to support the smart cities concept, and the
development of zero-emission mobility solutions.

Alpha kept with the strategy to hold subsidiaries dedicated to services customer offer
(Alpha Services Energy) and the development of RSE (Alpha Renewable Energy), firms in
which Alpha owned 34% of the shares (Alpha Services Energy) and 50% of the shares (Alpha
Renewable Energy). The Alpha Renewable Energy subsidiary also continued many initiatives
already started in the previous years: developing new technologies in renewables and

developing high-density batteries.

o Effects on the Firm’s Innovation capability.

The analysis of Alpha’s business strategy and the R&D goals in the period of 2009-2010
indicates that they were influenced by the European Directive known as the Climate Package
(14/20/23), which transposed into the French national environment level, generated many
regulations, been the most notable the Le Grenelle I/II and the NREAP(2010). Also, regulations
were created related to the openness of the Transmission activity to the competition, limiting
the role performed by incumbents. These new regulations created a new business environment,
with more competition and challenging targets to reduce GHC emissions.

In this new business environment, Alpha decided to be one of the world’s leaders in the
low CO2 emission environment, impacting Alpha’s strategy and deployment of the Innovation
capability. In this direction, Alpha’s R&D goals (the three axes) are mostly related to the
concept of Exploration (Benner & Tushman, 2003), which is closely associated with the search
for radical innovation, and substantially differs from the current technological path. In this
regard, It seems that the R&D goals did not represent a fundamental change in the actions
already started in the program “12 challenges”. Instead, it may have represented a definition of
more focused and specific development of technologies and solutions related to the Alpha

business and strategic priorities, having continued many initiatives.
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Therefore, data analysis indicates that Alpha’s Innovation capability was developed to
support the Alpha strategic priorities chosen, such as: the achievement of a generation mix with
low CO2 emissions, through the development of RSE and the expansion of the timespan of
Nuclear Energy, the increase of the customers’ services offers (including aspects such as the
energy efficiency and the support of decentralized generation), the development of grids (smart-
grids) that allow the integration and management of different sources of energy, and the
promotion of new use for electricity Energy. Many initiatives started between 2006 and 2008
by Alpha continued (such as developing new technologies for RSE) once they had already
addressed the same priorities established. Developing a smart-grid project and searching for
capture, transportation, and storage CO2 solutions can be listed among the new initiatives.

It is important to highlight that the increasing awareness about the need to complement
internal research and the reduction of “time to business” of products/services led Alpha to
increment the opening to external knowledge through Open Innovation initiatives. In this regard,
Open Innovation concept assumes that firms can and should use external ideas as well as
internal 1ideas, providing insights into how firms can manage inflows and outflows of
knowledge to improve their innovation achievements (H. Chesbrough, 2004),

Alpha Renewable Energy continued many initiatives already started: new processes for
manufacturing photovoltaic modules, new photovoltaic technology of the thin film type,
geothermal Energy, and submarine currents (tidal Energy).

Therefore, in Table 20 is presented the outcome of the R&D initiatives analysis, with

those identified as related to the Innovation capability for the period of 2009-2010.
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Table 20 — Identification of Alpha Innovation capability (2009-2010) deployed by routine.

Routines

Outcomes

Search for new
technologies

Alpha Renewable Energy continued developing the following initiatives: new
thin-film technology for photovoltaic cells, developing geothermal and tidal
Energy (Energy from maritime currents). The firm also set partnerships to
develop new transportation energy supply technologies (high-density
batteries).

Alpha developed the following alliances and joint-ventures: continued the
initiatives with Toyota and Renault to develop new technological solutions
with low-emission (Hybrid) or zero-emission (electric) vehicles. Started to
the project related to the electric mobility concept (charging infrastructure
development, battery performance, and electricity safety), and electric trucks
and commercial vehicles (alliance with Renault).

Besides, initiatives aimed to innovate in renewable energies and electricity
storage, to develop technologies and services aiming to energetic efficiency
for houses and buildings, and continued partnerships with universities and
research centres to complete internal fields of knowledge and share costs.
Alpha also developed efforts to the search for solutions to CO2 capture,
transportation, and storage.

Cross functional
product
development

Alpha aimed to increase services offer to customers, including efforts in
integrating new technologies; to develop intelligent networks incorporating
local energy sources; and develop technologies and services aiming energetic
efficiency for houses and buildings.

Open Innovation initiative.

Process and
Equipment
development

Development of new processes for manufacturing photovoltaic cells and the
digital simulation development.
Open Innovation initiative.

Source: Author based on A5 and A6 documents.

It is important to highlight that, following the Open Innovation concept (H. Chesbrough,

2004), the Open Innovation initiative, intended to accelerate the project time development

(“time to business”) of products and services, can be associated with the cross-functional

product development routine. Nevertheless, opening Alpha to external innovation through

building networks can also be associated with the Process and Equipment development and

Search for new technologies routines because it addresses integrating external innovation into

Alpha’s industrial process.

The analysis shows that in this period, French national regulations changes created a set

of regulations (the Climate Package regulation setting the 14/20/23 goals, the Grenelle I and II,

NREAP, RSE feed-in tariffs, Eco-loans) that included a broad range of mechanisms to achieve
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the goals related to GHG emissions and the increase the use of RSE. This set of regulations
triggered Alpha’s strategy changes in the same direction. Both changes (regulations and Alpha
Strategy) affected Innovation capability development (table 20), aiming to develop new
renewable technologies, electric mobility solutions, better customer service, and intelligent
networks project). Therefore, both changes in the firm level (strategy and Innovation capability)
can be identified as an outcome of the co-evolution property Multilevelness/ Embeddedness.

Alpha continued the partnerships with other firms, developing projects that addressed
the strategic priorities. In this direction, Alliances continued the joint development of
technologies to take advantage of new business opportunities with Toyota (Evaluate plug-in
hybrid vehicles in Europe), Renault (to create a large-scale zero-emissions individual transport
and travel system), and partnerships to develop new transportation energy supply technologies
(high-density batteries). Therefore, establishing partnerships and Alliances can be identified as
an outcome of the co-evolution property Multidirectional Causalities.

Alpha's strategic decision to invest in renewables led the firm to continue the
verticalization process of Alpha in manufacturing solar equipment, which can be identified as
an outcome of the co-evolution property of Nonlinearity.

The Alpha recognized leadership expertise in nuclear generation and continuous
investment in nuclear projects may have affected the decision to continue its commitment to
nuclear generation, which can be identified as an outcome of the co-evolution property of Path-
dependence.

The list of co-evolution properties identified in this period is available in Table 21.
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Table 21 — Co-evolution properties identified in the Alpha analysis 2009-2010.

Coevolution

Definition (Lewin at al.

Description of the Co-evolution properties identified (2009-2010)

properties (1999))
At the Institutional enviroment level, the Kyoto protocol goals influenced the EU directives,
which were transposed into the French Institutional environment level.
At the firm-level, the Alpha’s strategy was directly influenced by changes in the regulations:
i) The openness of the electricty market to competition led to developing actions aimed to
strengthen its relationship with its customers and increase the offer of energy-related
services,
Multilevelne | Coevolutionary effects ii) The national environmental regL.llations (C.lima-te l?{ickage, Grenelle I and II, and the
ss/ take place at multiple NRE?) led to the se?t of the following stre}teglc priorities; N
Embeddedn |levels within firms as well |~ Relnforf:ement of'its EuroPean leadership and long-term con.lpetltlve advantag'es;
ess as between firms; - Promotion of energy efficiency, renewable sources, and environmentally efficient
technologies;
- Be a major player in the global revival of nuclear Energy;
These strategic initiatives also influenced the Innovation capability development, which
aimed to make Alpha a global industrial group of carbon-free electrical systems. Therefore,
the focus were in consolidate and develop a carbon-free energy mix, promote flexible, low-
carbon energy demand, and adapt the electricity system to these new challenges.
Alpha identified the value of establishing partnerships with other firms, research
centres/organisms, and universities, with the objectives of maintaining expertise, completing
internal fields of knowledge, gathering knowledge around shared programs, and sharing
costs and risks of the upstream research.
In this direction, Alliances were created to joint development of technologies and take
advantage of new business opportunities with Toyota (Evaluate plug-in hybrid vehicles in
Organizations coevolve |Europe), Renault (to create a large scale zero-emissions individual transport and travel
with each other and with afsystem), and Nanosolar (Supply photovoltaic panels).
changing organizational |Alpha also entered partnerships to develop new transportation energy supply technologies
environment. Changes |(high-density batteries) with the companies that manufacture tramways and trolleybus,
Multidirecti may occur in all buses, and special vehicles.
onal interacting populations of [in 2010, Renault Trucks and Alpha signed a partnership agreement to develop the use of
Causalities | organizations, permitting |electric trucks and commercial vehicles for the transportation of goods in urban areas.
change to be driven by |Besides, in 2009, Alpha structured a new joint venture called Cross Energy Nuclear Group.
mutual direct interactions [Alpha also started the openness to external innovation and its integration into industrial
and by feedback from the processes to accelerate the “time to business” of products and services and through building
rest of the system. networks. This process can be identified as Open Innovation (Chesbrough, 2004).
As a consequence of  |Alpha increased its investments in firms dedicated to renewables through increasing of
indeterminate feedback |capital of Alpha Renewable Energy and the creation of ADRE, firm focused on providing
paths, changes in one |distributed energy systems (for example, rooftop solar panels, etc.).
i . |variable can produce quite|Alpha also developed a vertical integration in the solar businees, where ADRE also was the
Nonlinearity| .., nterintuitive changes |holding company for ADRE’s distributed renewable energy subsidiaries.
in another variable.
Organizations
systematically influence
their environments, and
organizational
Positive environments . .
Feedback | fundamentally comprised Not identified
of other organizations in
turn influence
organizations. These
recursive interactions
Adaptation in a The Alpha recpgnized leadership expertise in 'n'uclear gene.:ratio'n, and cqntinuous investment
Pafh and coevolutionary process is in nucle?ar projects n.1ay have e.lfff:ctejd the decision to continue its commitment to nuclear
History path- or history- generation, postponing the priority in renewables.
Dependence

dependent

Source: Author.
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Figure 25 presents the wrap-up of the analysis of the period 2009-2010 with the main
findings in this period. At the Institutional level, which is divided into three sublevels (World,
EU, and France), it is listed the main regulations identified related to the environment (yellow
column) and related to Electricity market openness (orange column). It can be noticed that some
regulations that were issued at one level are deployed (flows) to the other level. One example
is the EU Directive 2009/72/EC, which states that the Transmission network's independence
must be guaranteed, which was deployed to France through the Law 2010-1488.

At the firm level, it is presented the main aspects of the firm’s strategy, which, together
with the influences of the Institutional environment level, influence the Innovation capability
development. The outcomes of these developments are deployed by routine (Search for new
technologies, Cross Functional product development, Process and Equipment development).

Between the Institutional environment and Innovation capability levels, the co-evolution
process is highlighted, where four of five co-evolution properties were identified:
Multivelness/Embeddedness, Multidirectional Casualities, Nonlinearity, and Path and History

dependence.
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Figure 25 - Main findings of the analysis (2009-2010).

| Main environmental regulations

Electricity Market Openness

* GHG national reduction emission
targets;

» Climate Package (“20/20/20")

deployment;

Directive 2009/72/EC — Independence of
Transmission network must be
guaranteed;

World: Kyoto
Protocol
(97)
Institutional
environment | European
level Union
France

* New goals (12/20/23);

* Grenelle | and Grenelle I

» National Renewable Energy Action
Plan

* Renewable Feed-in Tariff Biomass

Law No 2010-1488 — ended regulated
tariffs for industrial consumers

Coevolution properties identified:

* Multilevelness/Embeddedness - Ok
* Multidirectional Causalities - Ok

* Nonlinearity - Ok

» Positive Feedback - X
» Path and History Dependence - Ok

Firm
level

Innovation capability

Strategy

Search for new
technologies

Alpha Renewable Energycontinued |:

new thin-film technology for
photovoltaic cells, developing
geothermal and tidal Energy (Energ|
from maritime currents). The firm
also set partnerships to develop ne
transportation energy supply

technologies (high-density batteries).

Alpha developed the following
alliances and joint-ventures:
continued the initiatives with Toyota|
and Renault to develop new
technological solutions with low-
emission (Hybrid) or zero-emission
(electric) vehicles. Started to the
project related to the electric mobilit
concept (charging infrastructure
development, battery performance,
and electricity safety), and electric
trucks and commercial vehicles
(alliance with Renault).

Besides, initiatives aimed to
innovate in renewable energies and
electricity storage, to develop
technologies and services aiming to|
energetic efficiency for houses and
buildings, and continued
partnerships with universities and
research centres to complete
internal fields of knowledge and
share costs. Alpha also developed
efforts to the search for solutions to
CO2 capture, transportation, and
storage.

Cross
functional
product
development

- Alpha aimed to
increase
services offer to
customers,
including efforts
in integrating
new
technologies; to
develop
intelligent
networks
incorporating
local energy
sources; and
develop
technologies and
services aiming
energetic
efficiency for
houses and
buildings.

- Open
Innovation

Process
and
Equipment
developme
nt
(continuation
) New
processes
for
manufacturin

photovoltaic
cells and
digital
simulation
development
. Open
Innovation.

Strategic priorities

1 - Reinforcement of its European
leadership and long-term competitive
advantages

2 - Promotion of energy efficiency,
renewable sources, and
environmentally efficient

3 - Be a major player in the global
revival of nuclear Energy

Alliances, Partnerships, acquisitions

- Alliances and partnerships: Toyota, Renault,
PSA and Cross Energy group

Source: Author.
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c.4) Period 2011-2014

In this section, the study approaches the period between 2011 and 2014. During this
period, at the world Institutional environment level, the Doha Amendment (2012) to the Kyoto
protocol established a new target reduction of 20% for the 2013-2020 second commitment
period for developed countries. At the European Institutional environment level, in 2014 was
approved a new Climate Package, establishing new ambitious targets (2030): a reduction of 40%
in GHG emissions, an increase of 27% in the use of RSE, and an improvement of 27% in Energy
Efficiency. At the firm level, in 2011, a new Strategic Vision and new R&D department goals

and priorities was released.

i) Institutional environment level.

The institutional environment is divided into three sublevels: the world, where the
United Nations coordinates actions, the European Union coordinates actions in the scope of its
National members, and France’s national environment. The French environmental legal
framework is substantially influenced by EU law as legislation consists, to a certain extent, of
transposed EU Directives and directly deploys EU Regulations. The main regulations identified
in this period are shown in Appendix 8.

The analysis of the Institutional environment level sheds light on the increasing concern
about the effects of GHG emissions and their impacts, calling for stricter regulations at all levels
of the Institutional environment (World, European Union, and France).

Important to highlight that the Fukushima nuclear accident in 2011 in Japan led to a
significant reconsideration of nuclear generation worldwide. Some countries decided to reduce
their dependence on nuclear generation, while others decided to reinforce protective measures,
revise their regulations, and improve the safety assessments of the Electricity utility firms that
manage nuclear energy generation (Lipscy et al., 2013). In this direction, countries like
Germany and Japan significantly reduced the number of nuclear plants in operation, scheduling
the completely phase-out in the following years. On the other hand, the French government
decided to improve its safety measures, incorporating the Fukushima accident lessons, and
continue relying strongly on nuclear generation as an essential means to have an energy mix
generation guaranteeing low GHG emissions, competitiveness, and national independence.

Therefore, there is the emergence of an even more challenging business environment for

the Electricity utility industry, where some regulations can be highlighted.
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In 2012, the Doha Amendment to Kyoto Protocol established a new worldwide target
reduction of GHG emissions of 20% for the 2013-2020 second commitment period for
developed countries and economies in transition (37 countries). Nevertheless, it can be noticed
that the EU had established this target for its national members in 2009, three years before the
Doha Amendment.

At the European Union level, in 2012, the European Union adopted a directive on energy
efficiency (2012/27/EU) aiming to leverage the energy savings outcome of 20% energy savings
by 2020 and establish a common framework for promoting energy efficiency within the EU.
Each EU country had to transpose this Directive before June 5, 2014, and draw up related action
plans every three years.

Furthermore, in 2014 was approved by the European Union a new Climate Package,
establishing new ambitious targets for National Members to be achieved in 2030: a reduction
of' 40% in GHG emissions, an increase of 27% in the use of RSE, and an improvement of 27%
in Energy Efficiency.

Aiming to achieve the French national targets, a set of regulations were established, such
as the French law of July16® 2013 (article 40, attending the Directive 2012/27/EU), which
allowed energy audits to be conducted for large firms every four years; in 2014 the approval of
tax exemption for private operators that build, maintain, or operate public Electric Vehicle
charging infrastructure in public space if the charging points are located in at least two regions;
and the release of "National Energy Efficiency Action Plan" (NEEAP), detailing efficiency
measures sector by sector to improve energy efficiency by 20 % by 2020.

Regarding the mechanism set by the French government to limit GHG emissions and to
promote RSE generation, the following ones were identified: Fixed price feed-in tariffs
(Biomass), Tax credits (Tax exemption for the use of public space), mandatory Efficiency
energy audits for large firms every four years, Mandatory charging infrastructure (since 2012,
the government requires all new parking garages to include a certain number of charging
stations in parking areas), and Investment for the future (fund dedicated to local authorities
willing to deploy charging infrastructure for Plug-in vehicles).

Figure 26 shows the main regulations related to the Energy sector at the environmental
level (World, European Union, and France). The flows show the national transpositions,

influences, and updates of the regulations identified.
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Figure 26 - Main regulations and their interplay at the Institutional level between 2011 and 2014.

Main regulations and their interplay at the Institutional level (EU and France) from 2011 to 2014

257 - yoto Frotoco MY

OBS: The regulations painted in green are related to the control of GHG emissions. The flows reflect the regulations deployments or regulations national transpositions.

Source: Author.
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ii) Institutional environment level changes effects on the Firm-level

o Effects on the Firm's Strategy

In 2011, Alpha updated its Strategic Vision (figure 27) and Strategic Priorities (Table

22), as follows:

Figure 27 - Alpha's Strategic Vision for 2011-2014.

Strategic Vision

Set global standards as <
the leading electricity
company

—

——

- To seek the best production mix, adapted to technical,
economic, and environmental conditions, in every
country where it conducts business, involving close
partnership with the various public authorities
concerned and all stakeholders;

- To ensure the quality of service in terms of the
volumes delivered to customers taking advantage of its
industrial mastery of the entire electrical chain
(generation, grids, etc.);

- To extend and increase high-performance uses of
electricity, mainly those related to the concept of the
sustainable city”, such as the Energy efficiency
requirements (demand management), smart grids, and
electric mobility;

- To adopt a worldwide scope to seek growth where it
can be found by diversifying generation types and
countries;

- To pave the way for tomorrow’s solutions through
pursuing innovation on all the links of the integrated
chain of generation, transmission, distribution,
marketing, services, and trading.

Source: A7, A8, A9 and A10 documents.
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Table 22 - Alpha's Strategic Priorities for 2011-2014.

Strategic priorities Objectives
Alpha recognized itself as holding industrial expertise in generation,

1 - Strengthening the
Group’s competitive
advantage on its existing
bases

transmission, distribution, and downstream processes (marketing,
efficiency, and energy management services) that allow it to be an
integrated player in the design, building, and operation of resources.

Develop its international footprint and value the diversity of its
expertise, by developing value-building projects through
partnerships with local players.

In terms of generation, Alpha aims to maintain its position as the
world’s leading player in low-carbon energy:

- In nuclear power, which allows low CO2 emission and essential
part of the global energy mix;

2 - Responding to the
diversity of its customers
worldwide by developing

value-building projects

through partnerships with
local players

- New renewable energies, for which Alpha aimed to grow its
portfolio and develop innovations, such as tidal turbines;

- in hydropower;

- In thermal power plants, with the environment-friendly
technological expertise and know-how in terms of project
management.

Alpha increased its efforts in innovation and R&D to prepare for the

future in a context of global warming, supply safety, and the
continuous increase in the global electricity demand. The main
efforts are focused in the development of the following aspects:

- Low CO2 emission generation means, through the use of
traditional technologies and development of a new generation of
technologies, such as photovoltaic electricity, solar concentration,

3 - Controlling the future |off-shore wind farms, tidal turbines, and the development of power
by combining the unique |storage;
expertise of Alpha and | - CO2 capture and storage, linked to the sustainable use of coal;

anticipating long-term | - Increase the lifespan of materials, particularly the replacement of
needs some large equipment to improve operating performance and the
level of safety;

- Networks, mainly through the development of smart electric
systems;

- R&D efforts in sales & marketing through local energy solutions
and efforts to develop low-carbon buildings at reasonable prices,
smart buildings, and efficient use of electricity for transport,

comfort, or industry.

Source: A7, A8, A9 and A10 documents.

The analysis shows that the continuous setting of challenging environmental regulations,

such as the European Union regulation (2014) (setting 2030 targets with a reduction of 40% of
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the GHG emissions, an increase of 27% in RSE, and 27% in Energy Efficiency), regulations
proposing incentives to the use of RSE, DG, and Electricity mobility, and the development of
new technologies seemed to have strongly affect Alpha strategy.

Alpha’s strategy analysis revealed that it was identified a profound transformation in the
Electricity utility industry with the emergence of a new business environment. Concepts such
as the free-carbon society, sustainable cities (which includes mobility through the promotion of
the development and future commercialization of electric and plug-in hybrid vehicles, and low-
carbon buildings), and the increasing demand for energy services brought a whole new scope
of applications for electricity and opened new avenues of business opportunities.

Thus, Alpha recognized itself as holding unique cutting-edge industrial expertise in all
the activities of the value chain of the electricity sector, allowing the aspiration to be the firm
that would set the global standards of the Electricity utility industry, stating the ambition to
become the leader in carbon-free Energy.

Important to note that the Alpha R&D strategic goal in 2009 and 2010 (“Contribute to
make Alpha a global industry group of carbon-free electricity systems”) also seemed to have
influenced the new 2011-2014 Alpha’s strategy, as it worked in the same direction of the
carbon-free electricity system.

In this direction, Alpha planned to increase the participation of renewable energies from
19% in 2010 to 25% of the electricity generation fleet by 2020, alongside nuclear generation

and management of electricity demand (figure 28).

Figure 28 - Alpha Target: 75% of the electricity generation fleet to be carbon-free in 2020.

2010

137 GW net, 162 GW net,
158 GW gross 200 GW gross

Nuclear Coal and gas Renewable energies
\

Source: A7 and A8 documents.
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This finding follows Chesbrough (2010), who stated that one of the primary triggers for
firms to rethink their business model is the emergence of disruptive technologies. In the
particular case of the electricity utility industry, the development of new technologies has great
potential for disrupting the current energy system (Richter, 2012), challenging the traditional
way electricity is produced and commercialized, and having a heavy impact on the consumption
part of the electricity power value chain.

Aligned with this strategic view and priorities, Alpha continued its strategy to be a highly
verticalized firm with dedicated subsidiaries to provide energy services (Alpha Services Energy
and Alpha Services Energy-2 ) and RSE development (Alpha Renewable Energy). Thus, in the
strategic fields of services and renewables, Alpha decided to assume complete control of its
dedicated subsidiaries: Alpha Renewable Energy (2011), Alpha Distributed Renewable Energy
(ADRE, in 2012), and the dedicated photovoltaic solar firms ADRE-6 and Alpha Solar 1 (2012).
In 2014, Alpha took control of Alpha Services Energy and Alpha Services Energy-2, the
dedicated services firms.

Alpha Services Energy-2, which partners with local authorities in urban
transformation, has expertise in lighting (street lighting, illuminations) and public transport
management (signalling, traffic management, management and optimization of electric
vehicle charging infrastructure, and video surveillance).

At last, ADRE-6 decided in 2013 to relocate its module assembly business to France,
which made the firm a "100% made in France" manufacturer and one of the top two integrated
manufacturers in the EU involved at each stage of the manufacturing process of purified silicon
for photovoltaic modules. Alpha Distributed Renewable Energy also holds stakes in
photovoltaic solar power specialized firms (full control of ADRE-7, and a shared stake in Alpha
Solar 2).
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o Effects on the R&D Goals and Priorities

The global energy context and the main goals of the Alpha R&D is shown in the figure 29

Figure 29 - Global Energy context and Alpha R&D goals.

Depletion of fossil
resources

Global warming
concerns (and
associated regulations

to limit GHG 1 - Contribute to the improvement
emissions)

Alpha’s R&D Goals

in the performance of the

(€115)sr:1 1| Rapid development of . .
emerging countries ‘ operational units;
energy

context Significant 2 - Identify and prepare mid and
development of
information long-term growth vectors and;

technologies in the

energy environment 3 - to anticipate the significant

Energy customers challenges facing the Group in the
becoming energy global energy context.
producers

(“Prosumers”)

Source: A9 and A10 documents.

The following R&D priorities were established in this context to address these
challenges:

- Consolidating and developing a carbon-free energy mix — To ensure the effective
coexistence of traditional generation resources, particularly by improving the safety and
performance of the current nuclear fleet and extending its life span with the development of
new RSE. In this direction, follows one statement from Alpha’s report:

“R&D’s objective for renewable energy is to identify technological.
breakthroughs with significant competitive implications and contribute
to the development of the most promising technologies, in partnership
with the academic and industrial world. EDF is studying several types
of renewable energy: hydropower, photovoltaic, onshore and offshore
wind power, thermodynamic solar, biomass, marine energy and
geothermal projects”. A10 document (2014, pg. 200).

Besides, the firm identified the need to prepare itself for new stricter environmental

requirements.
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Three primary goals are priorities: to perpetuate the Group’s nuclear power
dominance, develop renewable energy sources, and study the industrial feasibility of carbon
capture and storage.

- Prepare the electricity networks of tomorrow - Firstly, by optimizing the life span of
network infrastructure and, secondly, by facilitating the adaption of the electricity network by
improving the management of network assets, optimization models and economic scenarios
for new transport infrastructure projects, the insertion of intermittent energies and the
development of smart grids.

- Developing and testing new energy services for customers - Provide flexible low-carbon
energy demand through better demand awareness, increased customer energy efficiency, the
promotion of new efficient uses for electricity associated with RSE (heat pumps, electric
mobility, etc.), the development of technical and economic modelling to engineer buildings,
industry and sustainable cities, and the further integration of uses and consumption into the
electricity network via smart grids and tariffs.

To address these R&D priorities, Alpha set several partnerships with external
institutions, as follows:

- SEIDO, a joint research laboratory between Alpha and Telecom Paris Tech, on the Internet
of things and cybersecurity for electricity networks.

- the SEISM institute for earthquake modelling, comprising Alpha, Commissariat a I’énergie
atomique et aux énergies alternatives (CEA), Ecole Centrale de Paris (Engineering college),
Ecole normale supérieure de Cachan (university), and Centre national de la recherche
scientifique (CNRS);

- the Gaspard Monge programme for optimisation and operations research (PGMO), in
conjunction with the Jacques Hadamard Mathematical Foundation,

- the Mechanical Laboratory of Industrial Sustainable Structures, with Alpha, the (CNRS) and
the CEA Saclay since 2014;

- the joint Finance and Energy Markets Laboratory with Dauphine, the Ecole nationale de la
statistique et de I’administration économique (ENSAE) university, and the Ecole Polytechnique
(Engineering college).

In an initiative to leverage the openness to external innovation, in 2012, Alpha Venture
Capital was created, a venture capital fund for start-ups. Holding an initial investment

capacity of €90 million, the main purpose of the fund was to promote the emergence of
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innovative products using new technologies to meet the challenge of low-carbon energy

models. Follows the investments carried out by the firm:

v In 2012, Alpha Venture Capital invested in a French company specialising in smart grids,
and in a firm that developed an innovative gravity-based foundation solution for offshore
wind farms;

v In 2013, Alpha Venture Capital invested in two more companies, one of them in the field
of batteries and the other in the field of the energy optimisation of buildings;

v In 2014, Alpha Venture Capital invested in seven young companies, all of them connected
with one or more of Alpha's business lines, as follows: 1) a French smart grid company; ii)
a firm expert in energy optimization; iii) a French company specialized in battery design;
1v) a company that developed an innovative gravity-based foundation solution for offshore
wind farms; v) a German company specialized in fuel cells and electrolysis for stationary
storage; vi) a French company that is the world leader in the use of Lidar, a technology
based on lasers and their reflections off the atmosphere; vii) a French company that
designs, manufactures and markets an ultra-high performance composite wood and

insulation material construction system, Panobloc®.

o [Effects on the Innovation capability

The new business environment identified by Alpha, where the firm decided to be the
world’s leader in the low CO2 emission environment, impacted Alpha’s Strategy and
deployment of the Innovation capability. In this direction, Alpha’s R&D priorities are mostly
related to the concept of Exploration (Benner & Tushman, 2003), which is closely associated
with the search for radical innovation, and substantially differs from the current technological
path.

Therefore, Alpha’s Innovation capability analysis indicates that it was developed to
support the Alpha strategic priorities chosen, such as the achievement of a generation mix with
low CO2 emissions, through the development of RSE, the increase of the nuclear generation
safety, and the expansion of the timespan of Nuclear Energy, the increase of the customers’
services offers (including aspects such as the energy efficiency and the support of decentralized
generation), the development of grids (smart-grids) that allow the integration and management
of different sources of energy, and the promotion of new use for electricity Energy.

Follows a brief description of some initiatives and projects aligned with the concept of

Innovation capability:
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RSE - in partnership with universities and other firms, Alpha continued to study several types
of renewable energy: hydropower, photovoltaic, onshore and offshore wind power,
thermodynamic solar, biomass, marine energy and geothermal projects.

Smart meter - Alpha-DIS has developed a communicative meter system with its industrial
partners. It allows the bill to be calculated based on the customer's actual consumption, not an
estimate; allows many operations to be performed remotely, no longer requiring the customer's
presence (meter readings, power shifts, putting into service, etc.); improved monitoring of
electrical consumption leading to better management of energy expenditure.

Smart grid - Alpha-DIS is also involved in 15 research programmes on smart grids, where
different protocols, standards, technologies and business models are tested. Alpha also
coordinated the Grid4EU (Grid for You) European project, with the participation of six
European Distribution System Operators (DSOs). The concept involves working together to
achieve progress on:

v integrating decentralised renewables generation;

v automating and securing the electricity grid;

v/ giving customers an active role in managing their own consumption;

v' supporting the development of electric vehicles and electricity storage solutions.

Concept Grid: Concept Grid is a small-scale electricity network whose purpose is to test the
integration of the innovative equipment and “smart” systems that make up a smart grid before
installing them on the network. Concept Grid aims to prepare for changes in the distribution
network by studying the integration of new components and equipment derived from
information and communication technologies and facilitating demand management. It also
aims to facilitate the integration of decentralised generation by studying how generation
methods affect the electricity network and by conducting research into electricity storage
applications.

CO2 capture and storage - With external support, Alpha has installed a CO2 capture
research test unit on the Alpha carbon electricity generation power plant in Le Havre.

The Open Innovation process continued to be developed through forming partnerships
with firms (such as Telecom Paris Tech) and universities (Ecole Polytechnique, Ecole Centrale
de Paris). This process advanced with the creation of a venture capital fund for startups, Alpha
Venture Capital, in 2012 to promote the emergence of innovative products using new

technologies to meet the challenge of low-carbon energy models.
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Some projects started in the previous years became products and services, such as
Electric mobility and Sustainable city (in 2014, Alpha worked on 350 sustainable city projects,
and 290 in 2013). Follows a brief description of Electric mobility.

Electric mobility - As a result of the projects developed, Alpha became an industrial operator

in the electric mobility sector since 2011, offering:

v' consulting services for local authorities and businesses on the positioning and scale of
electric vehicle charging infrastructure;

v' the installation of charging infrastructure for all customer segments (residential, local
authorities and businesses, car parks and supermarkets);

v remote management and supervision of charging stations;

<

small-scale car-sharing solutions in urban areas;

v" Continuation of the “on-board energy” service, i.e. rental and maintenance with
performance guarantees for batteries for heavy vehicles (electric buses, trucks and river
shuttles).

Besides, since 2014, Alpha has been working alongside Grenoble city council, Toyota
and Cité Lib in a unique pilot scheme for car-sharing with 100% electric vehicles combined
with urban transport networks.

Table 23 presents the outcome of the R&D initiatives analysis, with those identified as

related to the Innovation capability for 2011-2014.
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Table 23 — Identification of Alpha Innovation capability (2011-2014) deployed by routine.

Routines Qutcomes

Alpha developed the following initiatives:

- RSE - in partnership with universities and other firms, Alpha
continued to study several types of renewable energies: hydropower,
photovoltaic, onshore and offshore wind power (studying technologies
for floating offshore wind turbines), thermodynamic solar, biomass,
marine energy and geothermal projects.

- Project to CO2 capture, transportation, and storage (pilot in the Le

Search for new
technologies

Alpha developed:
- Technologies and services aiming energetic efficiency for houses and
buildings.

Cross functional | Open Innovation initiative/ Alpha Venture Capital funded projects;

product - Electric mobility service (since 2011);
development ) ) )
- Sustainable city service;
- Electric Car-sharing project (2014);
Process and - Smart meter project;
Equipment - Smart grid projects (diverses projects);

development | - Open Innovation initiative/ Alpha Venture Capital funded projects;

Source: Author based on A7, A8, A9 and A10 documents.

Important to highlight that the Open Innovation initiative and the projects funded by
Alpha Venture Capital, can be associated with the three Innovation capability routines, as they
address aspects related to them.

The analysis shows that in this period, the French national government created a set of
regulations (the Climate Package regulation setting the 14/20/23 goals for 2020 and the
40/27/27 for 2030, the Grenelle I and II, NREAP, RSE feed-in tariffs, Eco-loans) that included
a broad range of mechanisms to achieve the goals related to the reduction of GHG emissions,
the increase of RSE and the increase of Energy Efficiency. This set of regulations seems that
triggered Alpha strategy changes in the same direction. Both changes (regulations and Alpha
Strategy) affected Innovation capability development (table 19), aiming to develop new
renewable technologies, a project to capture, store and transport CO2, electric mobility and
sustainable city services, better customer service, and intelligent networks (Smart grid projects).
Therefore, changes in the firm’s Innovation capability can be identified as an outcome of the

co-evolution property Multilevelness/ Embeddedness.
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Alpha continued the partnerships with other firms and universities, developing projects
that addressed the strategic priorities. Therefore, establishing partnerships can be identified as
an outcome of the co-evolution property Multidirectional Causalities.

Alpha's strategic decision to invest in renewables led the firm to continue the
verticalization process of Alpha in manufacturing solar equipment, which can be identified as
an outcome of the co-evolution property of Nonlinearity.

The Alpha recognized leadership expertise in nuclear generation and continuous
investment in nuclear projects may have affected the decision to continue its commitment to
nuclear generation instead of investing in RSE, which can be identified as an outcome of the
co-evolution property of Path-dependence.

The list of co-evolution properties identified in this period is available in Table 24.
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Table 24 — Co-evolution properties identified in the Alpha analysis 2011-2014.

COCVOlllt.l on Definition (Lewin at al Description of the Co-evolution properties identified (2011-2014)
properties (1999))
At the Institutional enviromental level, the Doha Amendment to Kyoto protocol goals
influenced the EU directives, which were transposed into the French Institutional
environment level.
The main French regulations were: Climate Package-14/20/23 for 2020 and 40/27/27
for 2030, Grenelle I and II, RSE feed-in tariffs, and the NREP.
i) At the firm-level, the Alpha’s strategy was directly influenced by these set of
. regulations and led to the following strategic priorities;
Multilevelnes | Coevolutionary effects take place at|_ Strengthening the Group’s competitive advantage on its existing bases
s/Embedded |multiple levels within firms as well | Responding to the diversity of its customers worldwide by developing value-building
ness as between firms; projects through partnerships with local players
- Controlling the future by combining the unique expertise of Alpha and anticipating long
term needs
ii) The set of regulations, as well as the Alpha's strategic priorities, influenced Alpha's
R&D priorities. Therefore, the focus were in consolidate and develop a carbon-free
energy mix, Consolidating and developing a carbon-free energy mix, and Developing
and testing new energy services for customers.
iii) From these R&D priorities, R&D projects were addressed.
Aiming to develop the Innovation capability, Alpha established partnerships with other
firms, research centres/organisms, and universities. The following ones can be cited:
- SEIDO, a joint research laboratory between Alpha and Telecom Paris Tech, on the
Organizations coevolve with each |Internet of things and cybersecurity for electricity networks.
other and with a changing - the SEISM institute for earthquake modelling, comprising Alpha, Commissariat a
organizational environment. I’énergie atomique et aux énergies alternatives (CEA), Ecole Centrale de Paris
Multidirectio Changes may occur in all (Engineering college), Ecole normale supérieure de Cachan (university), and Centre
nal interacting populations of national de la recherche scientifique (CNRS);
Causalities | organizations, permitting change to |- the Gaspard Monge programme for optimisation and operations research (PGMO), in
be driven by mutual direct conjunction with the Jacques Hadamard Mathematical Foundation,
interactions and by feedback from |- the Mechanical Laboratory of Industrial Sustainable Structures, with Alpha, the
the rest of the system. (CNRS) and the CEA Saclay since 2014;
Alpha increased its openning to external innovation through the creation of Alpha
Venture Capital fund, which supported many start-ups in projects of Alpha interest.
As a consequence of indeterminate Alpha continued its investments in its firms dedicated to renewables (Alpha Renewable
. Energy and Alpha Distributed Renewable Energy- ADRE) and energy services (Alpha
feedback paths, changes in one : .
. . . . Services Energy and Alpha Services Energy-2).
Nonlinearity variable can produce quite Alpha also developed tical inteeration in the solar busi here Alpha
R . pha also developed a vertical integration in the solar businees, where Alp
counterinturtive 'changes inanother Distributed Renewable Energy also was the holding company for Alpha’s distributed
variable. g
renewable energy subsidiaries.
Organizations systematically
influence their environments, and
organizational environments
fundamentally comprised of other
. organizations in turn influence
Positive organizations. These recursive Not identified
Feedback interactions result in
interdependencies and circular
causality; each firm influencing the
other and in turn being influenced
by the behavior of the other
Path and Adaptation in a coevolutionary [The Alpha recognized leadership expertise in nuclear generation, and continuous
History process is path- or history- investment in nuclear projects may have affected the decision to continue its commitment
Dependence dependent to nuclear generation

Source: Author.
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Figure 30 presents the wrap-up of the analysis of the period 2011-2014 with the main
findings. At the Institutional level, which is divided into three sublevels (World, EU, and
France), it is listed the main regulations identified related to the environment (yellow column)
and related to electricity market openness (orange column). It can be noticed that the main
regulations set were those related to environmental concerns once the Electricity market
openness in EU was already finished.

Figure 30 shows that some regulations that were issued at one level can be deployed
(flows) to the other level. In this regard, the Doha amendment to the Kyoto Protocol in 2012
seems that triggered a new process of setting goals and regulations in EU (such as the Energy
Climate Package) and France (such as the National Renewable Energy Action Plan).

At the firm level, it is presented the main aspects of the firm’s strategy, which, together
with the influences of the Institutional environment level, influence the Innovation capability
development. The outcomes of these developments are deployed by routine (Search for new
technologies, Cross Functional product development, Process, and Equipment development). It
was also identified the partnerships and Alliances set that are related to the Innovation capability
development.

Between the Institutional environment level and the Innovation capability level, it is
highlighted the co-evolution process, where four of five of the co-evolution properties were
identified: Multivelness/Embeddedness, Multidirectional Causalities, Nonlinearity, and Path

and History dependence.
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Figure 30 - Main findings of the analysis (2015-2021).
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c.5) Period 2015-2021

In this section, the study addresses the period between 2015 and 2021, which was
characterized, at the World Institutional level, by the UNFCC Conferences of the Parties in
Paris, France (COP-21) in 2015. The agreement's outcomes were deployed to the European
Institutional environment level, where regulations were issued supporting the EU’s long-term
strategy of achieving carbon neutrality (net-zero emissions) by 2050.

At the France institutional level, new regulations were issued to drastically reduce the
dependence on fossil fuels (decarbonization), by promoting RSE generation, electric mobility
and transportation, and renovation of homes and buildings to lower energy consumption levels.

At the firm level, Alpha followed the challenging regulations and gave one step further,
aiming to achieve carbon neutrality for its entire carbon footprint (direct and indirect emissions)
by 2050. Therefore, the increase in renewables development, energy storage, energy services,

and electricity mobility became the central focus of Alpha’s strategy.

i) Institutional environment level
The institutional environment is divided into three sublevels: the world, where the
United Nations coordinates actions, the European Union coordinates actions in the scope of its
National members, and France’s national environment. The French environmental legal
framework is substantially influenced by EU law as legislation consists, to a certain extent, of
transposed EU Directives and directly deploys EU Regulations. The main regulations identified
in this period are shown in Appendix 9.
At the world Institutional environment Level, in 2015, the 21% Conference of the Parties
(COP 21) in Paris reached a new agreement, which included commitments from all countries
to reduce their GHG emissions and work together to adapt to the impacts of climate change and
calls on governments to strengthen their commitments over time. The Agreement also provided
a pathway for developed nations to assist developing nations in their climate mitigation and
adaptation efforts while creating a framework for the transparent monitoring and reporting of
countries’ climate goals. The main goals set were:
v Reduction of global GHG emissions to limit the global temperature increase in this
century to 2 degrees Celsius while pursuing efforts to limit the increase even further to 1.5
degrees;

v' Review countries’ commitments every five years;
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v" Provide financing to developing countries to mitigate climate change, strengthen
resilience, and enhance the ability to adapt to climate impacts.

This agreement, ratified by 168 countries and the European Union, came into force on
November 4, 2016.

At the France environment level, in 2015 it was established the Law on Energy
Transition for Green Growth (LTECV). The LTECYV set the following targets deployments:

v GHG Emissions: Reduction of 40% in 2030 and a reduction of 75% in 2050;

v" Final energy consumption: Reduction of 50% by 2050 for 2012, with an intermediate
target of reduction of 20% in 2030;
Fossil fuels Energy consumption: Reduction of 30% in 2030 in comparison to 2012;

v Renewable energy: Reduction of 23% of gross final energy consumption in 2020 and
reduction of 32% in 2030;

Also, in 2015 and 2016, electric mobility received much attention from the French
government, with many regulations to promote its diffusion (government fleet renewal, tax
benefits) and related charging infrastructure (ADVENIR regulation). In this regard, important
to highlight the goal of achieving 8 million charging points for electric vehicles by 2030.

Aligned with COP-21 directions to mitigate Climate Change and giving one step
further, the European Union established a new set of regulations revising the 2030 and 2050
targets: The Clean Energy Package, finalized in 2019, and the Green Deal (2020), should
enable the European Union to become carbon-neutral by 2050.

Therefore, following the new EU directives, at the France Institutional level, France’s
“Energy and Climate (Law no 2019-1147) places the cutting of GHG emissions at the centre
of French energy policy to become carbon-neutral by 2050. It is complemented by France’s
Multi-Year Energy Programme (PPE), which outlines roadmaps and deploys intermediate
targets, priorities fields, and the means needed to achieve carbon neutrality by 2050.

Regarding the mechanism set by the French government to limit GHG emissions and to
promote RSE generation, the following ones were identified: Fixed price feed-in tariffs (RSE
larger than 500 kW), Tax credits (30 % tax credit for the installation of recharging points for
electric cars by private individuals, 100% tax credit for electric vehicles), Central and Local
government fleet renewal mandates (50% of government fleet renewals need to be electric or
hybrid vehicles). Figure 31 shows the main regulations related to the Energy sector at the
environmental level (World, European Union, and France). The flows show the national

transpositions, influences, and updates of the regulations identified.
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Figure 31 - Main regulations and their interplay at the Institutional level between 2015 and 2021.

Level \ Year

World

European
Union

France

OBS: The regulations painted in orange are related to the openness of the electricity market, while those painted in green are related to the control of GHG
emissions. The flows reflect the regulations deployments or regulations national transpositions

Source: Author
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ii) Institutional environment level changes effects on the Firm-level
o Effects on the Firm's Strategy

The regulation set by the European Union to fight Climate change, transposed by the
French government, drove the country to become a carbon-free economy by 2050. The A1l
document issued the following statement when describing the business environment and
Strategic Challenges the firm faces:

“Alpha is thus faced with specific strategic challenges:

- to play a responsible role in combating climate change: to contribute
to the achievement of the goals set out in the Energy Transition and
Green Growth Law in France, ..., and more broadly in the 2020 and
2030 Energy and Climate Change Packages in the European Union™.
A1l document (2015, pg. 16).

Therefore, it seems that these directions directly affected Alpha’s strategy. In 2015,
Alpha updated its Strategic Vision to “A responsible, efficient electricity producer that
champions low carbon growth.” (A11 document). Nevertheless, to attend to the aspiration of
a carbon-free economy, in 2019, Alpha stated that its purpose is “to build a net zero energy
future with electricity and innovative solutions and services, to help save the planet and drive
wellbeing and economic development” (A15 document).

In 2020 Alpha made new GHG reduction commitments ahead of the COP21 2°C
ambition: Alpha has set targets that cover not only its direct emissions but also its indirect
emissions, aiming to achieve carbon neutrality for its entire carbon footprint by 2050. By
2030, Alpha aims to reduce its direct and indirect emissions by 50% compared to the 2017
level (A16 document).

Alpha stated that the transition to a carbon-free economy requires two main actions,
where Innovation will be an essential key factor of success:
v"Increase Energy Efficiency by developing solutions that reduce energy consumption

(downstream); and
v Energy decarbonization by switching from fossil fuel to carbon-free energy sources, with
carbon-free electricity and renewable heat (upstream).

To accomplish this long-term view, Alpha developed the CAP 2030 strategy, which

involves three strategic priorities (figure 32).
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Figure 32 — Alpha’s Strategic Priorities 2015-2021

Alphas’s purpose: “to build a net zero energy future with electricity and innovative solutions
and services, to help save the planet and drive wellbeing and economic development”.

- Support the development of new efficient

CAP 2030
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new digital services for its customers -
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uses of electricity to replace fossil fuels
Nuclear;

(electric mobility, self-consumption, heat
pumps, low carbon housing, etc.) - Development of a carbon-free hydrogen

offer;

Source: A1l - A17 reports.

Alpha launched four major plans that support the achievement of the strategic priorities:

v

The electric mobility plan (2018) - Alpha aims to be the leading energy supplier for
electric vehicles in France, with an overall market share target of 30%. It also aspires to be
the leading operator of charging stations and the European leader in smart charging.

The electricity storage plan (2018) - Electricity storage is critical to stabilizing the grid's
frequency or managing micro-grids in isolated areas without access to the grid. It can use
hydroelectric pumping stations or giga-batteries. The plan calls for the development of
10GW of new storage facilities in the world by 2035, increasing the Group’s storage
capacity by then to 15GW;

The Solar plan (2017) - Alpha aspires to become the leader in solar photovoltaic energy in
France, with a 30% market share of the sector between 2020 and 2035. In 2019, Alpha
acquired the Luxel group, an independent solar energy player in France.

The Excell plan (2020) aims to guarantee the highest standards for the successful

completion of nuclear projects in the French nuclear sector.
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o Effects on the R&D Goals and Priorities

Aiming to address the challenges imposed by the stricter environmental regulations
and Alpha’s strategic priorities, Alpha set in 2019 the following R&D priorities.

v’ Electricity transition: Alpha understood that electricity would play a significant role in
decarbonizing the end uses of energy, allowing the emergence of solutions like electric
mobility and innovative heat production. This priority also included fields such as the
emergence of decentralized energy systems, the development and management of
electricity systems, and the smart grids solution to allow the integration of intermittent
renewable energies and new distributed resources;

v Climate transition: It addresses the need to secure the Alpha’s advantage in nuclear power
generation in the long term and support the development of renewable energies;

v' Digital and societal transition: this focus recognizes the emergence of connected objects
and digital tools.

Nevertheless, due to the strategic decision to set a step further related to COP-21 Paris
deliberations concerning GHG emissions, in 2021, Alpha updated its R&D priorities as
follows:

v Reduce the carbon intensity of our customers' energy consumption employing electricity:
Aims to identify how other energy carriers can achieve decarbonization;

v Boost the performance levels of the generation means: Addressing the challenge to
generate electricity with increasing efficiency by combining the renewal of the nuclear
fleet with the development of renewable energies (hydropower, wind, and solar power);

v" Invent the electricity systems of tomorrow: Aims to enable the use of RSE projects that
currently do not present a positive economic return;

v’ Accelerate digital transition: Address the emergence of new ways of working nowadays

and the importance of defence against the risk of cyber-attacks.

Alpha’s R&D priorities were deployed into diverse initiatives, such as the continuous
research in a wide range of renewable energies and storage solutions (hydropower,
photovoltaics, onshore and offshore wind power, solar thermodynamic power, biomass, marine
energies, geothermal power, electrochemical batteries, flywheels, flow cells, supercapacitors,
electrolysers, fuel cells (hydrogen) and thermal energy storage), the development of Electric

Mobility (charging vehicles and battery life); the use of digital technology in customer relations
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to offer innovative services and to improve monitoring of our installations and maintenance
forecasting, and the development of small modular reactors.

Alpha has also continued developing partnerships with academic research partners,
technical centres, and other firms. For example, in 2017, Alpha strengthened its involvement
in European H2020 joint research projects on renewable energies and storage. In France,
R&D has also set up about twenty laboratories and teams jointly with academic partners and
technical or industrial centres. Agreements were carried out with major public research
organizations, such as the French National Centre for Scientific Research (CNRS), and with
several Energy Transition Institutes (ITE). The main ones are the Ile-de-France Photovoltaic
Institute (IPVF), the France Energies Marines, which focuses on marine energies and offshore
wind power, Efficacity, which works on energy efficiency, Supergrid Institute, which
specializes in electricity networks of the future, and with Vedecom, which works on electric
mobility.

The process of Open Innovation advanced with the creation, in 2017, of Alpha New
business, a firm to act as Alpha's start-up incubator, which was renamed in 2018 as Alpha New
Ventures. Alpha New Ventures is a corporate venture entity and an intrapreneurial project
incubator, holding a financing capacity of €60 million in 2019. Alpha New Ventures’ purpose
is to address the challenges derived from the Energy and digital transition to create new
innovative and competitive products and services. Working integrated with Alpha Venture
Capital fund, Alpha New Ventures may also create joint ventures with start-ups and has four
priority areas: industrial efficiency for our business customers; residential services; sustainable
town and country planning; and decentralized energy systems.

The start-ups supported by Alpha New Ventures operate in various sectors related to
Energy and digital transformation, developing solutions using technologies, such as: artificial
intelligence solutions to improve the performance of industrial facilities, industrial
cybersecurity, and stationary electricity storage systems.

In 2019, Alpha New Ventures invested in particular in two start-ups and helped create
three (3) subsidiaries that emerged from intrapreneurial projects: i) a wholly-owned subsidiary
devoted to the production and marketing of low-carbon hydrogen produced by water
electrolysis; ii) a joint venture, which develops smart charging control solutions that are cost-
effective for customers (V1G), as well as Vehicle-to-Grid (V2G) solutions; and iii) an

experienced aggregator of renewable production and local flexibility.
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4.2.2.6.2.3 - Effects on the Innovation capability

As presented previously, the Alpha strategy and the R&D strategic priorities were
affected by changes in regulations at the Institutional environment level: At the world level,
COP-21-Paris set goals and commitments that were transposed into the European Union level,
that established the Clean Energy Package and the European Green Deal, setting one step
further in the direction of carbon neutrality by 2050 and more challenging GHG emissions
goals by 2030. These European regulations were transposed into France’s Institutional level,
by the multi-year energy plan (PPE) and by the Law on Energy and the Climate regulations.

In addition, by 2020, Alpha advanced by its own decision to seek carbon neutrality by
2050, including indirect emissions on its target.

Therefore, to allow the achievement of these challenging goals, the analysis of the
R&D strategic priorities identified that they are strongly related to the concept of Innovation
capability (Peng et al., 2008), in line with the concept of Exploration (Benner & Tushman,
2003), which is closely associated with the search for radical innovation, and substantially
differs from the current technological path.

The deployment of the Alpha R&D priorities led to the development of the following
initiatives that can be highlighted:

- Renewables Source of Energy (RSE) — Alpha carried out continuous research on a wide
range of renewable energies (hydropower, photovoltaics, onshore and offshore wind power,
solar thermodynamic power, biomass, marine energies, geothermal power). One example is
that Alpha Renewable Energy has launched innovative power plants in experimental
prototyping phases, such as agri-photovoltaic, floating photovoltaic, or bifacial photovoltaic
power plants.

- Development of a carbon-free hydrogen offer — Aims to develop a carbon-free hydrogen
offer for industrial and heavy mobility customers. An industrial partnership and equity
investment agreement was signed in 2018 with a firm specialized in the production of
equipment, storage, and distribution of hydrogen.

- Electricity storage solutions — Research in developing electrochemical batteries, flywheels,
flow cells, supercapacitors, electrolysers, fuel cells (hydrogen), and thermal energy storage
(heat and ice).

- Electric mobility — Research activities about charging vehicles and battery life;

- Energy Services - Increase the use of digital technology in customer relations to offer

innovative services and improve monitoring of installations.
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- Smart electricity systems — smart-grids development and management of connected RSE.
- Distributed Solar generation — ADRE-7 developed solutions for those who want to generate
their electricity from solar energy: “Mon Soleil et Moi” ("My sun and me"), for houses, and
Notre soleil et nous” ("Our sun and us"), dedicated solution for social housing and apartments
buildings.

Table 25 presents the outcome of the R&D initiatives analysis, with those identified as

related to the Innovation capability for 2015-2021.

Table 25 — Identification of Alpha’s Innovation capability (2015-2021) deployed by routine.

Routines Outcomes

Alpha developed the following initiatives:

- RSE: In partnership with universities and other firms, Alpha

continued to study several types of renewable energy: hydropower,

photovoltaic, onshore and offshore wind power (studying

technologies for floating offshore wind turbines), thermodynamic

solar, biomass, marine energy and geothermal projects.

Search for new |- Development of a carbon-free hydrogen offer (in partnership
technologies with external ﬂrm)

- Electricity storage solutions

- Electricity networks

- Electric mobility (and charging solutions)

- Open innovation initiatives - Alpha New Ventures /Alpha

Venture Capital funded projects;

Alpha developed:
- technologies and services aiming energetic efficiency for houses
and buildings.
Cross functional|- Open Innovation initiative Alpha New Ventures / Alpha Venture
product Capital funded projects;
development | - Electric mobility service (since 2011);
- Sustainable city service;
- Electric Car-sharing project (2014);
- Distributed Solar generation solutions:

- Smart meter project;

- Smart grid projects (diverses projects);

- Open innovation initiatives - Alpha New Ventures / Alpha
Venture Capitall funded projects;

Process and
Equipment
development

Source: Author based on A11-A17 documents.
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It is important to highlight that the Open Innovation initiatives and the projects funded
by Alpha New Ventures and Alpha Venture Capital can be associated with the three Innovation
capability routines, as they address aspects related to them.

As already presented, the set of new regulations aiming to achieve zero carbon emission
led to changes in Alpha’s strategy and Alpha’s Innovation capability, as shown in Table 24.
Therefore, both changes in the firm level (Strategy and Innovation capability) can be identified
as an outcome of the co-evolution property Multilevelness/ Embeddedness.

Alpha continued the partnerships with other firms and universities, developing projects
addressing strategic priorities. Therefore, establishing partnerships can be identified as an
outcome of the co-evolution property Multidirectional Causalities.

Alpha's strategic decision to invest in renewables led the firm to continue the
verticalization process of Alpha in manufacturing solar equipment, which can be identified as
an outcome of the co-evolution property of Nonlinearity.

The Alpha’s recognized leadership expertise in nuclear generation and continuous
investment in nuclear projects may have affected the decision to continue its commitment to
nuclear generation instead of investing in RSE, which can be identified as an outcome of the
co-evolution property of Path-dependence.

Regarding the Positive feedback co-evolution property, the document analysis did not
show evidence in this direction. Nevertheless, as Alpha is a state-owned firm, it is possible that
the occurrence of this property. Besides, the existing associations of firms in the Electricity
utility industry may lead to joint action in their defence interest.

The list of co-evolution properties identified in this period is available in Table 26.
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Table 26 — Co-evolution properties identified in the Alpha analysis in the period of 2015-

2021.
(i:;eo‘;j::il:: Definition (Lewin at al (1999)) Description of the Co-evolution properties identified (2015-2021)
At the Institutional enviromental level, the C OP21- Paris goals influenced the EU
directives, which were transposed to French Institutional environment level.
Set the goal to be carbon-neutral by 2050. The main French regulations related
are: “Energy and Climate (Law no 2019-1147) and the France’s Multi-Year
Energy Programme (PPE).
i) At the firm-level, the Alpha's strategy was directly influenced by these set of
regulations. The firm decided to achieve carbon neutrality for its entire footprint
by 2050. The following strategic priorities were set:
. Coevolutionary effects take place| Electr%c.moblhty plan
Multilevelness/ . L - Electricity storage plan
at multiple levels within firms as
Embeddedness ) - Solar Plan
well as between firms; . . S
i) The set of regulations, as well as the Alpha's strategic priorities, influenced
Alpha's R&D priorities. The priorities are: Reduce the carbon intensity of our
customers' energy consumption employing electricity; Boost the performance
levels of the generation means; Invent the electricity systems of tomorrow;
Accelerate digital transition
iii) From these R&D priorities, Innovation capability was affected, leading to the
development of the following initiatives: Development of RES, Carbon-free
hydrogen offer, Electricity storage solutions, Energy services, and Electric
mobility solutions.
Organizations coevolve with [Aiming to develop the Innovation capability, Alpha established partnerships with
each other and with a changing |other firms, research centres/organisms, and universities. The following ones can
organizational environment. |be cited:
Changes may occur in all The French National Centre for Scientific Research (CNRS), and Energy
Multidirectiona interacting populations of Transition Institutes (ITE), the Ile-de-France Photovoltaic Institute (IPVF), the
I Causalities | ©rganizations, permitting change |France Energies Marines, Efficacity, Supergrid Institute, and Vedecom.
to be driven by mutual direct
interactions and by feedback [Alpha increased its openning to external innovation through the creation of Alpha
from the rest of the system.  |new Ventures, a corporate venture and pulse incubator. The Alpha Venture
Capital fund, continued to support many start-ups in projects of Alpha interest.
As a consequence of Alpha continued its investments in its firms dedicated to renewables (Alpha
indeterminate feedback paths, [Renewable Energy and ADRE firms) and energy services (Alpha Services Energy
. X changes in one variable can  |and Alpha Services Energy-2).
Nonlinearity produce quite counterintuitive |Alpha also developed a vertical integration in the solar businees, where ADRE
changes in another variable. [also was the holding company for Alpha’s distributed renewable energy
subsidiaries.
Organizations systematically
influence their environments, and
organizational environments
fundamentally comprised of
other organizations in turn
Positive influence organizations. These ) )
Feedback recursive interactions result in Not identified
interdependencies and circular
causality; each firm influencing
the other and in turn being
influenced by the behavior of the
other (recursive).
Path and Adaptation in a coevolutionary |The Alpha recognized leadership expertise in nuclear generation, and continuous
History process is path- or history-  [investment in nuclear projects may have affected the decision to continue its
Dependence dependent commitment to nuclear generation

Source: Author.
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Figure 33 presents the wrap-up of the analysis of the period 2015-2021 with the main
findings. At the Institutional level, which is divided into three sublevels (World, EU, and
France), it is listed the main regulations identified related to the environment (yellow column)
and related to electricity market openness (orange column). It can be noticed that the main
regulations set were those related to environmental concerns once the Electricity market
openness in EU was already finished.

Figure 33 shows that some regulations that were issued at one level can be deployed
(flows) to the other level. In this regard, COP 21 in Paris (2015) triggered a new process of
goals and regulations set in EU (Clean Energy package and the European Green Deal) and in
France (such as France’s PPE and the Law 2019-1147).

At the firm level, it is presented the main aspects of the firm’s strategy, which, together
with the influences of the Institutional environment level, influence the Innovation capability
development. The outcomes of these developments are deployed by routine (Search for new
technologies, Cross Functional product development, Process, and Equipment development). It
was also identified the partnerships and Alliances set that are related to the Innovation capability
development.

Between the Institutional environment level and the Innovation capability level, it is
highlighted the co-evolution process, where four of five of the co-evolution properties were
identified: Multivelness/Embeddedness, Multidirectional Causalities, Nonlinearity, and Path

and History dependence.
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Figure 33 — Main finding of the analysis.
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4.2.2 — Beta Energia case study

This section presents (a) the Electricity Utilities industry in Brazil, (b) a summary
describing Beta Energia’s firm history, followed by the (c) Beta Energia firm case study. At the

end of the section is presented a wrap-up with the main findings of the analysis.

a) Electricity utility industry in Brazil

This section describes the Electricity utility industry in Brazil, highlighting its main
aspects by activity (generation, Transmission, Distribution, and Supply).

Figure 34 shows the main firms in the Brazilian electricity value chain.

Figure 34 - Major firms in the Brazilian electricity value chain.
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Source: author.

In the 1990’s decade, following a world movement toward liberalization and
deregulation of the electricity sector, Brazil started a privatization program of its electricity
utility industry. This movement had the assumption that the Electricity Generation and Supply
activities were potentially competitive because current technology allows multiple companies
to operate in the market, thus disabling monopolistic benefits, while Transmission and

Distribution are natural monopolies at a national/regional level (Ferrari & Giulietti, 2005).
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Currently, the sector has a mixed model, in which about 63% of the electricity
distribution sector was transferred to the private sector, while 80% of the generation and

transmission segment are still under state control.

1) Generation activity.

According to EPE - Empresa de Pesquisa Energetica (2021), in 2021, the Electricity
generation in Brazil (Figure 35) relies strongly on RSE (around 80%), with the predominance
of the Hydraulics source (55% in 2021). More recently, other types of RSE have increased their
participation, notably the wind (11% in 2021) and the solar (3% in 2021) generation modes.

Figure 35 - Electricity generation in Brazil by source generation (2012-2021).
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Source: EPE - Empresa de Pesquisa Energética (2021).

In 2021, the firm leader in electricity generation was the Eletrobras, a state controlled
firm, with around of 28% of the Brazilian capacity generation, followed by Beta Energia with

around 5%.

i1) Supply activity.
In Brazil, the first electricity commercialization agreement with a supplier firm,
following the Liberalization and deregulation process, occurred in 1999. In 2022, according to

the ABRADEE (Brazilian Association of Electricity Distributors, 2022), there are
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approximately 270 electricity supplier firms in Brazil. Many acts as intermediaries between

plants and free consumers.

ii1) Transmission activity.

According to ABRADEE (Associacao Brasileira de Distribuidores de Energia Elétrica,
2022), a total of 156 firms operate a network around 170,000 km long called the National
Interconnected System, which carries 99% of the total energy volume of the country. In Brazil,
the transmission segment is characterized by operating lines in electrical voltage greater than
230 thousand volts. The government regulates prices according to the concession contracts,
which usually have mechanisms of reviews and periodic tariff adjustments operationalized by

the regulatory agency itself (ANEEL).

iv) Distribution activity.

In Brazil, this segment consists of 53 firms responsible for the administration and
operation of lower voltage transmission lines (below 230 thousand volts), but mainly of medium
and low voltage networks.

In summary, according to ABRADEE (Brazilian Association of Electricity Distributors,
2022), the Brazilian electricity sector is currently characterized by:

v Unbundling of the electricity industry, with the segregation of generation, transmission, and
distribution activities;

Coexistence of public and private companies;

Centralized planning and operation;

Regulation of transmission and distribution activities;

Regulation of generation activity for old projects while there is competition for new ones;
Coexistence of captive and free consumers;

Free negotiations between generators, traders, and free consumers;

AN N N N N

Regulated auctions for contracting energy for distributors, which supply energy to captive

consumers;

<

Electricity prices are separated from their transport prices (wire usage);

v' Different prices for each concession area
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b) Beta Energia firm history

The origins of the Beta Energia firm are back to 1998, when Brazil South Energy, a state
electricity generation firm, was privatized and acquired by the X group, a European firm
focused on electricity activity.

The Brazil South Energy firm had at that time 3,719 MW of generation capacity, with
assets located in the Brazilian states of Santa Catarina, Rio Grande do Sul, Parana, and Mato
Grosso do Sul. In 2002, Brazil South Energy was renamed X Energia.

In 2015, the European firm that controlled X Energia, announced that it was changing
its name to "Beta”, what was followed in 2016 by the Brazilian subsidiary, being therefore
named Beta Energia.

Since the privatization, Beta Energia has been experiencing a continuous process of
increasing its own electricity generation capacity, achieving 5,800 MW in 2005 (a 58% of
increase compared to 1998 generation capacity), 6,189 MW in 2008 (an increase of 66%) and
8,710 MW in 2020 (an increase of 134%), as shown in the Figure 36. In 2020. the total
electricity generation capacity, including partnerships, achieved 10,431 MW.

Since 2015, Beta Energia has been expanding its activities in the electricity sector. In
2016, the firm entered the solar decentralized generation market by acquiring a 50% stake in a
dedicated firm in this market, while in 2016 Beta Energia started the operation in the electricity
transmission activity. In 2018, Beta Energia increased its Energy solutions offer through
acquisitions of dedicated firms in this market, such as Beta Energia Services-1 and Beta Energia
Services-2. The firm also entered the public illumination market through the acquisition of Beta
Energia Services-3 firm.

Therefore, holding sixty plants (86,2% of the energy produced came from RSE), Beta
Energia is the leader of private electricity generation firm in Brazil, and the second position

overall, below Eletrobras.
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In 2020, Beta Energia had 1,533 employees, with revenues reaching USD 2,377 billion.
In the figure 37, there is a timeline showing the main events in Beta Energia’s life from 1998

to 2021.



Acquisition of Brazil
South Energy by the
X group, a European
firm focused on the
electricity. The firm
had 3.719 MW of
generation capacity,
mainly at the South
region of Brazil.

1998 2002

Brazil South
Energy firm
is renamed
X Energia.

Figure 37 — Beta Energia’s timeline with main events since 1998.
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¢) Periods analysis

It was carried out a year analysis of the changes at the institutional environment level
and of the evolvement of the firm's Strategy and the R&D Department goals and priorities,
aiming to identify how the firm response to and addressed the changes at the institutional level.
This analysis led to group into three periods of analysis (1992-2007, 2008-2014, and 2015-
2021). Therefore, the first period comprehends the main regulations issued between the ECO-
Rio United Nations conference about Environment and Development (1992) and 2007, and the
firm’s strategy and the R&D department goals and priorities in 2005-2006. The second period
starts in 2008 with the release of new R&D guideline from ANEEL, stimulating the
development of prototypes and allowing marketing activities aimed at launching new products
on the market, until 2014. The third period starts in 2015, with the Conference of Parts (COP)

2015 in Paris, and its national deployments, until 2021.

c.1) Period 2005-2007

In this section, the study approaches the period between 1998 and 2007, characterized
by the emerging awareness about climate change and its effects. In Brazil, it is started the
market openness in the Brazilian electricity market through privatizations, the creation of a free
negotiation market for consumers whose demand was greater than 3MW, the starting use of
auctions to procure energy, and the compulsory investment in R&D for firms in the Electricity

utility industry.

i) Institutional environment level

The institutional environment level is divided into two sublevels: the world, where the
United Nations coordinates actions, and Brazil's national regulations. It is displayed important
events and regulations since 1992, when it happened the ECO Rio United Nations Conference

(“Earth Summit”). The main regulations identified in this period are shown in Appendix 10.

o The openness of the electricity market and environmental regulations

The Institutional environment level analysis of the main regulation in 1990-2007 (table
19) shows an increasing awareness of the effects of climate change, calling for regulations to
reduce greenhouse gas (GHG) emissions. GHG are those gaseous constituents of the

atmosphere, both natural and anthropogenic, that absorb and re-emit infrared radiation (IPCC,
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2007). This concern led in 1992 to the realization of the ECO-Rio United Nations conference
about Environment and Development (also called Rio “Earth Summit”).

With the participation of 179 nations, the ECO-Rio conference had as a primary
objective to produce a broad agenda and a new blueprint to help international guide cooperation
and development policy on environmental and development issues.

Among the primary outcomes of the ECO-Rio conference was “Agenda 21, where
sustainable development practices and techniques were proposed for use by national
governments, states, and cities; the Rio declaration and its 27 universal Principles; the set of the
United Nations Framework Convention on Climate Change (UNFCCC); the Convention on
Biological Diversity; and the Declaration on the Principles of Forest management (United
Nations, 1992).

As the electricity sector emits around 40% of global energy-related GHG gases (IEA,
2022), it has been receiving increasing attention from policymakers.

Following the ECO-Rio, the Kyoto Protocol was set in 1997, having entered into force
just on February 16th, 2005, with 192 parties (United Nations, 1997). The Kyoto Protocol set
targets for reducing GHG emissions (baseline 1990) and mechanisms development, such as the
Emission Trading System (ETS). For developed nations (37 nations), the document called for
areduction of at least 5.2% in GHG emissions by the end of the first commitment period (2008—
12). The final percentage varied by country, having Japan and European Union nations targets
of 7% and 8%, respectively.

Nevertheless, it was set that developing countries, such as Brazil, China, India, and
Mexico, did not need to have defined goals and commitments to be fulfilled, allowing each one
of these countries to be responsible for adopting measures that could positively contribute to
the alleviation of the global warming.

Therefore, although the Brazilian government signed the protocol in 2003, Brazil had
no direct obligations regarding deadlines and GHG emission targets. Notwithstanding, the
Brazilian government took some actions in this direction, such as the creation of the Programme
of Incentives for Alternative Electricity Sources (PROINFA) in 2001, which set in its first stage
a target of 3,300 MW of RSE generation until the end of 2007 through a system of subsidies
and incentives. The program was amended in 2006 (Decree 5,882) to support the creation of
Clean Development Mechanisms, following the Kyoto Protocol resolutions.

In the 1990s, many countries started a movement toward opening the electricity market,

aiming to increase the competition and reduce the power of the highly verticalized electricity
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utility firms (Ferrari & Giulietti, 2005), which Brazil followed. The first step in this direction
was in 1993, with Decree 915, which authorized the formation of consortia for electricity
generation.

In 1995, Law 8,987, known as the “Concessions Law”, authorized private firms'
electricity public service concession. In the same year, Law 9,074 set the Legal fundaments to
ensure free access to transmission and distribution systems, freeing large consumers to choose
their electricity suppliers and establishing the need to create a regulatory body for the sector.

Also, in 1997, the Brazilian government created the National Electricity Energy Agency
(ANEEL), a special regime agency linked to the Federal government. ANEEL has the
attributions of regulating the Brazilian electricity sector activities (generation, transmission,
distribution, and supply); supervise concessions, permits, and electricity energy services;
implement the federal government's policies and guidelines regarding the exploitation of
electricity energy and the use of hydraulic potential; Establish tariffs; and promote the activities
of granting concessions, permissions, and authorizations for electricity energy projects and
services.

In 1998, Law 9.648 created the Electricity Wholesale Energy Market, giving the
attribution of contract freedom to free consumers whose demand was greater than 3MW. In
2004, the Electricity Wholesale Energy Market was replaced by the Electric Energy Chamber
of Commerce (Law 10.848). Thus, two environments were created, the Regulated Contracting
Environment (ACR), intended for electricity generation and distribution agents, and the Free
Contracting Environment (ACL), which can participate agents of generation,
commercialization, importers, energy exporters, and free consumers.

These Laws (9.648 and 10.848) also defined the start of utilizing an energy auction
system to procure electricity, which was amended in 2007 to allow technology-specific auctions
specially designed for RSE. In this direction, in 2008 took place the first RSE-only auction
(biomass), when the Brazilian government auctioned 2,379 MW of power from 31
thermoelectric plants using sugarcane and Napier grass as an energy source.

As a result of the openness of the Electricity market process, an electricity firms
privatization program was developed, which resulted in 24 firms being privatized between 1995
(Excelsa) and 2006 (CTEEP) (ABRADEE - Brazilian Association of Electricity Distributors,
2022)

Therefore, regarding the mechanism set by the Brazilian government to limit GHG

emissions and promote RSE generation, the following were identified: auctions dedicated to
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renewable energy; Subsidies, incentives and Clean Development Mechanisms provided by the

PROINFA programme.

The Brazilian Law 9,991/2000 - Compulsory investment in R&D for electricity firms.

Following the first energy concession contracts, the Brazilian government required
generation concessionaires to invest in R&D in the electricity sector annually, a minimum of
0.25% of their Net Operating Revenue (Decree 9335/97). For distribution concessionaires, this
percentage was 0.1%.

Law 9,991, issued in 2000, changed these minimum percentages, and the obligation
began to include more electricity energy firms. Therefore, electricity energy distribution
concessionaires were required to apply, annually, at least 0.75% of the Net Operating Revenue
in R&D of the electricity sector and 0.25% in energy efficiency (EE).

On the other hand, the generation concessionaires, those authorized to produce
electricity and transmission concessionaires independently, were required to apply, annually, at
least 1% of the Net Operating Revenue in R&D of the electricity sector. This amount of
investment must be distributed as follows:

e 40% of the resources must be addressed to the National Fund for Scientific and
Technological Development (FNDCT);

e 20% of the resources must be addressed to the Federal Ministry of Mines and Energy
(MME);

e 40% of the resources must be allocated to execute the firm’s R&D projects. These projects
have to be approved by National Electricity Energy Agency (ANEEL) according to the
criteria established;

Law 9,991 also set that firms that generate energy exclusively from wind, solar, biomass,
small hydroelectric plants, and qualified cogeneration were excluded from this obligation. The
self-generation generation concessionaires were excluded from these legal obligations, except
concerning revenues from the energy sold.

Until 2007, Law 9,991 was amended three times (Laws No. 10,438, of April 26, 2002;
No. 10,848, of March 15, 2004; No. 11,465, of March 28, 2007). These amendments
incorporated some changes, such as the ending of annual investments cycles (allowing the start
of projects at any time), and the establishment of priorities for the application of resources in

R&D. In addition to requiring companies to have a multiannual investment plan, priority themes
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were defined, signalling areas or topics of greater relevance to the sector, according to the
ANEEL’s view. Besides, the concept of the strategic project and related criteria were defined.
Figure 38 shows the main regulations related to the Energy sector at the Institutional

environment level (World and Brazil).
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Figure 38 - Main regulations and their interplay at the Institutional environment level between 1990 and 2007.
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OBS: The regulations painted in yellow are related to the openness of the electricity market, while those painted in green are related to the control of GHG

emissions. The flows show the National transpositions, influences, and updates of the regulations identified.

Source: Author.
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ii) Institutional environment changes effects on the Firm-level

This section will present the analysis of the effects of the Institutional environment level
changes on the firm level. The analysis first considers the effects on Beta Energia’s strategy,
followed by the effects on the R&D initiatives, projects and goals. At last, the analysis of the

firm's Innovation capability is presented.

o [Effects on the Firm's Strategy

During this period, the Brazilian regulations were set to promote a partial electricity
market's openness through public concessions, the Free Contracting Environment (ACL), and
the energy auction system. These regulations can be considered Legal landmarks once they
changed the way of doing business in the Brazilian electricity utility industry and highly
influenced the Beta Energia strategy. In this direction, follows the words of one Innovative and

Disruptive manager (A1) interviewed :

“I think that in the electricity sector, in the last 20 years, the big
milestone was the opening of the market, which allowed the transition
from a monopolized market to a free market at least to part of
consumers... What did this cause, basically? Instead of the big energy
sales being performed only by distributing firms, there was the figure
of direct sale by the energy generator, a function that Beta Energia soon
assumed, and the introduction of several brokers in the market that are
the traders who buy the generator package and assemble products for
their customers.”

Besides, increasing environmental awareness worldwide led to setting regulations to
reduce nations' GHG emissions (Kyoto protocol in 1997). This growing concern led the firm to
incorporate sustainability concerns into its Strategy, notably in its Mission (2005-2006) and
Vision (2007).

Therefore, in the 2005-2006 period, Beta Energia, named X Energia at that time,
incorporated sustainability concerns into its Strategy, notably in its Mission (2005-2006) and
Vision (2007). The firm stated its Strategic Mision as " Providing energy in a sustainable and
environmentally responsible way". In 2007, the Mission changed to “Generate energy for life”,
when the firm developed its Vision as “To be, in a sustainable way, the best energy company
in Brazil”. Mission and Vision were valid until 2015 when the firm updated them.

Between 2005 and 2007, Beta Energia stated its Strategic focus to maintain leadership

in the private electricity generation market based on three strategic pillars:
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v Growth with financial discipline;
v' Maximizing the efficiency of the customer portfolio;
v’ Operational efficiency;

The execution of the Strategy led the firm to develop a process of growing its capacity
generation in this period, which was carried out through building new plants and plant
acquisitions. This process led the firm to reach a 6,138 MW generation capacity in 2008, an
increase of 70% compared to the 1998 generation capacity (3,719 MW). Also, the firm was the
first electricity firm in Brazil to focus on hiring energy with free clients and developing loyalty

policies for this segment.

o [Effects on the R&D goals, priorities, and initiatives.

It can be noticed that the need to attend to the requirements of Law 9,991 (2000), which
sets the compulsory investment in R&D by firms in the electricity firms, highly framed Beta
Energia’s R&D investments. More specifically, 0.4% of the firm’s Net Operating Revenue had
to be allocated to its R&D projects since the ANEEL government agency approved them
according to a specific criterion.

According to two executives interviewed, the need to accomplish Law 9,991 led the firm
to spend an obligatory R&D budget without holding a structured process to address it. Therefore,
many universities and research centres, most of them located in the South region of Brazil
(where the firm's headquarter is located), contacted Beta Energia to suggest research themes
that the firm could financially support. Follows the words of the Innovation and Disruptive

manager (A1) about this process:

“From 2001, with the obligation of companies to spend in R&D, the
universities began to approach companies with project proposals. So
this is how it was born ... on a random way to develop projects based
on project invitations created by university’s professors.”

As aresult, many R&D projects were developed on a bottom-up approach, resulting that
the firm sponsored many academic works, such as Master’s dissertations, Ph.D. theses, and
diverse scientific research, since these projects were related to the Energy field and attended
the pre-requisites set by ANEEL government agency.

According to the firm’s official reports, Beta Energia had approved by ANEEL in this
period a total of ninety-four (94) projects (Table 27), with a total investment of BRL 25 million
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(an average of 0,27 million per project). These R&D projects addressed a broad range of themes,
such as RSE; knowledge of the biomes of the basins and reservoirs of hydroelectric plants;

environment; maintenance, operation, and control; safety, and energy efficiency.

Table 27 — Number of Beta Energia’s R&D projects approved by ANEEL between 1999

and 2007.
Year R&D Projects
approved by ANEEL
1999 10
2000 14
2001 4
2002 7
2003 10
2004 7
2005 12
2006 9
2007 21

Source: Author.

All the ninety-four (94) R&D projects were carried out with external collaboration,
mainly with a University or Research Centre participation, and in smaller numbers, with other
firms as partners. A total of 48 projects were developed in cooperation with Universidade
Federal de Santa Catarina (UFSC university), highlighting the importance of geographical

proximity to strengthen relationships.

« Effects on the Innovation capability

In this section, the analysis had as a primary reference the R&D initiatives, looking for
those related to radical innovation as a proxy to the Innovation capability.

The analysis of the R&D projects developed in this period revealed that most of them
can be considered incremental innovations once they aimed for a slight change from the current

technological trajectory and are not associated with the concept of Exploration (Benner &
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Tushman, 2003). Nevertheless, as one of Beta Energia’s strategic pillars was operational
efficiency, these projects seemed to be aligned with Beta Energia’s strategy.

Notwithstanding, three of the R&D projects were identified as related to the concept of
Innovation capability, as Peng et al.(2008a) suggested. All these three projects aimed to develop
new RSE technologies (Use of Biomass and Biodiesel as energy sources) in collaboration with
a university (UNIPLAC - University do Planalto Catarinense). Table 28 is shown the analysis

broken down by Innovation capability routine.

Table 28 - Identification of Beta Energia’s Innovation capability (1998-2007) deployed by

routine.

Routines Outcomes

It was identified the following programs as the outcomes of the Routine to Searc for new
technologies:

- Analysis of Potential for Use of Biomass Obtained from Sustainably Managed Native
Search for new |Forests for the Energy Generation (2007);

technologies - Evaluation of the Potential for the Use of Forestry Biomass for the Energy Generation
as a Contribution to the Clean Development Mechanism — CDM (2007);
- Research the Potential for Biodiesel Production in the Alegrete City Region and the
Feasibility of its Use in Thermoelectricity Generation (2007);

Cross functional
product Not identified.
development

Process and
Equipment Not identified.
development

Source: Author.

These three R&D projects can be identified as an outcome of the co-evolution property
Multilevelness/Embeddedness once their development was triggered at the firm level by the
need to accomplish the requirements set by Law 9,991 (institutional Environment level).

On the other side, the development of university partnerships and collaboration can be
identified as an outcome of the co-evolution property Multidirectional Causalities.

Law 9,991 was amended over time (2002, 2004, and 2007), incorporating important
improvements. In this process, the Law 9,991 amendments followed the Public Consultation
process, where the Brazilian government's responsible agency asks for public suggestions and
contributions before amending the regulation. According to the interviews, Beta Energia always

participated in the process, alone and in association with other firms in the Electricity sector.
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Therefore, Law 9,991 amendments can be identified as an outcome of the co-evolution property

Positive Feedback.

The list of co-evolution properties identified in this period is shown in Table 29.

Table 29 — Co-evolution properties identified in the Beta Energia analysis (1998-2007).

Coevolution
properties

Description (Lewin at al.
(1999))

Coevolution properties identified in 1998-2007

Multilevelness /
Embeddedness

Coevolutionary effects take place at
multiple levels within firms as well as
between firms;

The Beta Energia strategy was directly influenced by changes in the
regulations:

- The openness of the electricty market to the competition sllowed the firm
to increment its investments in the electricity generation activity, leading the
firm to be the leader in private electricity generation in Brazil;

- The set of the Electricity Wholesale Energy Market (1998) and later of the
Free Contracting Environment (ACL, in 2004) led to an increase of the
market competition, through the contract freedom (energy price and
quantity) to consumers whose demand was greater than 3MW.

- The Vision of the firm "To be, in a sustainable way, the best energy
company in Brazil" was strongly influenced by the increasing environmental
conccern that resulted in the ECO-92 and Kyoto protocol;

The Innovation capabilities were directly influenced by the Brazilian
regulation, in particular the Law 9,991, which established a compulsory
investment in R&D.

These R&D investments led to the development of some projects aiming to
develop new RSE ztechnologies, such as:

- Analysis of Potential for Use of Biomass Obtained from Sustainably
Managed Native Forests for the Energy Generation (2007) and as a
Contribution to the Clean Development Mechanism — CDM (2007);

- Research the Potential for Biodiesel Production in the Alegrete City
Region and the Feasibility of its Use in Thermoelectricity Generation (2007);

Multidirectiona
1 Causalities

Organizations coevolve with each other
and with a changing organizational
environment. Changes may occur in all
interacting populations of organizations,
permitting change to be driven by
mutual direct interactions and by
feedback from the rest of the system.

The compulsory investment in R&D led Beta Energia to establish
partnerships with Universities and Research Centres (mainly those close to
the headquarter firm in Florianopolis city, such as UFSC University). In this
period, all the projects developed and approved by the ANEEL had an
external partner, being the UFSC the main one (48% of the projects).

The three projects identified as related to Innovation capabilities concept
(Peng et al, 2009) were develop conjointly with UNIPLAC university.

Nonlinearity

As a consequence of indeterminate
feedback paths, changes in one variable
can produce quite counterintuitive
changes in another variable.

Not identified

Positive
Feedback

Organizations systematically influence
their environments, and organizational
environments fundamentally comprised
of other organizations in turn influence
organizations. These recursive
interactions result in interdependencies
and circular causality; each firm
influencing the other and in turn being
influenced by the behavior of the other
(recursive).

The regulation that strongly impacted the Innovation capabilities was the
Law 9,991, which was amended along time (Laws No. 10,438, of April 26,
2002; No. 10,848, of March 15, 2004; No. 11,465, of March 28, 2007).
These amendments incorporate

Beta Energia participated in the discussion related, alone and in
collaboration with other firms, through the public consultation process,
where the ANEEL agency asked for public suggestions and
recommendations before amending the regulation.

Path and
History
Dependence

Adaptation in a coevolutionary process
is path- or history-dependent

Not identified

Source: Author.
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Figure 39 presents the wrap-up of the analysis of the period 1992-2007 with the main
findings. At the Institutional level, which is divided into two sublevels (World and Brazil), it is
listed the main regulations identified related to the environment (yellow column) and related to
electricity market openness (orange column). It also shows that some regulations that were
issued at one level can be deployed (flows) to the other level. In this regard, the Emission trading
system (ETS), proposed by the Kyoto protocol (1997) was transposed into Brazilian
environment by the Clean Mechanism development.

At the firm level, it is presented the main aspects of the firm’s strategy, which, together
with the influences of the Institutional environment level, influence the Innovation capability
development. The outcomes of these developments are deployed by routine (Search for new
technologies, Cross Functional product development, Process, and Equipment development). It
was also identified the partnerships and Alliances set that are related to the Innovation capability
development.

Between the Institutional environment level and Innovation capability level, it is
highlighted the co-evolution process, where three of five of the co-evolution properties were

identified: Multivelness/Embeddedness, Multidirectional Causalities, and Positive Feedback.
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Figure 39 - Main findings of the analysis (1992 —2007).
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Use of Biomass Obtained B Equipant compaiy il
from Sustainably developm | developme

Managed Native Forests ent nt

forthe Energy

Generation (2007} and as

a Contribution to the
Clean Development
Mechanism — COM
(2007

- Research the Potential
for Biodiesel Production
in the Alegrete City
Region and the
Feasibility ofits Use in
Thermoelectricity
Generation (2007};

Objective: Maintain leadership in the private
electricity generation market, respectively.

Principles:

portfolio;

Growth with financial discipline;
Maximizing the efficiency of the customer

Operational efficiency;

Source: Author.
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c.2) Period 2008 - 2014

In this section, the study addresses the period between 2008 and 2014, which was
characterized, at the World Institutional environment level, by the Conferences of the Parties
in Doha (Qatar) in 2012. At the Brazilian Institutional environment level, it was issued in 2008
anew release of the R&D guideline from ANEEL that stimulated the development of prototypes.
The National Climate Change Policy was also established in 2009, and in 2010, the Brazilian
2010-2019 Plan for Energy Expansion set goals to reduce GHG emissions and annually increase

the total share of RSE generation.

i) Institutional environment level

The Institutional environment level is divided into two sublevels: the world, where the
United Nations coordinates actions, and Brazil's national regulations. The main regulations
identified in this period are shown in Appendix 11.

At the world Institutional environment level, can be highlighted the 18" Conferences of
the Parties at Doha (Qatar) in 2012, when it was agreed to an amendment to the Kyoto Protocol.
The “Doha Amendment” established the Kyoto Protocol's 2013-2020 second commitment
period, with a 20% GHG emission reduction goal. Nevertheless, while EU Member States,
other European countries, and Australia had commitments, countries like the USA, Russia,
Canada, Japan, and developing countries did not.

At the Brazilian Institutional environment level, in 2008 took place the first RSE-only
auction (biomass), when the Brazilian government auctioned 2,379 MW of power from 31
thermoelectric plants using sugarcane and napier grass as an energy source. In 2009, the
National Climate Change Policy was established, which outlined guiding principles aiming to
reduce national GHG emissions. Therefore, as a voluntary national commitment, the Brazilian
government adopted actions to mitigate GHG emissions, aiming to reduce its projected
emissions by 36.1% to 38.9% by 2020. Among the financial and economic instruments, fiscal
and tax measures, subsidies and credit lines, research funds, and other economic mechanisms
are proposed.

In 2010, the Brazilian 2010-2019 Plan for Energy Expansion was established. It aimed
to phase out fossil fuel power plants construction by 2014 and significant expansions in the
hydro and wind grid-connected generation. The plan asked for around EUR 420.2 billion of

investments, aiming to increase the total share of RSE by 13% annually, emphasizing wind,
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biomass, and hydro sources of generation. The following increasing generation targets for RSE
were fixed for 2019: Hydro: + 40,4%; Small hydro: +75%; Biomass: +57.4%; Wind: +428%.

In 2012, the Brazil Net Metering for Distributed Generation regulation was set,
promoting small-scale renewable generator diffusion. In this direction, renewable generators
up to I MW capacity interconnected to the low and medium-voltage grid were allowed to sell
a surplus of the electricity back to the national grid in return for the electricity billing credit to
be recuperated within 36 months.

Therefore, the following mechanisms related to promoting RSE and reducing GHG
emissions were identified: Renewable energy dedicated auctions; fiscal and tax measures,
subsidies, and credit lines under the National Climate Change Policy; Brazil's net metering

policy stimulating Solar Distributed Generation.

Regarding Law 9,991/2000, in 2008, ANEEL released a new R&D investment guideline
asking for the development of prototypes and allowing marketing activities aimed at launching
new products on the market. In 2012, ANEEL agency launched the 6th version of the R&D
Manual, highlighting the importance R&D projects must have as a central objective to develop
innovations of products and processes, originally and innovatively, that represents
technological and market challenges to energy firms. For this reason, according to ANEEL
(2012), the expectation is that the R&D projects are not just about pure academic research
projects but applied research projects with outlined goals and results (ANEEL. Agéncia
Nacional de Energia Elétrica, 2012).

Figure 40 shows the main regulations related to the Energy sector at the Institutional
environment level (world and Brazil). The flows show the national transpositions, influences,

and updates of the regulations identified.
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Figure 40 - Main regulations and their interplay at the Institutional environment level between 2009 and 2014.

Main Regulations and their Interplay at the Institutional level (World and Brazil) from 2009 to 2014

World

Institutional

Brazil

OBS: The regulations painted in orange are related to the openness of the electricity market, while those painted in green are related to the control of GHG emissions. The

flows show the National transpositions, influences, and updates of the regulations identified.

Source: Author
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ii) Institutional environment changes effects on the Firm-level

This section will present the analysis of the effects of the Institutional environment level
changes on the firm level. The analysis first considers the effects on Beta Energia's strategy,
followed by the effects on the R&D initiatives and projects. At last, the analysis of the firm's
Innovation capability is presented.

o [Effects on the Firm's Strategy

During this period, Beta Energia kept the same Strategic Vision (“7o be, in a sustainable
way, the best energy company in Brazil”) and Mission (“Generate energy for life”) from the
previous period of analysis. Mission and Vision were valid until 2015 when the firm updated
them.

In 2011, Beta Energia changed stated its Strategic focus (“To be a sustainability
benchmark in the electricity sector and maintain its position as the largest private generator in
Brazil *), and added two strategic pillars (Motivation and Alignment, and Ethics and
Responsibility) to the previous three strategic pillars (Growth with financial discipline,
Maximizing the efficiency of the customer portfolio, and Operational efficiency).

It is noticed that, although at the world environmental level, the Kyoto protocol (1997)
and the “Doha Amendment” (2012) did not ask developing countries for any commitment to
reduce GHG emissions, the Brazilian government established some important regulations to
promote the use of RSE, the increase of the Energy Efficiency (National Climate Change Policy
in 2009, and the Brazilian 2010-2019 Plan for Energy Expansion, in 2010), and the setting of
goals in this direction. Besides, a regulation was established to promote the diffusion of DG
(Brazil Net Metering for Distributed Generation in 2012).

Nevertheless, Beta Energia’s strategy did not present any significant changes from the
previous period (1998-2007). Therefore, it can be assumed that the emergence of new

regulations did not affect the firm’s strategy in this period.

o [Effects on the R&D initiatives, projects and goals.

The analysis shows essential changes in the R&D projects compared to those developed
in the previous period (1998-2007). According to the interviews, many of the R&D projects in
this period aimed to develop and test not mature technologies, to support the development of a
new firm’s business. This effort resulted in larger R&D projects, many generating experimental
prototypes to test technological concepts instead of supporting academic research that

characterized the R&D projects in the previous analysis period (1998-2007). In this regard,
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projects related to the development of RSE (solar energy, wind energy, Onshore maritime
wave), and smart grids can be cited.

The firm’s official report analysis confirms these changes. According to them, Beta
Energia had approved by ANEEL in this period (2008-2014) a total of 34 projects (Table 30),
which, compared to the previous period (1998-2007), represents a reduction from an average
of 10,4 projects per year to 4,9 projects per year. These projects demanded a total investment
of BRL 198 million, with an average of BRL 5,8 million per project, instead of BRL 0,24
million per project from the previous period. All the projects were developed with a University,
Research Centre or firm partner participation, with 14 projects (43%) in cooperation with

Universidade Federal de Santa Catarina (UFSC university).

Table 30 — Number of R&D projects approved by ANEEL (period 2008-2014).

Year R&D Projects
approved by ANEEL
2008 6
2009 0
2010 6
2011 9
2012 1
2013 11
2014 1

Source: BE4-BE10 documents.

Regulations seem to have strongly influenced these changes in R&D projects in many
aspects. One relevant aspect was the Law 9,991 amendment (2007) which encouraged the
development of strategic projects according to priorities defined by ANEEL and allowed R&D
projects to have a longer duration, giving the firms to have more flexibility to allocate the budget
required by the law through ending the concept of annual investments cycles. Besides, in 2008,
ANEEL released a new R&D investment guideline asking for developing prototypes that
stimulated firms to build more significant and structured projects.

As many of the R&D projects addressed the RSE development, it seems that the set of
regulations to promote RSE and Energy Efficiency (Brazilian National Climate Change Policy
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in 2009, and Brazilian 2010-2019 Plan for Energy Expansion in 2010) also led to the
development of R&D projects in this direction.

Besides, new requirements set by the ANEEL’s R&D Manual (6" version, in 2012),
which aimed to incentive R&D projects to develop products and processes innovations,
representing technological and market challenges to energy firms, affected the R&D projects
in terms of generating experimental prototypes aiming to create business solutions.

These changes in the Brazilian regulations led the Innovation department of Beta
Energia to get closer to the firm's Production department to identify internal operational needs
that could demand an innovative solution. To address the demands placed, the firm took
advantage of its already established links with Universities, Research Centres, and partnerships
with other firms to support the development of new R&D projects. Follows a statement from

the Innovation coordinator (A2) about his thinking about Alliances and partnerships:

“... We always make alliances considering that we do not develop our
projects alone. We have the demand, and we have people at home who
understand the subject but have no time or technical competence to
develop new things. So we always have strategic partnerships in project
development with universities, other development companies,
technology centres or anything else for project development. “

« Effects on the Innovation capability
In this section, the analysis had as a primary reference the R&D initiatives, projects, and
goals, looking for those related to radical innovation as a proxy to the Innovation capability.
Beta Energia started 34 R&D Projects in this period. After analysis, nine projects were
identified as related to the concept of Innovation capability, as suggested by Peng et al.(2008a).
Among these projects, the development of RSE received much attention: a total of five
(5) projects addressed this subject, encompassing different RSE technologies: Solar, Wind,
Onshore ocean wave, Direct Osmosis, and rice straw. These five projects are detailed below:
v Implementation of 3MW Solar photovoltaic power plant and technical and economic
performance evaluation of photovoltaic generation in different climate conditions in the
Brazilian electricity matrix (2012-2016). This plant employed three different photovoltaic
module technologies: amorphous microcrystalline silicon, polycrystalline silicon and
copper, and indium and gallium selenide (CIGS). It was developed in cooperation with
UFSC university. When it entered into operation in 2014, it was the largest solar plant in

operation in Brazil.
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v Development and Certification of a Brazilian 3,3 MW wind turbine. In cooperation with
WEG company (2013-2021).

v' Installation of an Onshore Wave energy converter prototype under marine conditions in
the Northeast of Brazil (2009-2014). In cooperation with COPPE (Engineering Institute of
UFRJ university), Ceara Ports firm, and Ceara state government.

v’ Analysis of Direct Osmosis process for energy generation using saline gradient (2012). In
cooperation with COPPE (Engineering Institute of UFRJ university).

v Analysis of the use of rice straw in the co-firing process with powdered Coal (2009). In
cooperation with UFSC university.

Also, one project addressed the development of an experimental electrical propulsion
system for small boats using batteries and solar energy (2011-2015) with the cooperation of
UFSC university and the CEBRA firm. Besides, one project addressed the development of
technologies for predicting electricity energy generation for wind farms (2011-2014) with the
cooperation of UFSC university.

At last, one project addressed the development of a prototype of smart-grid technology,
and one project related to the smart-city concept by proposing an intelligent traffic solution and
electric mobility system. Table 31 presents the R&D projects related to each Innovation

capability routine.
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Table 31 - Identification of Beta Energia Innovation capability (2008-2014) deployed by

routine*.

Routines Outcomes

Analysis of use of rice straw in the co-firing process with powdered Coal (2009). In cooperation
with UFSC university.

Installation of an Onshore Wave Energy converter prototype under marine conditions of the
. Northeast of Brazil (2009-2014). In cooperation with COPPE (Engineering Institute of UFRJ
technologles university), Ceard Ports, and Ceara state goverment.

Search for new

Analysis of Direct Osmosis process for the generation of energy using saline gradient (2012). In
cooperation with COPPE (Engineering Institute of UFRJ university).

Electrical propulsion system for small boats using batteries and solar energy (2011-2015). In
cooperation with UFSC and CEBRA firm.

Cross . ) . . . .
Development and Installation of Smart Micro Grids — Control strategies for integration of systems
functional and management of energy (2011). In cooperation UFSC university.

product

Maestro solution - Intelligent traffic and electric mobility system (2010).
development

Development and certification of a National 3,3 MW wind turbine. In cooperation with WEG
company (2013-2021).

Development of Technologies for predicting the Generation of electric energy for wind farms
(2011-2014). In cooperation with UFSC university.

Process and Implementation of 3MW Solar photovoltaic (PV) power plant and performance evaluation of
Equipment technical and economic of PV generation in different climate conditions in the Brazilian electric
development matrix (2012-2016). In cooperation with UFSC university.

Development and certification of a Brazilian 3,3 MW wind turbine. In cooperation with WEG
company (2013-2021).

Source: Author.

* The project Development and certification of a Brazilian 3,3 MW wind turbine appears both in the Cross
functional product development routine and in the Process and equipment development routine because this project
developed an equipment which can generate electricity but also is a product which is expected to be offered for

sale to firms of the electricity industry.

The analysis shows that Beta Energia’s strategy did not significantly influence the
Innovation capability development, as it did not present changes that could lead to the
development of the projects identified, such as an emphasis on the promotion of RSE or Energy
Efficiency.

On the other hand, the need to attend to the requirements of Law 9,991 (minimum R&D
expenditure) continued to be the primary driver of developing R&D projects. In this regard, the
2008 new ANEEL’s R&D guidelines, the requirements set by the Law 9,991 amendments and
the ANEEL’s R&D Manual (6™ version, in 2012), highly influenced the R&D projects
developed, which aimed to create business solutions based on testing experimental prototypes.
Therefore, the development of projects related to the Innovation capability can be identified as

an outcome of the co-evolution property Multilevelness/Embeddedness.
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As all of these nine (9) projects identified as Innovation capability were developed in
collaboration with a university or a partner, leading to this collaboration to be recognised as the
outcome of the co-evolution property Multidirectional Causalitites.

In 2012, ANEEL launched a new Manual (6 edition), setting new directions for R&D
project development. ANEEL followed the Public Consultation process, where the Brazilian
government's responsible agency asks for public suggestions and contributions before
amending the regulation. According to the interviews, Beta Energia always participated in this
process, alone and in association with other firms in the Electricity sector. Therefore, the
changes incorporated into the 6th edition of ANEEL’s Manual can be identified as an outcome
of the co-evolution property Positive Feedback.

The list of co-evolution properties identified in this period is shown in Table 32.
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Table 32 - Co-evolution properties identified in the Beta Energia analysis (2008-2014).

Coevolution
properties

Description (Lewin at al. (1999)

Coevolution properties identified (2008 - 2014)

Multilevelness /
Embeddedness

Coevolutionary effects take place at
multiple levels within firms as well as
between firms;

The Brazilian regulation directly influenced the Innovation capabilities
development, particularly Law 9,991, which established a compulsory
investment in R&D.

The new requirements set by the ANEEL’s R&D Manual (6th version, in
2012) aimed to incentive R&D projects that develop products and
processes innovations, representing technological and market challenges
to energy firms. These requirements affected the R&D projects in terms
of generating experimental prototypes aiming to create business
solutions.

In this process, Innovation department had to get closer to the firm's
Production department to identify internal operational needs that could
demand an innovative solution.

Therefore, new projects were developed, that aimed to develop new
technologies related to RSE (such as Solar, Wind, Onshore wave, and
Direct Osmosis process ), smart grids and smart city solutions.

Multidirectiona
1 Causalities

Organizations coevolve with each other
and with a changing organizational
environment. Changes may occur in all
interacting populations of organizations,
permitting change to be driven by mutual
direct interactions and by feedback from
the rest of the system.

The firm established partnerships and Alliances with Universities,
Research Centres (such as UFSC, COPPE) and other firms (such as WEG)
to develop strategic projects. The main projects can be cited are the
3MW Solar photovoltaic power plant with UFSC, the development and
Certification of a Brazilian 3,3 MW wind turbine (with WEG), the analysis
of Direct Osmosis process for energy generation using saline gradient
(with COPPE).

Nonlinearity

As a consequence of indeterminate
feedback paths, changes in one variable can
produce quite counterintuitive changes in
another variable.

Not identified

Positive
Feedback

Organizations systematically influence their
environments, and organizational
environments fundamentally comprised of
other organizations in turn influence
organizations. These recursive interactions
result in interdependencies and circular
causality; each firm influencing the other
and in turn being influenced by the behavior
of the other (recursive).

The regulation that strongly impacted the Innovation capabilities was
the Law 9,991, which was operationalized through . Engie Brasil Energy
participated in the process, alone and together with other firms,
through the public consultation process, where the Brazilian government
responsible body asks for suggestions before amending the regulation.

Path and
History
Dependence

Adaptation in a coevolutionary process is
path- or history-dependent

Not identified

Source: Author.
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Figure 41 presents the wrap-up of the analysis of the period 2008-2014 with the main
findings. At the Institutional level, which is divided into two sublevels (World and Brazil), it is
listed the main regulations identified related to the environment (yellow column) and related to
electricity market openness (orange column). It also shows that some regulations that were
issued at one level can be deployed (flows) to the other level. One example is the GHG
reduction national emission, which was set by the Kyoto protocol and was transposed
(voluntarily) into the Brazilian environment by the National Climate Change Policy (2009) and
the Plan for the Energy Expansion (2010).

At the firm level, it is presented the main aspects of the firm’s strategy, which, together
with the influences of the Institutional environment level, influence the Innovation capability
development. The outcomes of these developments are deployed by routine (Search for new
technologies, Cross Functional product development, Process, and Equipment development). It
was also identified the partnerships and Alliances set that are related to the Innovation capability
development.

Between the Institutional environment level and Innovation capability level, it is
highlighted the co-evolution process, where three of five of the co-evolution properties were

identified: Multivelness/Embeddedness, Multidirectional Causalities, and Positive Feedback.
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Figure 41 - Main findings of the analysis (2008-2014).

Main environmental regulations Electricity Market Openness

* GHG scheme emissions -
Emission Trading System (ETS);

* GHG national reduction emission
targets;

World:
Doha
Amendment
Institutional {2072)
environment
level

Brazil

* Law 9,991 (R&D obligatory
investment) amendments;

« ANEEL Manual (6! edition)

*National Climate Change Policy
(2009);

* Plan for Energy Expansion (2010);

* Brazil Net Metering for Distributed
Generation (2012):

Coevolution properties identified:
+ Multilevelness/fEmbeddedness - Ok

+ Multidirectional Causalities - Ok

+ Nonlinearity - X

+ Positive Feedback - Ok

+ Path and History Dependence - X

powdered Coal solar energy (2011-
. (2009). 2015).
F I rm . - Development and
Ievel - Installation of an Installation of Smart
Onshore Wave Micro Grids — Control

Innovation capability

Strategy

Search for Cross

new functional

technologies | pProduct
development

- Analysis of use of
rice straw in the co-
firing process with

Energy converter
prototype under
marine conditions of
the Northeast of
Brazil (2009-2014).

- Analysis of Direct
Osmosis process for
energy generation
using saline gradient
(2012).

- Electrical propulsion
system for small boats
using batteries and

strategies for
integration of systems
and management of
energy (2011).

- Intelligent traffic and
electric mobility system
(2010).

- Development and
certification of a
National 3,3 MW wind
turbine.

Process and
Equipment

development

- Development of
technologies for
predicting electric
energy generation for
wind farms (2011-
2014).

- Implementation of
3MW Solar photovoltaic
(PV) power plant and
performance evaluation
of technical and
economic of PV
generation in different
climate conditions in the
Brazilian electric matrix
(2012-2016).

- Development and
certification of a
National 3,3 MW wind
turbine.

To be a sustainability benchmark in the electricity
sector and maintain its position as the largest
private generator in Brazil.

Sustainable growth with financial discipline;
Maximizing the efficiency of the customer
portfolio;

Operational efficiency;

Motivation and alignment;

Ethics and responsibility;

Source: Author.
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c.3) Period 2015-2021

In this section, the study addresses the period between 2015 and 2021, which was
characterized, at the world Institutional environment level, by the UNFCC Conference of the
Parties in Paris (France) in 2015. At the Brazilian Institutional environment level, new
regulations were issued to promote electric mobility, Distributed Generation (DG) and the
openness of the market.

At the firm level, Beta Energia increased its business scope, entering into Transmission,
Electricity Trading, and Solar distributed generation activities. We included in this period of
analysis the Energy services offer, that is offered by firms performed under the Beta Brazil
holding firm structure, while we decided to keep the natural gas transportation business out of

the scope of this study.

i) Institutional environment level
The Institutional environment level is divided into two sublevels: the world, where the

United Nations coordinates actions, and Brazil's national regulations. The main regulations

identified in this period are shown in Appendix 12.

At the world Institutional environment level, in 2015, the 21% Conference of the Parties

(COP 21) in Paris reached a new agreement, which included commitments from all countries
to reduce their GHG emissions and work together to adapt to the impacts of climate change and
calls on National governments to strengthen their commitments over time. The Agreement also
provided a pathway for developed nations to assist developing nations in their climate
mitigation and adaptation efforts while creating a framework for the transparent monitoring and
reporting of countries’ climate goals. The main objectives set were:

e Reduction of global GHG emissions to limit the global temperature increase in this
century to 2 degrees Celsius while pursuing efforts to limit the increase even further to 1.5
degrees;

e Review countries’ commitments every five years;

o Provide financing to developing countries to mitigate climate change, strengthen
resilience, and enhance the ability to adapt to climate impacts.

Brazil signed the Paris Agreement in 2015 and promulgated it in 2017 through the

Brazilian Decree 9.073/2017, committing to reduce, until 2025, its GHG emissions by up to

37% (compared to levels emitted in 2005) extending this goal to 43% by 2030. The main

objectives of the Brazilian government are:
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v Increase the use of RSE;
v" Increase the participation of sustainable bioenergies in the Brazilian energy matrix to 18%
by 2030;

v" Use clean technologies in industries;

<

Improve transport infrastructure;

v Decrease deforestation, and restore and reforest up to 12 million hectares.

At the Brazilian Institutional environment level, regulations were issued to promote
Distributed Generation (DG). In 2015, Normative Resolution 687/2015 increased the electricity
generation limit from 1 MW to 5 MW, increased the validity period of credits from 3 to 5 years,
and authorized three new modalities of remote self-consumption: distributed generation, shared
generation, and projects with multiple consumer units. In 2020, Resolution No. 15/2020 of the
National Energy Policy Council (CNPE) was approved, updating the Distributed Generation
Regulatory Framework (REN 482/2012). It set that five (5) guidelines should be considered in
formulating and implementing distributed micro and mini-generation public policies (such as
non-discriminatory access to the distributors for distributed generation connection, and legal
and regulatory safety, with deadlines for maintaining the maintenance of the incentives of
current consumers who have distributed generation).

Regarding the deregulation of the electricity market, Law 514 in 2018 established the
gradual reduction of the migration limit for free customers in the Electricity Energy Chamber
of Commerce. From 07/01/2019, the limit was gradually reduced from a minimum of 3 MW to
2,500kW. From 01/01/2020, it became 2,000k W.

Besides, attention was called to promoting electric mobility. In 2018, the Network of
Innovation in the Electricity Sector (RISE) was created, a networking initiative aiming to foster
the creation and development of innovations and technologies, being electric mobility selected
as a priority area. Also, in 2018, Law 13,755 established the Rota 2030 program, which focuses
on encouraging R&D projects throughout the sector's chain. The program guidelines promoted
biofuels and alternative propulsion forms. At last, in 2019, Normative Resolution 819
established the procedures and conditions for carrying out activities related to electric vehicle
recharging by concessionaires and license holders of the public electricity distribution service.

Therefore, the following mechanisms related to the promotion of RSE and reduction of
GHG emissions were identified: Renewable energy dedicated auctions; Brazil's net metering
policy stimulating Solar Distributed Generation amendments, financing RSE development for

agricultural production (Inovagro); and support for Electric mobility program.
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In 2021, Law 14.120 was set to mitigate consumer tariff rises in the context of the
pandemic. It revised the conditions of some R&D and Innovation (RDI) investment
requirements provided by Law n. 9.991 and other complementary legislation. It transferred
specific funds, previously destined for obligatory R&D projects, to the Energy Development
Account since those projects were not initiated or contracted.

Figure 42 shows the main regulations related to the Electricity sector at the Institutional
environmental level (world and Brazil). The flows show the National transpositions, influences,

and updates of the regulations identified.
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Figure 42 - Main regulations and their interplay at the Institutional environment level between 2015 and 2021.

Main Regulations and their Interplay at the Institutional level (World and Brazil) from 2015 to 2021
Level \ Year 1993-1996| 1997 | 1998-2011 2012 2013-2014 2015 2016 2017 2018 2019 2020 2021
Agenda 2030 UN -
17 Susteinable
Doha Development
Kyoto Amendment COP 21 - Goals and 169
World | Eco-s2 protocol | FEEE 0 | Paris (2015)|  torsets
Protocol
al i Brazil Net Law 13.280 - [Decree FinBRAZEEC  [National Law 514 - Network of Law Pr and g ines for | New Power Demand National
Alliance
Programme Metering for Modified  [9.073/2017 Electricity Reduction of the Innovation in | 13,755 - conditions for micro and small-|sector Law (Law pilot |  Policy of
L Distributed the Law It promulgated Conservation limit for migration the Electric Rota [carrying out electric scale 14.120/2021) (  program- | payment for
Energy . ) . . Distributed  |Revised the Law [ Ordi; i
. Efficiency Generatio 9,991/2000. |the Paris Programme - of free customers | Sector (RISE) - 2030 | vehicle recharging . N
Brazil X 3 - o Generation 9.991/2000 |No.460/2020 |  services
program |lAmendment [Agreement Resource (2,500 kW in Eletric mobility activities ey
Updated B_'ﬂi;: 2012 under the Allocation Plan  (07/01/2019, 2,000 chosen as (Normative
e UNFCCC. 2018 KW in 01/01/2020). | priority. Resolution 819)

I, S

OBS: The regulations painted in yellow are related to the openness of the electricity market, while those painted in green are related to the control of GHG emissions. The

flows show the National transpositions, influences, and updates of the regulations identified.

Source: Author
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ii) Institutional environment changes effects on the Firm-level

This section will present the analysis of the effects of the Institutional environment
level changes on the firm level. The analysis first considers the effects on Beta Energia’s
strategy, followed by the effects on the R&D initiatives and projects. At last, the analysis of

the firm's Innovation capability is presented.

o [Effects on the Firm's Strategy

In 2016, after the firm that controlled X Energia announced that it was changing its name
to "Beta”, the Brazilian subsidiary followed the same decision and changed its name from X to
Beta Energia.

In 2016, Beta's headquarters in Europe oriented its activities towards sustainable
development to face the challenges of the energy transition to a low-carbon economy. The firm
aims to offer solutions to people, cities, and companies that allow access to renewable energy,
the mitigation and adaptation to climate change, the security of supply and the rational use of
natural resources.

The firm believes that, as the energy transition movement advances, the energy solutions
business will increasingly converge with the “traditional” energy business (generation,
transmission, and distribution). The “One Stop Shop” concept also applies to associated energy
and solutions, in which multiple services or products are offered by a single provider, or
associated providers, generating convenience and greater convergence of customer solutions. It
is recognized as a relevant competitive differential and a market of huge potential.

Thus, Beta defined, globally, two fundamental strategic objectives:

v' Become a reference in energy services in emerging countries:

v" Lead the energy transition in Europe with the following aspirations:
* become a partner in energy for its customers, encouraging the efficiency of its customers;
* be an element of energy decarbonization through renewable sources; and

* develop new businesses and digitalization.

This strategic movement was deployed to Beta Energia, Beta’s subsidiary in Brazil. In
2016, Beta Energia updated its Mission to “Offer innovative and sustainable solutions in energy
and services for people, companies, and cities.” In 2017, the Mission was simplified to “Offer
innovative and sustainable energy solutions”. The firm also updated its Vision in 2016 to

“Transforming people's relationship with energy for a sustainable world.”
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Beta Energia also redefined its business model to reflect the decarbonization,
decentralization, and digitalization movements in this new business context of the energy
transition to a low-carbon economy. Therefore, the firm dedicated itself to creating value based
on generation, primarily from renewable sources and energy commercialization. In addition,
Beta’s global strategic objective of becoming a reference in energy services was also deployed
to Beta Energia.

At the Brazilian Institutional environment level, the Brazilian government committed
itself to the goals set by COP21, aiming to reduce 37% of GHG emissions by 2025 and 43% by
2030. In this direction, regulations were set to increase RSE generation (such as promoting
Distributed Generation (DG)) and Electric Mobility. Besides, in 2018 a step further was carried
out to deregulate the electricity market by reducing the minimum limit for migration of free
customers (2,500 kW in 2019 and 2,000 kW in 2020).

Therefore, Beta Energia’s strategy was affected by the changes in the Brazilian
Institutional level and by Beta’s strategy, with both aligned in the same direction: energy
transition to a low carbon economy (through increased use of RSE). It can be suggested that
one of the reasons for this convergence is the deployment of goals from the COP21 Paris into
National regulations in Brazil and Europe (where Beta headquarters is located).

Beta Energia set three (3) Strategic pillars in this period, as follows:
v Responsible Generation expansion — Relevance among private energy generators
(Centralized generation, Distributed generation, Transmission).
v Commercial dynamism and portfolio management
o Adequated relationship between term, price, and market risk management.
o Customization of offers and consolidation of partnerships.
v" Innovation and low carbon transition (3D’s) - Decarbonization, Decentralization, and
Digitization

The need to increase its business scope beyond the electricity generation and supply
activities led the firm to enter the Transmission activity in 2017, and In 2018, Beta Energia
started the Electricity Trading activity.

Because of the decision to increase its energy services offer and the electricity generation
from RSE, the firm had to obtain new related capabilities, executed through acquisitions and
partnerships. Follows a statement of the Innovation and Disruptive manager (A1) about the

firm’s mindset in this process:
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“The strategy was to contract the service (to offer to the customers) or
buy the company... If I don't have the competence and you (external
company) have this competence, I will buy you. Thus, several
acquisitions were made during this period.”

Therefore, the firm carried out several acquisitions and developed joint programs with
partners, as follows:

v In 2016, Beta Energia entered the solar distributed energy generation segment by
acquiring a 50% stake in a firm focused on decentralized solar generation. The firm was
renamed Beta Energia Distributed Generation, and in 2018, Beta Energia acquired a 100%
stake in the firm.

v In 2018, the firm increased its effort to offer energy solutions through the following
acquisitions:

o Beta Energia Services-1, a firm dedicated to energy monitoring;
o Beta Energia Services-2, a firm leader (15% market share) dedicated to energy and
gas management, consultation, and procurement;

o Beta Energia Services-3, a firm dedicated to the public illumination market.

It is essential to highlight that Beta Energia’s commitment to the energy transition to a
low-carbon economy led the firm to dispose of two thermoelectric units for sale, relaying to
generate electricity from RSE.

In 2019, the firm acquired a 32,5% stake in a firm dedicated to natural gas

transportation. In 2020, the full acquisition of the firm was completed.

o Effects on the R&D initiatives, projects and goals

The analysis of R&D projects in this period shows that they seemed to be affected both
by changes in the Brazil Institutional environment by the establishment of new regulations,
and by the new Beta Energia’s strategy, which was deployed from Beta’s strategy.

Following Law 9,991/2000 and the ANEEL directives, the firm continued to develop
R&D projects addressing the development of new technologies to support the development of
the new firm’s businesses, which resulted in larger projects, a tendency already identified in
the previous period of analysis (2009-2014).

The R&D projects in this period (2015-2021) demanded a total investment of BRL.144
million divided into the following themes: New Business Development, Operational

Efficiency, Environment, and Strategic.
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Besides, a relevant change in the organizational chart occurred. Until 2015, most of the
innovation initiatives were carried out by the power generation business unit Beta Energia
(acquired with the privatization of Brazil South Energy in 1998). The increase in Beta
Energia’s scope of activities in Brazil and the need to develop projects in a more structured
way led the firm, in 2015, to create an Innovation department in the holding of Beta in Brazil
(Beta Brazil), with the following objectives:

v Coordinate efforts and identify synergies of Beta subsidiaries in Brazil and seek alignment
with the Beta headquarter in Europe to avoid redundancy of efforts;

v" Identify national innovation opportunities, especially those related to the country's unique
features and with high potential for development, such as agribusiness, solar energy, and
wind energy in Brazil.

To develop organizational ambidexterity, the separation of responsibilities was
defined: disruptive innovation initiatives would be centralized in the Innovation department in
the holding (Beta Brazil), while incremental innovation initiatives would be decentralized to
the subsidiaries, under the responsibility of the Innovation managers of each firm. Thus, in
some Beta Brazil subsidiaries, the innovation department was located under the Strategy
department, while in firms linked to energy service offers, the innovation department was
situated under the Quality and Productivity department. This decentralized form has sought to
capture existing needs in direct contact with customers and competition actions.

To better conduct its already established links with Universities, Research Centres, and
partnerships with other firms, it created a roadmap for the Open Innovation process, with
agreements with some external entities, as follows:

v LinkLab with ACATE (Santa Catarina state technology association) - For the
development of incremental innovation projects in the phase of conceptual tests (duration
around 3 to 4 months maximum);

v" SENAI - For the development of incremental innovation projects already in the
intermediate phase (duration between 12 and 18 months);

v" Beta Open — a Beta Energia firm separated from others, dedicated to more significant and

strategic projects, aiming for disruptive innovation.

« Effects on the Innovation capability
In this section, the analysis had as a primary reference the R&D initiatives, projects,

and goals, looking for those related to radical innovation as a proxy to the Innovation
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capability. In this regard, projects were developed in RSE, DG, Electric mobility, and use of

batteries. Follows the projects and initiatives identified:

v In 2017, due to the business opportunities created by the new Brazilian DG regulation
(Normative Resolution 687/2015), it was developed the Programa Industria Solar (Solar
Industry Program), a joint initiative with WEG firm and Santa Catarina State Industry
Federation (FIESC). This program promoted the use of solar energy by the industries in
Santa Catarina state. The pilot project offered residential photovoltaic systems with
facilitated conditions (lower interest rates and prices than the market) to firm participants’
employees, while in the second phase, this offer was extended to the employees of other
industries.

v In 2017, a project was launched aiming to develop a methodology for the characterization
of natural hydrogen using detectors installed in different regions of Brazil (2017). The
objective is to identify the areas with potential production of this gas and monitor them for
12 months. Project developed in partnership with external firms.

v In 2018, it was launched in Brazil the 11° Beta Open, a laboratory for Open Innovation
projects (disruptive, incubation, and venture capital fund) and internal innovation.
conjointly managed by Beta in Europe and Beta Brazil. Working closely with start-ups and
the UFSC university, the Beta Open's primary focus was the development of projects
related to solar and wind energy, smart cities, biogas and hydrogen fields;

v In 2019, an energy storage project was launched, aiming to explore the full potential of an
energy storage system through batteries, applied to four contexts: large centralized plants;
Distributed Gentle Generation; Distributed generation of small and electrical vehicles of
individual and collective transport. It has been developed by the UFSC university, having
external firms as partners. A battery of ions was integrated with a 3MW Solar photovoltaic
power plant and wind-power plants, while Medium-sized distributed generation
applications will be tested in a UFSC laboratory and possibly in Beta Energia customers.
The test of small, distributed generation applications occurred in the residences of
company employees;

v In 2020, it was set an alliance with Audi, the automotive manufacturer, to develop
infrastructure to recharge electric cars;

v In 2020, Beta Energia Distributed Generation launched a complete solution in Solar
energy: from the feasibility analysis evaluation to the maintenance of the installed system,

including the project's design, the interface with the dealership, and the performance
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monitoring. Also, in 2020, the remote generation projects were launched, in which Beta

Energia Distributed Generation conducts investments and rents the infrastructure

implemented for customers (model Energy as Service);

v Green Hydrogen development — In 2021, an agreement was signed with Ceara Brazilian

state to install in Pecem port a green hydrogen plant. The goals are to achieve between 100

MW to 150 MW of electrosis capacity in the next five years. By 2030, Beta Energia plans

to reach 4 GW of capacity production, implement 700 km of a dedicated network, and

operate more than 100 charging points.

The firm also continued the large projects already started, such as the 3SMW Solar

photovoltaic power plant (2012-2016) and the Development and Certification of a Brazilian

3,3 MW wind turbine (2013-2021). Related to this last project, in 2020, it was announced the

sale of 43 units, for which Beta Energia must receive royalties. Table 33 presents the R&D

projects related to each Innovation capability routine.

At last, due to the Pandemic in 2020-2021, the execution of Law 14,120 in 2021

transferred a total of R$ 13.1 million to a specific fund to mitigate the consumer tariff rise,

negatively affecting the start of new Projects.

Table 33 - Identification of Beta Energia’s Innovation capability (2015-2021) deployed by

routine.

Routines

Outcomes

Search for new
technologies

Development of a methodology for the characterization of natural hydrogen, using detectors
installed in different regions of Brazil (2017).

Beta Open initiative (Open Innovation). Since 2018.

Cross
functional
product
development

Project for the development and technical, regulatory and economic evaluation of energy storage
systems, applicable to centralized and distributed generation (2017).

Development of rechargeable system for eletric cars. Partner: AUDI Brasil (2020)
Solar Industry program (2017)

Green Hidrogen development (2021)

Process and
Equipment
development

Implementation of 3MWp Solar Photovoltaic Power Plant and Performance Evaluation of
Technical and Economic of PV Generation in Different Climate Conditions in the Brazilian Electric
Matrix (2012-2016).

Development and Certification of a National 3,3 MW Wind Turbine with Direct Coupling,
Permanent Magnet Synchronous Generator and Full Power Converter. In cooperation with WEG.
(2012-2021).

Source: Author.
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The analysis shows that Law 9,991/2000 (that set a minimum R&D expenditure), where
the ANEEL agency sets the guidelines for developing R&D projects, continued to exert a
critical role in developing projects related to the Innovation capability. Nevertheless, COP21-
Paris outcomes also performed a role in developing projects related to the Innovation capability
by influencing both the Brazilian and EU environmental regulations, where Beta firm is located.

In this process, Beta Energia’s strategy guided the development of projects aiming at the
energy transition to a low-carbon economy, where the energy services offerings have relevant
importance. Therefore, the R&D projects related to the Innovation capability concept can be
identified as an outcome of the co-evolution property Multilevelness/Embeddedness.

In developing projects with start-ups, one executive stated: "we realized that this was a
two-way street - we had much feedback from the start-ups themselves that learned a lot from
us, and that this joint evolution was quite interesting.” An Innovation and R&D analyst (A4)

stated the following about the firms acquired:

“It was a widespread practice for Beta Energia to mix teams whenever
acquiring a company. What happened a lot was the inclusion of people
who were already working at Beta Energia within these acquired
companies so that there was an exchange of know-how and the
company can be inserted into Beta Energia's culture.”

The relationships established with universities, with other firms to conjointly develop
projects (such as WEG, Audi, FIESC, and UFSC) and the launch of Beta Open, an independent
firm focused on the development of Disruptive innovation in collaboration with start-ups, and
the UFSC university can be identified with the co-evolution property of Multidirectional
Causalities.

The acquisitions of firms carried out by Beta Energia, aiming to increase the energy
service offer and the solar distributed generation service, can be identified as an outcome of
the co-evolution property of Nonlinearity.

Regarding the regulation changes, there is a public consultation process in Brazil, where
the Brazilian government's responsible agency asks for public suggestions and contributions
before amending the regulation. According to the interviews, Beta Energia always participated
in this process, alone and in association with other firms in the Electricity sector. Follows the

Regulations and Institutional Relations coordinator (A3) statement about this process.
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“When there is a change in a regulation, when this change of regulation
will occur, we end up being informed by the department of regulation ...
They inform the whole schedule and public audiences, contributions...
knowing this, We develop internally a complete analysis that addresses
all changes that can happen or not. We also have meetings with other
electric agents and seek associations with other companies to exchange
ideas. Given this, we give our contribution. (We) take a look at what
other associations will do related to this change in the regulation, in the
case of the ANEEL R&D manual.”

Therefore, it can be identified that changes in regulations and Innovation capability
follow the co-evolution property of Positive Feedback.
The list of co-evolution properties identified in this period is shown in Table 34. Figure

34 shows the wrap-up analysis of this period (2015-2021).
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Table 34 - Co-evolution properties identified in the Beta Energia analysis (2015-2021).

Coevolution Description (Lewin at al. Coevolution properties identified in 2015 - 2021
properties (1999)
The COP-21 definitions and goals were transposed into Brazilian
regulations, which set regulations to promote electric mobility,
Distributed Generation (DG) that directly affected the Innovation
capability development
Law 9,991/2000 established a compulsory investment in R&D, which
was complemented by the ANEEL guidelines to the development of R&D
. Coevolutionary effects take place projects (in 2021, Law 9,991 paused for new projects);
Multilevelness / at multiple levels within firms as Besides, Beta Energia strategy directed influenced the development of
Embeddedness well as between firms; projects aiming the energy transition to a low carbon economy, where the
energy services offer assumes a relevant importance.
Therefore, Projects were developed aiming at the electric mobility
(Development of rechargeable system for eletric cars), Distributed
Generation (Solar Industry program, Project of energy storage systems
and the Energy as Service by Beta Brasil Distributed Generation firm),
and RSE (Implementation of 3MWp Solar Photovoltaic Power Plant,
National 3,3 MW Wind Turbine, Green Hydrogen projects).
Organizations coevolve with each
o?;}:liri;alfojlvallﬂ:;v?rlgﬁi:ﬁt The fim established partnerships with firms (such as WEG, Audi,
. ' FIESC) and universities (mainly the UFSC) to develop the projects
. 3e . Changes may occur in all . .
Multidirectional interacting populations of related to Innovation capability concept.
Causalities .. . The firm also lauched Beta Open, a separated firm focused in the
organizations, permitting change to . L. . . .
. . development of Disruptive innovation in collaboration with start-ups and
be driven by mutual direct the UFSC university
interactions and by feedback from ’
the rest of the system.
As a consequence Oflndete.rrmnate The firm carried out acquisitions aiming to increase its offer related to the
feedback paths, changes in one . . . . .. .
. . . . energy services and solutions (including public illumination), and solar
Nonlinearity variable can produce quite distributed generation services
counterintuitive changes in another istibuied 8 ’
variable.
Organizations systematically
influence their environments, and
organizational environments
fundamentally comprised of other |The regulation that strongly impacted the Innovation capabilities was the
organizations in turn influence  |Law 9,991, which was operationalized through. Beta Energia participated
Positive organizations. These recursive [in the process, alone and together with other firms, through the public
Feedback interactions result in consultation process, where the Brazilian government responsible body

interdependencies and circular
causality; each firm influencing the
other and in turn being influenced
by the behavior of the other
(recursive).

asks for suggestions before amending the regulation.

Path and History
Dependence

Adaptation in a coevolutionary
process is path- or history-
dependent

Not identified

Source: Author.
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Figure 43 presents the wrap-up of the analysis of the period 2015-2021 with the main
findings. At the Institutional level, which is divided into two sublevels (World and Brazil), it is
listed the main regulations identified related to the environment (yellow column) and related to
electricity market openness (orange column). It also shows that some regulations that were
issued at one level can be deployed (flows) to the other level, such as national goals set in COP
21 Paris that triggered regulations in the Brazilian environment, such as the Distributed
generation plan (2015) and the Electric mobility.

At the firm level, it is presented the main aspects of the firm’s strategy, which, together
with the influences of the Institutional environment level, influence the Innovation capability
development. The outcomes of these developments are deployed by routine (Search for new
technologies, Cross Functional product development, Process, and Equipment development). It
was also identified the partnerships and Alliances set that are related to the Innovation capability
development.

Between the Institutional environment level and Innovation capability level, it is
highlighted the co-evolution process, where four of five of the co-evolution properties were
identified: Multivelness/Embeddedness, Multidirectional Causalities, Nonlinearity, and

Positive Feedback
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Figure 43 - Main findings of the analysis following the proposition scheme.

Main environmental regulations Electricity Market Openness

* GHG national reduction emission
targets;

* Increase use of RSE and
sustainable bioenergies;

* Law 9,991 (R&D obligatory
investment) and ANEEL guidelines;

*National Climate Change Policy
(2009);

+ Plan for Energy Expansion (2010);

+Distributed Generation (2015);

+Electric mobility (RISE program, Rota
2030, NR 819)

» Law 14,120 — suspension of Law

World:
COP 21 Paris
(2015)

Institutional
environment
level

+ Reduction of migration limit for
free customer in the Electric
Energy Chamber of Commerce
(CCEE): 2,5 MW in 2019 and 2
MW in 2020;

Brazil

9,991

Coevolution properties identified:
* Multilevelness/Embeddedness - Ok

» Multidirectional Causalities - Ok
* Nonlinearity - Ok

» Positive Feedback - Ok
» Path and History Dependence - X

Innovation capability

Strategy

Search for Cross Process and Mision: Offer innovative and sustainable energy solutions.
new functional Equipment Vision: Transforming people's relationship with energy for
technologies product development a sustainable world.

- Development
ofa
methodology for
the

development
- Energy storage
systems
evaluation to

- Implementation of
3MW Solar
photovoltaic (PV)
power plant and
performance

Strategic pilars;

* Responsible Generation expansion — Relevance
among private energy generators (Centralized
generation; Distributed generation;

Firm/| characterization | centralized and - fon
of natural distributed f;’;']‘:]?é;”as; Transmission).
level| nydrogen in generation (2017).| economic of PV « Commercial dynamism and portfolio

different regions
of Brazil (2017).

- Development of
rechargeable
system for eletric

generation in
different climate
conditions in the

management
* Adequate relationship between term,
price and market risk management.

- cars. (2020 Brazilian electric am
.n%f:f? Ce)p(’gn en | - Sola(r Indu)stry matrix (2012-2016). + Customization of offers and
I||qlr1|0\,21/tic,n)p program (2017) - Development and consolidation of partnerships.

' : certification of a o : ies el -
Since 2018. - Green Hidrogen | \‘iional 3.3 MW Innovation and low carbon transition (3D’s)

development
(2021)

wind turbine.

Decarbonization, Decentralization, and
Digitization

Source: Author
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The analysis of the interviews following the encoding analysis protocol (Table 5), was

performed, which led to the emergence of new codes: Open Innovation, Alliances and

Acquisitions, Organizational Redesign, and Research & Development (R&D). Table 35

presents a brief description of these findings, while the complete list of the codes generated,

with the quotes associated, are in Appendix 13.

Table 35 — Codes description that emerged from the interviews and examples of related

quotes.

Codes

Description

Examples of quotes

Open
Innovation

Open Innovation concept assumes that firms
can and should use external ideas as well as
internal ideas, providing insights into how
firms can manage inflows and outflows of|
knowledge to improve their innovation
achievements (H. Chesbrough, 2004),

"we have an open innovation program
that is external innovation in
partnership with startups. This open
innovation  external  innovation
program we distribute on two levels
as well". Al

"Then we created in Brazil a space that is
Beta Open, with separate firm and a team
thinking of those more out of box
projects, like new business, a more
disruptive way." - Al

Alliances
and
Acquisitio
ns

Interfirm alliances are voluntary
arrangements among independent firms that
exchange or share resources and engage in
the co-development or provision of]
products, services, or technologies (Gulati,
1998).

Acquisitions enable firms to access and
control knowledge that is situated outside
of its current domains and is completely
different from their internal knowledge
without needing a combination of
knowledge (Stettner & Lavie, 2014).

113

We always make alliances
considering that we do not develop
our projects alone. We have the
demand, we have people at home
who understand the subject, but have
no time or technical competence to
develop new things. So we always
have strategic partnerships in project
development, with universities, other
development companies, technology
centres and everything else for
project development. ““ - A2

“The strategy was to contract the service
(to offer to the customers) or buy the
company... If I don't have the
competence and you (external company)
have this competence, I will buy you.
Thus, several acquisitions were made
during this period.” - Al

Organizati
onal
redesign

Constant organizational analysis to identify
if the current organizational structure is the
most appropriate at each moment to face
the demands from competitive and
regulatory  environments.  Particularly
important when the firm wants to perform
Exploration and Exploitation activities at
the same time (organizational
ambidexterity).

"The idealization of the structure
was  to placing  incremental
innovation in a decentralized way
within companies and creating a
space for the disruptive apart... As a
way to operationalize the concept
that we listen to develop the
ambidexterity environment." - Al

T"he area of innovation in this company
was close to the strategy, to be linked to
long-term decisions. At the other firm, a
maintenance  service company, for
example, of industrial facilities, large air
conditioning of bank or mall, which is
very on a daily working basis, innovation
was the quality manager and
productivity manager." - Al

in

Research
and
Developm
ent (R&D)

The firm must consider aspects such as
proprietary versus nonproprietary
technology, what complementary
technologies the firm needs to bring
together to produce products/services, and
what complementary assets the firm needs
(Bogers et al. (2019).

"Our  R&D and Innovation
department has to manage R&D,
internal  innovation and  open
innovation activities... Because (the
firm business) is regulated, existing
mandatory R&D  budget to
accomplish, but we also have to
manage the Internal innovation, with
a specific amount only for
incremental ideas, but focused on
processes." - Al

"We have to manage the R&D budget,
the obligatory expense, and define what
to develop internally or look for support
from university or firms" - A2

Source: Author.
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4.3 — Cross-case analysis

The Cross-case analysis aims to compare and contrast the patterns that emerge from the
case studies (Eisenhardt, 1989; Yin, 2008). Therefore, it will be addressed firstly by analyzing
the a) The Legal framework at the Institutional environmental level, followed by b) the firm-
level analysis, focusing on the Innovation capability development. Later, on based on the data
analysis, it was possible to generate two propositions (c). At last, on d) it is developed a
comparative of co-evolution properties identified between the two cases, aiming to identify the

reasons of different outcomes, when they exist.

a) The Legal framework

At the Institutional level, United Nations (UN) played a common role in establishing a
legal framework addressing Climate Change and environmental concerns. In this direction, the
UNFCCC (United Nations Framework Convention on Climate Change) was created to stabilize
human-induced GHG concentrations that could interfere with the climate system. Under this
convention, the Conferences of Parts (COP) meetings were established to define the goals,
commitments, and mechanisms needed to achieve this objective. The most important COPs in
terms of outcomes were Kyoto (1997), Doha (2012), and Paris (2015).

The first difference between the two case studies is the existence of the European Union
(EU) organization, which played an important role in issuing regulations that every European
National member must follow. The EU also defined goals and commitments in the scope of the
UNFCCC, where the EU acted as a unity. After reaching an agreement, the goals and
commitments were later deployed to each European National member. It was also the case of
the regulations promoting the openness of the electricity market, which was defined in the scope
of the EU and later deployed to its national members.

Therefore, in the Alpha case study, the COP’s goals and commitments were agreed upon
with the EU, which generated Directives that were then transposed into the French Institutional
environment level (by national regulations). In the Beta Energia case study, the COP’s goals
and commitments were directly transposed into the Brazilian Institutional environment level.

Table 36 summarizes the Differences in the Institutional levels Brazil x France.
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Table 36 — Differences in the Institutional levels Brazil x France.

Institutional Level Brazil | France
World - United Nation=> UNFCCC | =x ~X
European Union (EU) { :x
National \} X Sx

Source: Author.

At the National Institutional environment level, the regulations related to the Electricity
utility industry in the period of analysis can be broadly divided into two (2) types: 1) those
addressing the openness of the electricity market, the promotion of competition, and reduce the
power of the verticalized utility firms, and ii) those related to environmental concerns, aiming
to reduce GHG emissions and promote the use of RSE and the increase of Energy Efficiency.

Important to highlight that, at the Brazilian institutional level, in 2000, a specific
regulation (Law 9,991) was highly relevant in promoting investments in R&D and Energy
Efficiency of the firms in the Electricity sector in Brazil through a compulsory investment of
1% of their Net Operating Revenue. It will be explained later.

Regarding the regulations that promoted the openness of the Electricity market, they
consist of the deregulation of markets (to allow customers to choose any supplier of choice
freely) and the firm’s legal separation in each electricity value chain activity. In particular, it
was set that transmission firms must be different from generation or supply firms.

The changes in the Legal framework led to partially different outcomes. In the Alpha
case study, the process allowing customers to choose the supplier freely was completed in 2007,
and the separation of the firm responsible for the transmission activity from the generation or
supply activity was achieved in 2015.

In the Beta Energia case study, in 1998, consumers with more than 3 MW of
consumption could freely contract energy from generation firms. This limit was gradually
reduced to a minimum of 2,500kW in 2019, and in 2020 it became 2,000kW. Nevertheless,
residents still depend on regulated prices and do not have the freedom to choose their suppliers.
On the other hand, the process of separating the firm responsible for the transmission activity

from the generation or supply activity was wholly achieved.
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Figure 37 — Comparative in differences in the outcomes resulted from Institutional

levels (Brazil x France).

France Brazil
Customer's Supplier | free choose since 2007 | customers with more than 2 MW
of choice of consumption (2020)
Transmission firm
must be different
. 2015 2011
from generation or
supply firm
Strategic effects on [Keep customers loyalty |Energy solution offer is a
Electricity utility and keep market share  [competitive differential and a
firms by increasing the Energy |market of huge potential.
(innovative) services
offer
Energy services
dedicated firms Alpha services Energy 1/2|  Beta energia services 1/2/3
(firms acquisitions)

Source: Author

b) Firm-level analysis

The process of openness in the Electricity market triggered the same reaction in both
case studies: the decision to increase the energy services offered. Alpha started moving in this
direction in 2004 to keep customer loyalty and preserve market share. In the Beta Energia case
study, in 2016, it was understood as a business opportunity and relevant competitive differential
once Beta Energia was focused on the Electricity generation activity.

In both study cases, the increase in the Energy services offered was achieved mainly
through investments aiming to develop innovative services, Therefore, this action can be
considered as tan outcome of the he co-evolution property Multilevenelss/Embebedness.

It was also triggered a process of acquisitions of firms already working in the field of
energy services. It was the case of the acquisitions of Alpha Services Energy and Alpha Services
Energy-2 in the Alpha case study, and acquisitions of Beta Energia Services-1/2/3 in the Beta
Energia case study. Therefore, this action can be considered as an outcome of the the co-
evolution property Non-linearity.

Regarding environmental concerns, the first goals were set in 1997 at the COP-3 in
Kyoto (called Kyoto Protocol), which set individual targets for reducing GHG emissions

(baseline 1990), and established mechanisms, such as the Emission Trading System (ETS).
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When transposed to the National environment level, these goals were deployed into subgoals,
including increasing the share of RSE and energy efficiency.

The mechanisms used for supporting the goals' achievements were the same in both case
studies: Emission Trading System (ETS), Loans and grants, Feed-In Tariffs, Tenders to
stimulate RSE, and Tax reliefs / Tax exemptions. Specific taxes to discourage carbon-related
use (Eco-taxes) were identified in the Alpha case study but not in the Beta Energia case study.

The first reaction to these new regulations was similar in both case studies - firms
invested mainly in incremental rather than radical innovation. This finding follows Lewin et al.
(1999), who states that the emergence of a turbulent environment leads the firm to the patterns
of Exploitation at the first moment, and is in line with the findings of Flier et al. (2003) in their
study about the European financial sector, which was experiencing significant technological
developments at the industry level, posing a challenge to the incumbents.

One of the possible explanations for this behaviour is suggested by Uli (2018), who
states that incumbents face challenging decisions on high investments in radical innovation,
which present high uncertainty of future cash flows. Besides, new technologies may make
obsolete the incumbent’s current resources and capabilities and displace existing consumers. It
is even more challenging for vertically integrated incumbents, representing a significant
problem of adaptation (Afuah, 2001).

In the Alpha case study, it was identified that the predominance of nuclear generation in
France (87% in 2005), which has low GHG emissions, led to France’s GHG emissions at a level
roughly equivalent to the 1990 level (the baseline). Thus, France’s target commitment to the
Kyoto protocol was to keep its GHG emissions at the same level, leading Alpha to develop a
balanced generation mix, with the presence of renewables but holding a solid position on the
nuclear generation.

Therefore, the RSE development was assigned to a dedicated external firm (Alpha
Renewable Energy) which was partially acquired in 2004 (50% stake). Initially, the RSE
development was focused mainly on centralized Wind-power and solar generation, following
Foxon et al. (2005) findings, who state that in the first moment, the Innovation capability
initiatives prioritized by incumbents were those that best fit their Electricity centralized
generation business model.

In 2008, Alpha increased its investments in the Distributed Solar generation field. In this
direction, a specific firm, Alpha Distributed Renewable Energy (ADRE), was created, which

acts as a holding dedicated to manufacturing solar PV components in a verticalized production
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strategy. This verticalization strategy can be associated as the outcome of the co-evolution
property Nonlinearity.

Since 2011 Alpha's strategy has firmly committed to very low carbon emissions by
developing diverse forms of RSE, and yet in 2011, it took complete control of Alpha Renewable
Energy, while in 2012, Alpha fully acquired ADRE control.

In the Beta Energia case study, as the Kyoto protocol (1997) did not set goals and
commitments for developing countries, Brazil had no direct obligations to reduce GHG
emissions. Besides, with the predominance of a renewable matrix based on hydro generation,
little attention was left to developing other RSE (For example, the first renewable energy
auction was executed just in 2008). Brazil committed to more ambitious goals by setting the
National Climate Change Policy (2009) and the 2010-2019 Plan for Energy Expansion (2010).

Nevertheless, Brazilian Law 9,991, which set the obligatory investment, was
fundamental to promoting R&D investment in this period. Firstly, it led the Beta Energia firm
to set close relations with universities near the firm headquarters, and besides, from 2008, it
promoted not just academic research but the development of solutions and technologies that
generated a set of prototypes.

It can be noticed a significant difference from 2015 with the COP-21 Paris, which is
characterized by more ambitious environmental goals to mitigate Climate change. They led the
European Union to pursue the carbon-neutrality by 2050, which was transposed to the France
Institutional environment level by France’s multi-year energy plan (PPE) and the law on Energy
and the Climate. Both supported the EU carbon-neutrality goal by providing the necessary
roadmap and means.

Besides, Alpha, in 2019, moved one step further in this direction by including not only
the direct carbon emissions but also its indirect carbon emissions, aiming to achieve carbon
neutrality for its entire carbon footprint by 2050. Therefore, Alpha decided to close four (4)
coal generation units, focusing on investments in low GHG emission generation modes
(renewables and nuclear energy), and to invest in electricity storage and Electric mobility.

In the Beta Energia case study, the firm decided to move in the same direction (carbon
neutrality), which led to the disposal for sale the coal generation units (2). The firm also
continued to invest in RSE and started to invest in Electricity storage, Electric mobility, and

Green Hydrogen.
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Therefore, in both cases studied, regulations played a fundamental role in the Innovation
capability development of the firms, directly in the firm’s Innovation capability or indirectly
through triggering changes in the firm strategy.

In this regard, in both study cases, the Innovation capability development was very
similar: they aimed to develop Renewables technologies (Wind, Solar, Biomass, Hydro, and
lastly, Hydrogen), Energy services offer (including Distributed Generation), Smart grids (to
manage the grid with the presence of the intermittent sources of energy and Distributed
Generation), Smart city concept, Electric mobility and all the infrastructure related, and
Electricity storage.

It is essential to highlight that in both case studies, the need to complement its internal
knowledge was identified, leading to the establishment of partnerships with universities and
Research Centres, Alliances, and join-ventures with firms to develop new solutions conjointly.
In the Beta Energia case study, the partnerships with universities were a very relevant outcome
in the first years of implementation of Law 9,991. These actions can be identified with the co-
evolution property Multidirectional Causalities.

This need also led to the development of a process of Open Innovation in both case
studies. A start-up incubator firm was created, and besides, in the Alpha case study, a venture
capital fund for startups was created. In both case studies, acquisitions were carried out,
allowing these firms to increase their Energy services offers and enter the renewables segment.

One important aspect that emerged from the interviews in the Beta Energia case study
was the location of the Innovation department in the organizational chart. Between 2000 and
2016, the Innovation department was under the Operations department's structure, changing to
the Regulation department between 2016 and 2019. In 2019, it was moved again to be located
under the New Business department. Therefore, it seems that this movement followed the
different perceptions about Innovation in the firm: as close to the Operations (aiming to identify
improvement opportunities), as a concern about regulation accomplishment, or as a mean to
develop new business. Besides, in 2015, the separation of responsibilities was defined with the
disruptive innovation initiatives e centralized in the Innovation department in the holding (Beta
Brazil), while incremental innovation initiatives were decentralized to the subsidiaries, under

the responsibility of the Innovation managers of each firm.
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c) Propositions

The cases study data analysis turned possible to offer a set of propositions for the
Innovation capability development sustained by our research data, as follows:

Proposition 1 — Innovation capability development is influenced by the increase in
the firm’s scope of business.

It was identified that the Electricity utility firms moved to increase their business scope
beyond the traditional centralized electricity generation business model. This movement was
triggered at the first moment by the deregulation of the electricity market when incumbents
looked to increase their service energy offers to face the increased competition, in an attempt
to keep customer loyalty.

Later, the increasing use of electricity generated from renewable sources, which has the
feature of intermittent generation, led the firms to develop smart grid solutions to integrate the
different energy sources into the grid and manage the complexity of electricity supply with the
demand. In particular, the spread of the Photovoltaic solar technology development allowed the
emergence of Distributed Generation and created a market of related energy services
(evaluation, installation, and integration into the electric grid, etc.).

Besides, the technological development allowed the identification of new uses for
electricity, identified as a means to achieve lower GHG emissions and increase energy
efficiency. These new uses of electricity were also promoted by national regulations and offered
new business opportunities to electricity utility firms, leading to the emergence of the concepts
such as electric mobility (which encompasses the development of electric vehicle charging
infrastructure, the batteries development, and associated performance tracking), the smart city
(including public illumination, public transport, intelligent low carbon buildings), and the use
of digital technology in customers relations to improve installations monitoring and
maintenance forecasting.

Therefore, it was identified in both case studies that firms increased their business scope,
by entering new segments such as the energy services market, electric mobility, and the smart
city. This movement led the firms to look for access to new technologies, knowledge, and
capabilities located outside their current domains. This process led to the development of the
Innovation capability by establishing partnerships with Universities and Research centres,
setting alliances (joint ventures) with firms to develop new products and solutions co-jointly,
and carrying out acquisitions of firms already established in the energy services market and in

the Solar Distributed electricity generation.
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Proposition 2 — The Innovation capability development of the regulated industries
converges into the same initiatives when under global governance.

Among the outcomes of the ECO-Rio conference in 1992 ECO-Rio, can be highlighted
the establishment of the United Nations Framework Convention on Climate Change
(UNFCCC), which aims to coordinate actions from countries to mitigate the effects of Climate
change. The members (countries) of the Convention attend annual meetings called Conference
of Parties (COPs), where obligations and mechanisms to limit Global warming and address its
effects are discussed and approved.

As the Electricity utility industry emits around 40% of global energy-related GHG gases
(IEA, 2022), it received increasing attention as a critical area to be addressed. In this regard,
besides the set of mechanisms and national goals to reduce CHG emissions, specific goals and
mechanisms were set to promote the development of the RSE, and the increase of Energy
Efficiency.

Over time, technology development allowed the identification of new uses for electricity,
which were also promoted by regulations to achieve lower GHG emissions and increase energy
efficiency. Besides, the development of technology and the effects of the learning curve (figure
21) also led to a cost reduction for the adoption of RSE technologies (such as shown for the
Solar PV module in figure 20), which allowed an even further increase in the environmental
goals. Therefore, the statement “Rules shape technology, but also technology shapes rules” (M.
Vazquez, M. Hallack, 2018) is verified.

Until COP 21 (Paris-2015), countries like the USA, Russia, Canada, Japan, and
developing countries did not assume commitments to reduce GHG emissions, while just the EU
Member States, other European countries, and Australia accepted commitments. Nevertheless,
in COP 21, a new agreement was reached that included commitments from all countries, and it
provided a pathway for developed nations to assist and finance developing nations in their
climate mitigation and adaptation. Therefore, it can be suggested that a certain type of global
governance, that defines for each specific country goals and mechanisms to limit the impacts
of global warming, was achieved under the scope of the UNFCCC.

It was identified that in both case studies, the goals and mechanisms defined at the
UNFCCC (annually in the Conference of the Parts) were transposed into national regulations,
that affected the firms’ Innovation capability development, leading to developing the same

types of initiatives: RSE development, electricity storage by the use of batteries, smart-grid
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technology, energy services offers to increase energy efficiency, electric mobility, and smart

city solutions.

d) Co-evolution properties identified - analysis.

Tables 38 and 39 show the co-evolution properties identified in the Alpha and Beta
Energia case studies, respectively. It can be noticed that the co-evolution property
Multilevelness /Embeddedness is identified in both cases studies, in all the periods of analysis,
highlighting the role perfomed by the Legal framework in influencing the Innovation capability
of the firms studied. Nevertheless, there are some differences regarding the identification of

other co-evolution properties, that will be discussed.

Table 38 — Co-evolution properties identified — Alpha case study.

Coevolution
properties 2005-2006 [2007-2008 |2009-20102011-2014 (2015-2021

Multilevelness /

X X X X X
Embeddedness
Multld{r.ectlonal X X X X
Causalities
Nonlinearity X X X X X
Positive Feedback X
Path and History X X X X X
Dependence

Source: author.

Table 39 — Co-evolution properties identified — Beta Energia case study.

Coevolution
properties 2005-2007 [2008-2014 |2015-2021

Multilevelness / X X X
Embeddedness
Multidir.ectional X X X
Causalities
Nonlinearity X
Positive Feedback X X X
Path and History
Dependence

Source: Author.
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The co-evolution property Multidirectional Causalities, which is related to the setting of
partnerships and Alliances with external actors, such as Universities, Research Centres, other
firms or start-ups (via Open Innovation), was identified since the start of the Beta Energia case
study. One possible reason is that Beta Energia had to attend the compulsory aspects of
Brazilian Law 9,991 regarding obligatory expending in R&D projects through intensive
partnerships with universities. Conversely, in the Alpha case study, from 2005 to 2006, it was
not identified any initiative related to radical Innovation using external collaboration.

The co-evolution property Nonlinearity, in this study, identified as related to the process
of firm acquisitions to acquire or develop Innovation capability, was identified in the Alpha
case study in all periods of analysis once the electricity market openness triggered the
acquisitions of Energy service firms, and it continued through the complete acquisitions of firms
related to the RSE. Beta Energia started the process of firm acquisitions just after 2015. Here it
can be identified two possible reasons for this delay: first, it can be noticed the different results
in the electricity market openness process that was completed in France in 2007 but just
partially in Brazil (table 37), meaning that the French electricity market became, comparatively,
more competitive than the Brazilian market, and second, due to changes in the Beta Energia
corporate strategy, where the importance of increasing Energy services as a business
opportunity was identified.

The co-evolution property positive feedback, related to the influence that actions taken
by firms influence the Institutional environment (Legal framework), was identified in the Alpha
case during the process of discussion of the “Le Grenelle de Environment” (period 2007-2008),
which aimed to redefine the French Energy Policy, during which the Electricity utility industry
was formally consulted. No other formal consultation process was identified, although it can be
possible that Alpha may have influenced the French Energy Legal framework in different ways.
Conversely, in the Beta Energia case study, the Brazilian regulation set the need to follow the
Public Consultation process before any regulation amendment, which led to the Electricity
utility industry participants actively participating in the Law 9,991 amendments.

At last, the co-evolution property path-dependence was identified in all analysis periods
in the Alpha case study due to its commitment to nuclear energy generation (88% of the energy
produced by Alpha in 2006). It was not identified at all in the Beta Energia case study. One of
the possible reasons for that may be the widely recognized technological leadership in nuclear
generation by Alpha, which led the firm to prioritize the development of this technology.

Conversely, although Beta Energia was an important energy producer in the Brazilian
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electricity utility industry, any condition was not identified that indicated resistance or

reluctance to invest in forward-thinking innovations.

4.3.1 — Codes analysis comparison
The codes analysis that emerged from the interviews (Beta Energia case study) generated
the following codes: Open Innovation, Alliances and Acquisitions, Research & Development

(R&D), and Organizational Redesign. These codes were analyzed and compared with the

findings of the Alpha case study, which relied on the document analysis methodology to verify

if they could be applicable too. Below are the results:

v" Open Innovation - The study identified that in both case studies, the firms developed
initiatives aiming the Openness to external innovation, leading to the establishment of
dedicated firms to work as start-ups incubator.

v Alliances and Acquisitions — Both firms developed an extensive process of acquiring firms
(mainly related to Energy services and Decentralized Solar Energy generation). Besides,
both firms developed Alliances, such as joint ventures and partnerships, with other firms,
universities, and research centres.

v" Research and Development (R&D) — Both firms identified the need to manage R&D
activities, where the firm must consider aspects such as proprietary versus nonproprietary
technology, what complementary technologies the firm needs to bring together to produce
products/services, and what complementary assets the firm needs (Bogers et al. (2019).

v" Organizational redesign - In the Beta Energia case study, a constant concern was identified
about the location of the Innovation department in the organizational chart, considering the
need to develop ambidexterity (development of Exploration and Exploitation by the firm at
the same time). The Alpha case study also identified the decision to develop RSE and
Energy services in separate subsidiary firms, both in a verticalized structure.

Therefore, the codes that emerged from the interviews (Beta energia case study) were

supported by the findings from the document analysis performed on the Alpha case study.
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5- DISCUSSION

The notion that the firm’s Innovation development can be affected or triggered by an
external factor or event (Nelson & Winter, 1982), or by a “shock” from internal or external
sources to the organization (Schroeder et al.,1989), such as changes in regulations, has already
been addressed by the literature.

The co-evolution theory (Lewin et al., 1999) proposes a complementary perspective,
where the firm's strategic and organizational adaptations co-evolve with environmental changes,
the patterns of change are interdependent, the direction of these changes is not unidirectional,
and new organizational forms can change and emerge. Therefore, an organization’s co-
evolution results from the interplay between internal and external forces in the organization’s
environment.

The data analysis developed allowed us to propose an Innovation capability concept
update and a Multi-level Framework proposal incorporating the co-evolution perspective.

as follows:

5.1 — Innovation capability update proposal

The data analysis allowed to identify the emergence of new codes (Open Innovation,
Alliances and Acquisitions, Organizational Redesign, and Research & Development (R&D)).
Therefore, it is possible to propose an update of the Innovation capability concept, incorporating
the co-evolution perspective (figure 44).

In this proposal, the “Search for New Technologies” routine also encompasses the
Search for Knowledge and Capabilities and is deployed into three new sub-routines: Search
Behaviour/Environmental scanning, Alliances and Acquisitions, and Research & Development
(R&D). The “Cross Functional product development® routine also is modified by incorporating
the services development aspect, but the “Process and Equipment development” routine is
suggested to be kept according to the original concept.

This proposal also suggests the inclusion of two new routines, which can be associated
with the three main routines that compound the Innovation capability: Open Innovation and
Organization redesign routines. These routines are not an end in themselves; nevertheless,

through a synergist play, they leverage the outcomes of the three main routines.
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Figure 44 — Innovation capability proposal

Innovation
capability

/\\

Search for new Cross functional Process and
. product and .
Technologies/knowl service Equipment
edge/capabilities development
|__development |
Search . Research &
. . Alliances and
behaviour/Enviro Acquisisti Development
nmental scanning cquisistions (R&D)

Open Innovation

Organizational Redesign

Source: Author based on Peng et al. (2008).

Following is the description of each routine of the Innovation capability proposal.
a) Search for New Technologies/Knowledge/capabilities routine.

In analyzing this routine, a broader scope is suggested beyond the identification,
acquisition, and anticipation of new technologies by incorporating the search, development, and
acquisition of new knowledge and capabilities.

Therefore, it is proposed that the routine change its name to Search for New
Technologies, Knowledge, and Capabilities which can be deployed into three new sub-routines:
Search Behaviour, Alliances and Acquisitions, and Research & Development (R&D), whose
description follows.

a.1) Search Behaviour / Environmental scanning sub-routine.

The essence of exploration has been characterized as the pursuit of new knowledge and
discovery of new approaches to technologies, businesses, processes, or products (Levinthal &
March, 1993; Mcgrath, 2001), and the concept of Search behaviour is usually an essential part
of the explorative Innovation (March, 1991).

Firms try to adapt to their environment (Cyert & March, 1963) through learning

processes that take place after feedback loops bring new market knowledge to the organization,
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turning these firms aware of their performance, routines, resources, and practices concerning
other firms in the industry, potentially posing new challenges to firms. Through Search
behaviour activity (Cyert & March, 1963), which can be defined as the pursuit of new or
alternative ways of doing things, firms can develop local search or search for radically new
alternatives.

Local search has been defined as the firm’s behaviour to search for solutions in the
neighbourhood of its current knowledge or expertise, leading firms to focus on similar
technology, concentrate in the same technological domains where they already operate, and
thus achieve incremental innovation which limits the potential outcomes (Rosenkopf & Nerkar,
2001; T. E. Stuart & Podolny, 1996).

In contrast to local search, Rosenkopf and Nerkar (2001) state that boundary-spanning
exploration, which is based on getting knowledge from beyond local organizational and
technological domains, leads to the ability to create new knowledge through the recombination
of knowledge across domains.

In this process, the path dependence exploration that involves search along different
dimensions is the fundamental mechanism by which firms learn and organizational knowledge
evolves (Rosenkopf & Nerkar, 2001).

Complementary, Sidhu et al. (2004) argue that exploration can be conceptualized
regarding information-acquisition actions. The broader the scope of external-information
acquisition, the more exploration-oriented the firm is, and the narrower such scope, the less
exploration-oriented the organization.

Therefore, combining and recombining diverse existing knowledge can create new
capabilities (Helfat & Winter, 2011; Teece et al., 1997a), which are key for achieving and
maintaining a competitive advantage. Consequently, Search behaviour leads to capability
development (Barnett & Hansen, 1996; T. E. Stuart & Podolny, 1996) and triggers the firm
development process of imitation or creation of new capabilities (Huygens, Baden-Fuller,
Bosch, 2001).

Because of the importance and complexity of the Search Behaviour routine, a critical
component of a firm's Innovation capability, we suggest establishing a separate sub-routine

dedicated to this purpose.
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a.2) Alliances and Acquisitions sub-routine.

It was identified that the ability to successfully manage alliances and firms’ acquisitions,
aiming to have access to knowledge outside the firm’s domains, demands specific and dedicated
attention.

One alternative to firms gaining access to different technology is establishing a strategic
alliance. The Stuart and Podolny (1996) study about Matsushita has highlighted an example
where a firm could move from local search through the extensive use of alliance with other
firms that allow it to access different technologies.

Interfirm alliances are voluntary arrangements among independent firms that exchange
or share resources and engage in the co-development or provision of products, services, or
technologies (Gulati, 1998).

The firm’s intention to enter into an exploration alliance is related to the desire to
discover new opportunities jointly with a partner who usually wants to keep its independence
(Koza & Lewin, 1998). Kogut (1988) states that among the primary motivations for a firm
establish an alliance is the quest for organizational knowledge or learning that results when one
or both partners want to acquire some critical knowledge from the other or one partner wants
to maintain its capability while seeking another firm’s knowledge.

Alliances formation turn possible to transfer the organizationally embedded knowledge,
which cannot be easily packaged through licensing or market transactions, such as tacit
knowledge, from one firm to another (Kogut, 1988).

Therefore, alliances serve many purposes and can take diverse forms, such as joint
ventures, collaborative R&D, and affiliation in research consortia (Lavie & Miller, 2008).

In particular, a joint venture is encouraged under two conditions: one or both firms desire
to acquire the other’s organizational know-how, or one firm wishes to maintain organizational
capability while benefitting from another firm’s current knowledge or cost advantage (Kogut,
1988). Also, a firm may decide to do a joint venture to retain the capability of organizing a
particular activity while benefitting from a superior production technique of a partner (Kogut,
1988).

Nevertheless, the search and discovery of new knowledge are confined by the scope of
the alliance agreement (Stettner & Lavie, 2014), usually requiring the combination of
complementary knowledge and coordinating activities in a way that enables the firm to retain

some knowledge that is unshared with its partners (Lavie, 2006).
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Acquisitions are an alternative to increase the scope of the search for opportunities
beyond those available via alliances, maximizing the value of exploration. Acquisitions enable
firms to access and control knowledge situated outside their current domains and completely
different from their internal knowledge without needing a combination of knowledge (Stettner
& Lavie, 2014).

Acquisitions may require challenging integration of the acquired firm’s knowledge
(Lavie et al., 2010). The acquiring firm’s ability to leverage its knowledge is limited when the
acquired firm’s knowledge is not closely related (Puranam et al., 2009). The more diverse the
acquired firm is from the buyer, the more difficult it is to integrate its knowledge with the

buyer’s knowledge.

a.3) R&D sub-routine.

Having identified relevant technology and knowledge, the firm must decide whether to
develop or source it externally. According to Bogers et al. (2019), the firm must consider
aspects such as proprietary versus nonproprietary technology, what complementary
technologies the firm needs to bring together to produce products/services, and what
complementary assets the firm needs. With the increasing complexity of technology, many
potentially disruptive emerged from outside current firms’ domain, incurring increasing costs
of expenditure in Research & Development (R&D), time-consuming efforts, and high-level
uncertainty regarding the outcomes. The firms must also manage short-term investors and

shareholder activism pressures to cut R&D expenses.

b) Cross-functional product and service development routine.

As Peng et al. (2008) stated, cross-functional product development is a subject that has
already matured in the literature. Nevertheless, it becomes clear that the need to include the
service dimension due to the importance of the services sector in the economy is a fact which
represents an increasing and significant share of the countries’ national GDP.

A standard definition of services is the simultaneity between production and
consumption at the same time lapse. It leads to specific characteristics, such as perishability,
where the service must be consumed at the moment it is produced, and intangibility, through
which other aspects of the value proposal may be included, such as courtesy, convenience, etc.
(Haksever et al., 2000). Hakserver et al. (2000) also state that products and services are not

entirely distinct, being parts of the same element.
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Therefore, it is essential to notice the movement of manufacturing firms toward
increasing the offer and sale of services in their businesses and make this a strategic objective
(Oliva & Kallenberg, 2003). The term “servitization” was suggested by Vandermerwe and
Rada (1988) to describe this phenomenon, where firms add value to their core corporate
offerings through services, usually through “bundles” of customer-focussed combinations of
goods, services, support, self-service, and knowledge. The movement occurs in almost all
industries, being customer demand-driven and sharpening their competitive edges.

The main economic drivers of Servitization are the increase in revenues generated from
the installed base of products along the life cycle and higher margins than a product (Anderson
etal., 1997).

Furthermore, as service is more intensive in work and the relationship with customers,
and therefore, more difficult to be copied, services become a source of sustainable competitive
advantage over other companies (Heskett et al., 1997). In this regard, integrated product-service
offerings can help firms differentiate and provide a robust market defence to competition,
particularly in the manufacturing sectors with a high installed product base (Wise and
Baumgartner, 1999).

Therefore, competing strategically through service provision became a relevant feature

of innovative manufacturing firms (Spring and Araujo, 2009).

¢) Process and Equipment development routine

The Process and Equipment development routine is a critical activity that helps firms to
achieve competitive advantage through better efficiency, reliability, flexibility and lower costs.
Therefore, this routine was kept as proposed by (Peng et al., 2008) but can take advantage of

the routines that acquired technology or knowledge, such as the Open Innovation routine.

d) Open Innovation routine.

The concept of Open Innovation was first proposed in 2003 (H. W. Chesbrough, 2003b),
having as the fundamental assumption that knowledge for innovation is widely distributed in
the economy (Hayek, 1945). Hayek developed the concept of “knowledge of particular
circumstances of time and place”, referring to a particular division of knowledge in society,
where knowledge never exists in concentrated or integrated form but as dispersed bits of
incomplete and frequently contradictory knowledge which all the separate individuals have. In

line with this concept, more recently, the principle of Joy's law appeared, which is attributed to
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Sun Microsystems co-founder Bill Joy, stating that "no matter who you are, most of the smartest
people work for someone else”’(Lakhani & Panetta, 2007). It highlights the challenge of finding
ways to access relevant knowledge spread outside the organization's frontiers.

Open innovation represents a shift related from the traditional paradigm of “closed
innovation”, which is based on some assumptions such as that successful innovation requires
control (H. Chesbrough, 2004), the notion that the only good idea comes from within, and “if
you want something done right, you have got do it yourself” (H. W. Chesbrough, 2003a).
Therefore, the traditional paradigm incorporates the need for vertical integration, where each
firm must generate its own ideas and then develop, distribute, and support them. Chesbrough
(2003c¢) also argues that because firms are too focused internally, many opportunities may be
wasted due firm’s current business or will need to be combined with external technologies to
unlock their potential.

Besides, the pace of technological change and competition turns challenging for firms
to keep and develop capabilities in all technical and market areas (Lawson & Samson, 2001),
so in a broader perspective, networks and alliances of customers, suppliers, competitors, and
other organizations can be a key source of Innovation (Von Hippel, 1988). They can provide
widening access to resources such as information, capital, goods, and services, which
potentially help to maintain and leverage the competitive advantage (Gulati et al., 2000). A firm
with a superior network, capable of building ways to structural holes, has a better position to
exploit its internal capabilities and enhance Innovation (Zaheer & Bell, 2005).

Therefore in the opposite concept to Closed Innovation, Open Innovation assumes that
firms can and should use external ideas as well as internal ideas as they look to advance their
innovations, providing insights into how firms can manage inflows and outflows of knowledge
to improve their innovation achievements (H. Chesbrough, 2004). The concept that the search
for ideas outside the organization can result in opportunities for innovation is also shared by
Laursen & Salter (2006) and Ferreras-Méndez et al. (2015), while the desired degree of use of
external partners in innovation activities determines the degree of open search to be carried out
(Ferreras-Méndez et al., 2015; Laursen & Salter, 2006).

The acquisition of ideas from external sources can help the development of radical
Innovation (Shi and Zhang, 2018) and turn the organization more flexible to adapt to the
changes in the environment (Zang et al., 2014; Shi and Zhang, 2018). It can also help achieve
innovative problem-solving solutions while developing new products and processes by using

new ideas from different knowledge bases (Chiang and Hung, 2010; Shi and Zhang, 2018).
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The concept of Open Innovation is not just about product development but also service
development, requiring more sharing of previously internal tools, resources, and processes to
outsiders, allowing to leverage internal sources of value beyond the usual market but in multiple
markets (H. Chesbrough, 2014).

Open Innovation was defined as “a distributed innovation process based on purposively
managed knowledge flows across organizational boundaries” (Chesbrough and Bogers, 2014).
More recently, Chesbrough and Bogers (2019) redefined Open Innovation as “a distributed
innovation process based on purposively managed knowledge flows across organizational
boundaries, using pecuniary and non-pecuniary mechanisms in line with the organization’s
business model”.

Open innovation has gained increasing importance due to factors such as the increased
mobility of workers, more capable universities, growing access of start-ups firms to venture
capital, advances in information and communication technologies, and the emergence of new
technologies such as the Internet and social media (Bogers et al., 2018).

The emergence of new and disruptive technologies leads to increase uncertainty in the
business environment, allowing the Open Innovation concept to a paradigm shift where
innovation is no longer a linear process but one where the customer feedback to the producer
what innovation is needed. Thus, creating an ecosystem where people, organizations, and
sectors can co-create solutions (Bogers et al., 2018), transcending the organizational boundaries
within that innovation ecosystem, can solve the need for quicker and more efficient solutions

answers in the fast and changing competitive environment.

e) Organizational redesign routine.

It was identified the need for a constant organizational analysis to identify if the current
organizational structure is the most appropriate at each moment to face the demands of
competitive and regulatory environments. These demands are particularly true when related to
radical Innovations, where discontinuities emerge triggered by changes in regulations, new
technologies, increasing competition, or significant changes in economic and political
conditions.

A firm's ability to compete over time depends on its ability to integrate and build upon
its current competencies while simultaneously developing fundamentally new capabilities
(Teece et al., 1997b). While exploration activities are focused on search, variation,

experimentation, play, discovery and Innovation, leading to firms incur in risk-taking and
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experimentation costs without guarantee of benefits, usually in the long-run perspective, on the
other hand, exploitation activities are focused on refinement, choice, production, efficiency,
implementation, and execution (March, 1991).

Therefore, the need for balancing between exploitation and exploration, or between
incremental and radical organizational change at the same time usually leads firms to manage
the emergence of trade-offs. As both activities are essential to firm survival, but having an
opposing nature, competing for the allocation of the firm’s scarce resources, leads firms to take
decisions considering the strategies and benefits over time (March, 1991). The firms trade-off
short-term productivity for long-term innovation by developing the search for new knowledge
instead of leverage currently knowledge to achieve immediate gains (March, 1991). Conversely,
by focusing and allocating resources to refinement and improvement of current knowledge and
technologies instead of developing new skills and capabilities, the firm achieves results in the
short term but risking them to be trapped in suboptimal performance in the long run (March,
1991). As Lavie et al. (2010) state, the tension between exploration and exploitation is similar
to the problem of deciding if the present should be prioritized over the future and vice versa.

To manage these trade-offs, organizations face two perspectives: The first perspective
argues that trade-offs are better solved through structural separation, such as new business
development in separate units (Drucker, 1985). Such a structure separation guarantees that the
organizational unit is better configured for the assigned tasks.

A second perspective is related to the concept of organizational ambidexterity suggested
by Tushman and O’Reilly(1996) and is defined as the “ability to simultaneously pursue both
incremental and discontinuous innovation and change.” According to this model, there is a
specific organizational structure responsible for the usual business (exploitative business),
focusing on efficiency and incremental innovation. At the same time, another organizational
structure is responsible for the exploratory business, focusing on radical innovation, discovery,
experimentation, new product development, and risk-taking culture that encourages
experimentation.

Thus, ambidexterity is not simply achieving the same levels of exploration and

exploitation but maximizing both attainments (Simsek et al., 2009).
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5.2 — Multi-level Framework proposal

Based on the research findings, a Multi-level framework of Innovation capability
development is proposed that incorporates the co-evolution theoretical perspective, following
the Theoretical propositions suggested and verified by this research.

This framework attempts to consider features of an industry suffering the impacts of

disruptive technology while being significantly regulated by national governments.

Figure 45 — Proposal of a multi-level framework for Innovation capability development

incorporating the co-evolution perspective.
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In the framework proposed, the Institutional environment level is divided into three
levels: the world, where can exist organisms like the United Nations, which coordinates
actions with a global reach; the Economic and Political Unions (like the European Union);
and the national governments.

Thus, once a new commitment is set at the world level, they are deployed into the
Economic and Political Unions and then to national governments in the form of policies and
regulations. These policies and regulations can contain some specific kind of mechanism; for
example, in the case of the Electricity utility industry, the stimulus of the use of RSE through

promoting Supporting strategies.
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At the firm level, it should evaluate how to deal with the new business scenario
resulting from the need to accomplish the new regulation. The new regulation can affect the
firm’s Strategy or directly trigger a change in the firm's Innovation capability. The decision-
making process is often path-dependent and considers if the firm already has the knowledge,
skills, or capabilities to develop the Innovation capability as required.

Supposing the firm decides to take advantage of the business opportunity created by
the new regulation, the firm can develop a solution internally or, if there is a lack of part of
the required technology, knowledge, or capabilities, the firm may search for external support
and collaboration, such as: developing partnerships with Universities and Research centres,
developing Alliances with partner firms to develop products and solutions, or using Open
Innovation activities to develop start-ups. The firm can also proceed with acquiring a firm that
already holds the desired technology or capability.

Important to highlight that Innovation capability development can further affect the
firm’s Strategy, in a co-evolutionary process.

Conversely, the firm also may contact competitors’ firms to conjointly attempt to exert
influence on the new regulation set (or change the “rules of the game” (Bovaird, 2008)) to get
modifications that benefit the incumbents.

The outcomes of the Innovation capability development (new products, services, and
processes) provide feedback to the Institutional environment level, leading to the adjustment

of the policies and regulations used in a continuous learning process.
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6 — CONCLUSIONS AND LIMITATIONS

This study aims to explore how the process of Innovation capability (Peng et al., 2008)
develops and evolves due to changes in the Legal framework. It used the co-evolution theory
(Lewin et al., 1999; Lewin and Volberda, 1999) to shed light on how organizations and
Institutional environments co-evolve from a multilevel perspective. The object of study chosen
are firms in the Electricity utility industry because it is experiencing the impacts of the
emergence of new technologies, such as the RSE, and is highly dependent on the environment
regulated by the national governments.

The literature review carried out in the co-evolution and Innovation capabilities fields
led to the proposition: “The interplay between Energy Legal Framework (regulations and
policies) and Innovation capability development of the firm co-evolve along time, following
the properties of co-evolution theory (multi-levelness and embeddedness, multi-directional
causalities, non-linearity, positive feedback, path and history dependence).”

To answer the research question, the study developed a comparative study among two
countries, Brazil and France, to capture the differences in the national Institutional
environments that may influence the development of Innovation capabilities. The
methodological approach used was the multiple case study that is considered appropriate to
understand how new phenomena, not yet completely known, occur and why they do so (Barratt
et al., 2011). A historical data analysis was adopted to identify historical patterns of
organization adaptations that emerge gradually over time, considering the period between 2005
and 2021.

Therefore, this research presents theoretical, managerial and policy contributions.

The first theoretical contribution is that the findings verified the Theoretical proposition
(The interplay between Energy Legal Framework (regulations and policies) and the firm's
Innovation capability development co-evolve over time, following the properties of co-
evolution theory (multi-levelness and embeddedness, multi-directional causalities, non-
linearity, positive feedback, path, and history dependence)). The following co-evolution
properties were identified that support this conclusion:

Multilevelness/Embeddedness property - In both case studies, changes in National
regulations led to changes in the firm’s Innovation capability, directly or indirectly. In Beta
Energia case study, changes in National regulations triggered changes in the firm’s strategy,

which posteriorly led to changes in the firm's Innovation capability.
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Multidirectional Causalities —. The Innovation capability development led to the
establishment of collaboration agreements with universities and research centres, and the
setting of Alliances with external firms. In both cases, firms increased their opening to
external innovation by creating an independent firm focused on supporting start-ups in radical
innovation initiatives.

Nonlinearity —An intense process of firms’ acquisitions was carried out in both case studies.
The firms acquired were related to Energy Services, Distributed Solar energy generation, and
public illumination.

Positive Feedback - In both cases, it was identified that the firms executed actions to influence
the National regulations, alone or in association with other firms of the sector. Besides, it was
identified that national governments developed means to ask for feedback from the firms in the
industry before issuing a new regulation.

Path and History Dependence — In both cases, it was identified that previous decisions
influenced the firm's Innovation capability. It can be highlighted the identification of the firm’s
commitment to the centralized energy generation business model seems to have influenced the
decision to operate in the DG business.

The findings also demonstrated that Innovation capability development is influenced by
the increase in the firm’s scope of business and that, in highly regulated industries by national
governments, the Innovation capability development of different firms converges into the same
initiatives when under global governance.

Furthermore, the research identified that both firms developed routines in addition to
those proposed by Peng et al.(2008), such as the use of Open Innovation, and Acquisitions and
Alliances. The firms developed innovation initiatives related to services in addition to product
development. It was also identified as a routine the permanent evaluation of the Organization
design, considering the need to achieve Organizational Ambidexterity. Therefore, by
incorporating new routines into the Innovation capability concept, we expanded and updated
the limitation of Peng et al. (2008)'s study.

Besides, a multi-level framework aligned with the co-evolution theory is proposed,
highlighting the Institutional Environmental level influence on a firm’s Innovation capability
and how they co-evolve. This framework attempts to consider features of an industry suffering
the impacts of disruptive technology while being significantly influenced and regulated by

national governments.
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Among the managerial implications of the research, the updated Innovation capability
concept and the multi-level framework proposed can provide managers with a more complete
perspective of the complexity of Innovation capability development. It addresses the need to
look for new knowledge, technologies, and capabilities relevant to Innovation, by incorporating
routines that handle the creation of Alliances, partnerships, Open Innovation, and the
assessment of the Organization's design.

Among the policy implications, this study provides a multi-level framework that can
help policymakers better understand the effects triggered by the issue of a new regulation. In
this regard, this research can contribute to address the increased importance of research policy
in the SCM field, once governments and policymakers are making laws and implementing
policies with little knowledge or experience in logistics and supply chain management, with a
likelihood of generating unintended consequences (Richey & Davis-Sramek, 2022).

Among the research limitations can be cited that the study’s scope considered just
initiatives and projects related to the concept of radical innovation, or Exploration, as suggested
by Benner & Tushman (2003). Therefore, those initiatives identified with the concept of
Incremental Innovation, or Exploitation (Benner & Tushman, 2003), are out of the scope of this
research. Another limitation is that the research did not address how changes affect the
population of organizations, limiting the scope to the interplay between the firm level and
Institutional environmental levels.

Because of restrictions imposed by the COVID pandemic and the strategic importance
to the national security in the EU of themes related to Energy, in particular, the Electricity utility
industry, conducting interviews with Alpha executives was not possible, which constitutes one
limitation of this study. Therefore, it is suggested for future studies carry out interviews with
key members of the Electricity utility industry association (such as the Union of the French
Electricity Industry (UFE)) and with key members of the French Energy Regulatory
Commission (Comission de Régulation de L’énergie - CRE).

It 1s also suggested for future studies is the use of the framework proposed in firms
situated in highly regulated industries that are also experiencing the effects of new technologies,

such as the telecommunications and automotive industries.
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APPENDIX 1 - RESEARCH PROTOCOL

1. Purpose of the research
Explore how occur the process of innovation capabilities development through the co-

evolution theory lens, considering the impacts of different national institutional environments

2. Research question
How changes in the Institutional environment may influence the Innovation capabilities

development of firms?

3. Case selection:
a) Relevant Electricity utility firm in France;

b) Relevant Electricity utility firm in Brazil;

4. Data gathering

3.1 — Documents analysis method was applied. Firm’s reports were analysed considering a
time frame of 16 years (2005 to 2021);

3.2 — In Beta Energia case study, interviews were carried out. Interviews were recorded and
transcribed. Anonymity were provided to ensure interview confidentiality:

a. Selected Executives related to the Innovation activity in the firm.

b.Information about the research was provided to each interviewer before starting the
interview.

c. Consent form was signed by each interviewer.

d. Interviews were recorded.

d. Each interview was transcribed.

e. Transcriptions were uploaded to Atlas TI software version 22 to encode and allow the data
analysis;

f. Analysis of each interview transcribed was performed.

g. Triangulation of data from interviews was execeuted, with the data from firms' reports and

with secondary data sources.

5. Data analysis:

a. Define search codes based on the literature review;
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b. Analyze codes according to search goals.

c. Cross case analysis making links to the theory.

6. Dissemination of results
Aiming to receive Feedback and validation, the main findings of the research should be

presented to those Executives of the Case study Brazil, who attended the interview invitation.
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APPENDIX 2 — INTERVIEW INVITATION

INVITATION TO PARTICIPATE IN ACADEMIC RESEARCH
"How do firms develop Innovation capabilities: a cross national study using the co-
evolution theory"
Dear Sir / Madam,

First of all, we appreciate the opportunity to get in touch and the time you took. The purpose
of this correspondence is to invite you to participate in academic research conducted by the
Doctoral student at Getulio Vargas Foundation (FGV), in Sao Paulo (Brazil), and coordinated
by professor Susana Carla Farias Pereira (FGV/Brazil).

Roémulo will explore how the process of Innovation Capabilities development occurs. It will
use the co-evolution theory, with the purpose to shed light on how organizations, industries,
and Institutional environments co-evolve, leading to a better understanding of the role of
internal and external mechanisms that influence and lead to the Innovation capabilities
development process over time, from a multilevel perspective.

The interviews should take place in December 2021, lasting between 60 and 90 minutes.
Due to the impossibility of performing them in person, due to social distancing rules, contact
will be made by videoconference through Skype or another similar platform.

Your answers will be completely confidential, and your identity and personal data will be
kept confidential. The publication of the results of the analyses will be exclusively for academic
purposes.

As a form of contribution, we will return to all interested participants the analysis of the
results and main conclusions.

Thanks in advance for your participation in this effort.

Sincerely

Réomulo Rebelo, Ph.D. Candidate | romulomlardosa@hotmail.com | (+44) 7437-
034844

Escola de Administracdo de Empresas de S&o Paulo - FGV EAESP

Rua ltapeva, 474, 8° andar, Bela Vista, CEP 01332-000, Sado Paulo/SP
www.fgv.br/eaesp
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APPENDIX 3 - INTERVIEW CONSENT FORM
FREE AND INFORMED CONSENT FORM

Dear Sir / Madam,

You are being invited to participate, as a volunteer, in the research entitled “How companies
develop Innovation capabilities: a crossnational study using the theory of co-evolution”
conducted by the doctoral student Romulo Marcos Lardosa Rebelo. This study aims to
understand and analyze how the development of innovation capabilities of companies occurs
due to changes in the institutional environment.

You were selected due to your proximity to the object being studied in the organization to
which you belong. Your participation is not mandatory. At any time, you can opt out of
participating and withdraw your consent. Your refusal, waiver, or withdrawal of consent will
not result in damage. Your participation will not involve any risks or expenses.

Your participation in this research will consist of answering an interview about the routines
linked to the development of Innovation, in your work unit, with the responsible researcher.
Due to the impossibility of performing them in person, due to social distance rules, contact will
be made by videoconference (through Skype or Zoom). The interviews should take place in
December 2021, with an estimated duration of between 60 and 90 minutes. Preferably, with
consent, the interview will be recorded in order to allow transcription for further analysis.

The data obtained through this research will be confidential and will not be disclosed on an
individual level, in order to ensure the confidentiality of your participation. The publication of
the results of the analyzes will be exclusively for academic purposes. It will possibly occur in
academic journals qualified in the area of Operations Management and Sustainability or
Innovation, which are the lines of research to which this study is related. The responsible
researcher and others involved in the research undertake to make public in academic and
scientific circles the results obtained in a consolidated manner without any identification of
participating individuals.

Individual data will be kept confidential, and the analyzed information will be used jointly.
The answers will be completely confidential, and the identities and personal data will be kept
confidential and will not be used for any purpose. To ensure privacy, the data obtained will be
anonymized using letters or numbers to identify relevant quotes from respondents.

If you agree to participate in this research, sign at the end of this document, which has two

copies, one of which is yours and the other of the responsible researcher/research coordinator.
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Below are the telephone numbers and the institutional address of the responsible researcher and
the CCE/FGV, where you can answer your questions about the project and your participation

in it, now or at any time.

e Responsible researcher: Romulo Marcos Lardosa Rebelo, PhD Candidate, programa de p6s-
graduacao em administracao da Escola de Administracao de Empresas de Sao Paulo (FGV
— EAESP) — Rua Itapeva, 474, 8° andar, Bela Vista, CEP 01332-000, Sao Paulo/SP, Phone
number: (44) 7437-034844. E-mail: romulomlardosa@hotmail.com.

« Ethical Compliance Committee (CCE): Comité de Conformidade Etica em Pesquisa
Envolvendo Seres Humanos da Fundagao Getulio Vargas — CCE/FGV: Praia de Botafogo,
190, sala 536, Botafogo, Rio de Janeiro, RJ, CEP 22250-900, Phone number (55 21) 3799-
6216. E-mail: etica.pesquisa@fgv.br.

I declare that I understand the objectives, risks, and benefits of my participation in the
research, and that I agree to participate.

Respondent name:
() I'authorize my interview to be recorded for later transcription, analysis, and codification by
the researcher. No personal information or links to the person interviewed will be disclosed.
The recording has the sole purpose of increasing the quality of the study.

() I do not authorize my interview to be recorded.

, de de

Respondent's Signature:

Researcher’s Signature:




226

APPENDIX 4 - QUESTIONNAIRE PROTOCOL
INTERVIEW PROTOCOL
Ll lsd Questions/Instruction Objective
concept
Presentation | - My name is ... - Personal
presentation;
- This study aims to identify how changes in the | - Explanation of the
institutional environment influence the | study.
development of the Innovation capability.
Recording - Do you authorize this conversation to be |- Explain the
permission recorded, with the guarantee that the audio will not | protocol and terms
be disclosed and will only be used to facilitate | of confidentiality;
information analysis? - Sign the protocol.
Warm-up - Tell me a little about your career, training and | - Know a little more
professional experience. about the
interviewee so that
- What is your department in the company? What | he feels more
is your current function/description of your work? | comfortable;
- What is the role of your department in relation to | - Know the function
the organization? of the interviewee
in the organization.
General - Please talk about the competitive environment | Approaching  on
questions on | and main competitors of the company; the subject
Innovation
- How does the company develop innovation? You
could give examples
Innovation
capabilities | 1.a - What are the main changes in the legal

1 - Search for
new
Technologies

framework? How does the company follow and
follow the changes in the National Legal
framework?

1.b - Describe how the changes in the legal
framework are analyzed (identified in Steps 1.a),
regarding the impacts on the company and the
Electricity utility industry in general, considering the
short and long term.

1.c - Describe how the firm evaluates whether it
has enough technology and know-how to face the
challenges identified in the stage (1.a - Changes in
the legal framework).

1.d - Based on the results of the step (1.c - the
company has technology or can deal with the
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identified challenges), describe how the decision
process is analyzed.

1.e - The company seeks, when necessary,
support and help from institutions outside the
company's borders (such as universities,
benchmarks groups, etc.) to monitor and collect
information on changes in the National Legal
framework ?

1.f - Based on the step 1.c results, describe how
the company develops initiatives, individually or
with other companies, to influence and modify the
rules of the Legal Framework (Legal Framework).

1.9 - Based on Step 1.c, describe how the
company develops initiatives to influence
competitors to establish standards or rules of
competition according to its interests.

1.h - Based on Step 1.c , describe how the
company decide to develop internally or search for
external support (universities, join-ventures) to
develop or gain access to the technology required.

1.i — Describe how the company allocates efforts
and resources for the development of new
technologies through research and development
initiatives  (R&D). Describe examples of
technologies developed internally by the firm.

1.j - Describe examples of technologies developed
with external support (universities, joint-ventures).
Describe examples of technologies developed with
external support.

1.k - Describe how the selection of R&D initiatives
is influenced by changes in the legal framework.

1.1 - Describe changes in organizational structure
related to the R&D (Research and Development)
activity.

Cross
functional
Product
development
routine

2.a - Describe how the company develops new
products and services.

2.b - Describe how the selection of product
development initiatives are influenced by changes
in the National Legal framework.
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2.c - Describe how the company decide to develop
internally or search for external support
(universities, join-ventures) to develop new
products .

2.d - Describe how the company allocates efforts
and resources for the Product development.
Describe examples of products developed
internally by the firm.

2.e - Describe how the company establishes
relationships and connections with external entities
(universities, joint-ventures) to developnew
products. Describe examples of products
developed with external support

2.f - Describe changes in organizational structure
related to the product development routine?

Process
development
and
equipment
routine

3.a - Describe how the company develops new
processes and equipment.

3.b - Describe how the selection of process and
equipment development initiatives are influenced
by changes in the National legal framework.

3.c - Describe how the company decide to develop
internally or search for external support
(universities, join-ventures) to develop new
process and equipment.

3.d - Describe how the company allocates efforts
and resources for the Process and equipment
development. Describe examples of process
developed internally by the firm.

3.e - Describe how the company establishes
relationships and connections with external entities
(universities, joint-ventures) to develop new
process and equipment. Describe examples of
process and equipment developed with external
support.

3.f - Describe changes in organizational structure
related to the process development routine?




APPENDIX 5 — Alpha case study - main regulations identified (1992-2006).

Conference ("Earth
Summit'). Main outcomes:

- The Agenda 21, where
sustainable development
practices and techniques were
proposed for use by national
governments, states, and cities;
- The Rio declaration and Its 27
universal principles, the United
Nations Framework
Convention on Climate Change

Year / .
Level World European Union (EU) France
1992 |ECO Rio United Nations

1993

European Union (EU) creation.

1996

Directive 96/92/EC - Set common
rules for the domestic electricity
market. Opened up the market to
competition, aiming to break the
monopoly of verticalized firms
through legal separation of firm in
each activity of the electricity value
chain. To be fully implemented in
Europe in July, Ist, 2007.

1997

UFCCC Kyoto protocol

2000

Electricity Law 2000 - transposed EU Directive
96/92/EC, so that:

- industrials consuming more than 16 GWh per year
were allowed to choose their supplier;

- grids were no longer directly operated by EDF but
by the entity in charge of the Electricity
Transmission Network; and

- an independent regulator was created.

The Energy Law 2000 also addressed the obligatory
purchase of electricity from renewable sources and
cogeneration at fixed feed-in tariffs. The law
regulates the free access of independent energy
producers to the grid and lays the foundation for
higher feed-in tariffs for electricity production from
renewables and a new tender scheme for renewable
energy production capacity.

2003

Directive of June 26, 2003 - sets
out a timetable for progressive
opening up the electricity market to
competition (until 2007)

Articles L. 229-5 and R.229-5 et seq of the
French Environment Code - greenhouse gas
(“GHG”) emission .

Directive 2003/87/EC - established
a European scheme for greenhouse
gas (“GHG”) emission allowance
trading, using the project
mechanisms set forth in the Kyoto
Protocol.

2004

Directive 2004/101/EC - The
““Emission Credits’” directive.

Law — August, 9th, 2004 — Established that Public
transmission must be different firm from generation

or supply.

Law Decree n 2004-330 of April 15, 2004 -
Created a greenhouse gas emission quota exchange
system.

French Decree n 2004-832 of August 19, 2004
relating to the greenhouse gas emission quota
exchange system.

National Quota Allocation Plan’’ (Plan National
d’Allocation des Quotas, or ‘‘PNAQ”’) for the

period from 2005 to 2007.

229
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APPENDIX 5 — Alpha case study- main regulations identified (1990-2006) (cont.).

Year /
Level

World

European Union (EU)

France

2005

French Decree n 2005-190 - Established the
requierement of developem a PNAQ allocating
greenhouse gas emission quotas for relevante
companies.

Renewable Energy Feed-in Tariffs - Feed-in
tariffs were introduced on July 10th, 2005 for the
period of 15 to 20 years depending on the

Tax credit for energy transition.

PREBAT building research programme - It is a
fund research aimed to carry out modernisation of
existing buildings and building new ones according
to sustainable requirements.

OSEO Innovation for Small and Medium
Entertprises - support innovation (R&D) through
grants and loans.

Law LPOPE (Loi de Programme fixant les
Orientations de la Politique Energétique) — Defined
energy policy guidelines.

2006

Law No. 2006-1537 - Provides that all end
consumers must be able to choose their supplier by

July 7%, 2007.

‘White Certificate Scheme & Obligation -
Suppliers of energy must meet government-
mandated targets for energy savings achieved
through the suppliers residential and tertiary
customers. Suppliers are free to select the actions to
meet their objectives, such as informing customers
how to reduce energy consumption, running
promotional programmes, providing incentives to
customers and so on. Those exceeding and
undercutting their objectives can trade energy
savings certificates as required for common
compliance. Energy suppliers who do not meet their
obligation over the period 2006-2008 must pay a
penalty of euro 0,02 per kWh.

Energy Performance Certificates - Established
that all new homes and buildings for sale must
undergo an energy performance evaluation, and
receive an energy performance certificate. The
certificate indicates both the level of energy
consumption and the greenhouse gas (GHG)
emission level. The diagnostic must be accompanied
with recommendations on improving the buildings
energy efficiency. The program was extended to
rentals and all new construction from 2007, and for
all public building from 2008.

Company Tax Exemption for Low-Carbon
Vehicles - The "Taxe sur les véhicules de société "
(TVS) tax is applicable to company-owned
passenger cars. It considered the CO2 Emissions
and the environmental impact, being much higher
for (older) diesel vehicles.

Source: IEA (2022).
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APPENDIX 6 — Alpha case study - main regulations identified (2007-2008).

Year /
Level

World

European Union (EU)

France

2007

Renewable Energy Feed-In Tariff: Hydropower (IV) - Under the Electricity
Law 2000, a feed-in tariff was introduced on March 1st, 2007 for hydropower
installations with contracts of 20 years.

Renewable Energy Feed-In Tariff: Solar PV -A feed-in tariff was
introduced on March 1st, 2007 for hydropower installations with contracts of
20 years. The tariff comprises 6.07 Eur cents/kWh, together with a bonus of
between 0.5 and 3.5 for small installations and a bonus of between 0 and 1.68
Eur cents/kWh in winter depending upon the regularity of production.

Goals 2020 establishment over
1990 CO2 emission levels -
20/20/20:

- Reduction of 20% in gas
emissions;

- Increase of 20% in the use of
Renewables;

- Increase of 20% energy-
efficiency

Preferential loans for energy saving measures - It was created a EUR 10
billion fund for the funding of domestic energy conservation projects (such as
energy efficient boilers; thermal insulation (walls, windows, shutters); thermal
regulation equipment; equipment producing energy from renewable sources;
space and water heating equipment using wood or other biomass; heat pumps)
with low-interest loans. Available from January 1st 2007.

In 2007, it was renamed LDD (Livret de Developpement Durable), and the loan
amount was increased from 4,600 Euros to 6,000 Euros per person

In 2008, banks must dedicate 2% of the funds to energy conservation loans,
rising to 5% in 2009 and 10% thereafter.

Le Grenelle de Lenvironnement -In July 2007, the French government
established six working groups to address ways to redefine Frances
environment policy. The proposed recommendations were then relased to
public consultation, leading to a set of recommendations released at the end of
October 2007.

The six working groups addressed climate change, biodiversity and natural
resources, health and the environment, production and consumption,
democracy and governance, and competitiveness and employment.

2008

Bonus-Malus: vehicle CO2 bonus and penalty system - Implemented an
incentive to purchase vehicles that emit the least CO2. On purchase, a bonus is
paid to people acquiring vehicles that emit less than 105g CO2/km (threshold
valid on January 1st 2013). Conversely, a purchase tax ("malus") applies to cars
that emit over 135g CO2/km (idem). The bonus ceiling for electric vehicles was
5,000 Euros.

Super bonus: Vehicle scrappage scheme - A EUR 300 bonus for scrapping a
vehicle over 15 years old is provided. From December 2008 to December 2009,
the bonus has been increased to EUR 1000 and expanded to vehicles over 10
years old. New cars purchased must still meet maximum emissions limit of 160
gCO2/km. The scheme is also expanded to light commercial vehicles, applying
when a new vehicle is purchased and an old one scrapped.

Source: IEA (2022).
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APPENDIX 7 — Alpha case study - main regulations identified in the period of 2009-2010.

Year/

Level World| European Union (EU) France
Approval of the Le Grenelle I, which set the following objectives and targets related
to climate change and energy:
- Buildings: low comsumption building norm for new buildings, reduce energy
. consumption in old buildings by 38% by 2020, complete 400,000 thermal

?Liezté‘;:;;zglgigce; _|renovations of buildings per year starting 2013, and launch a social housing

Directive related to Glg-I G |programme for energy efficiency renovation for 800,000 households;

emissions. RSE and - Transport: Reduce GHG emissions by 20% by 2020 and reduce the sector

Enerev E %ﬁcienc dependency on fossil fuels

EurogZan tar etsytlor 2020 | Put in place an eco-tax for heavy vehicles starting 2011;

are 23 20/2 Og( decrease of | Provide by 2020 EUR 2.5bn (USD3.1bn) of state investment for development of

as emissions. increase of urban public transport (2,000 km of high-speed rail by 2020 , in aviation transport,

inergy . fﬁci(;cny and reduce by 2020 fuel consumption/ passenger/km by 50% and reduce by 50% total

increase of RSE) fuel consumption);

By 2010, each Member - Energy: contribute to the goal of drastic GHG emissions reduction (target of 23% of

State should establisha | &Y X by 202.0); .

national action plan - From 2020, vehicles purchased by the State should not emit more than 130g

e . CO2/kg;
tail t Lo . . .
2009 ?r?ez;irrlegsatgp;lcl)g :/atlfem to Monitoring arrangements: a National Committee on Sustainable Development and the

achieve their targets, and a
roadmap for meeting their
objectives in relation to

Environment monitors the implementation of the measures adopted in the Grenelle
Laws and reports once a year to Parliament to suggest improvements.

renewable energy.

Following the "Climate Package", France targets are :
-14% reduction of GHG gas emissions;

-20% increase of renewables;

- 23% increase of energy-efficiency;

Directive 2009/72/EC - The independence of the transmission network managers
must be guaranteed.

Directive 2009/72/EC -
The independence of the

Renewable Energy Feed-In Tariff: Biomass - New feed-in tariffs for electricity
produced from biomass.

transmission network
managers must be
guaranteed.

Finance Law 2009: Sustainable energy provisions - Contains various provisions to
increase support of renewable energy. Some of the measures are:

- Eco-loan: 0% loan for energy-efficient renovation (Art. 99) The Law also creates a
zero-interest loan programme for major renovation activities.

- Biofuels - The Law also includes some provisions targeting biofuels.
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APPENDIX 7 — Alpha case study - main regulations identified (2009-2010) (cont.).

Year/
Level

World

European Union (EU)

France

2010

National commitment to the environment - Grenelle 2 - Is the law establishing
France "national commitment to the environment,"

1) Energy - supply-side policies:

- Better linkage of renewable energy to the main energy network

- Support and administrative facilitation for wind power

- Incentives for solar power

- Regulation of experimental carbon storage installations

2) Energy - demand-side policies:

- Carbon tax;

- Publication of regional programmes for climate and energy within a year of the law
entering into force;

- Improvement of energy saving certification schemes;

- Improvement of energy consumers' information on their level of consumption and
means of reduction;

- Improvement of buildings efficiency;

National Renewable Energy Action Plan (NREAP) - Under the EU Directive
2009/28/EC member countries of the European Union are obliged to draft and submit
to the European Commission National Renewable Action Plans (NREAPs) outlining
pathway which will allow them to meet their 2020 renewable energy, energy
efficiency and GHG cuts targets.

France 2020 renewable energy targets:

Overall target: 23% of share of energy generated from renewable sources in gross
final energy consumption;

- Heating and cooling: 33% of heat consumption met by renewable sources;

- Electricity: 27% of electricity demand met by electricity generated from renewable
energy sources;

- Transport: 10.5% of energy demand met by renewable energy sources.

Many incentive schemes were created encompassing better administrative procedures
to facilitate the deployment of renewable energies; Tax reliefs (VAT, Measures
improving energy efficiency and energy savings in buildings); Grants Financial aid to
research, development and deployment of renewable and energy efficiency
technologies, and Investments in railway infrastructure.

Every two years, each Member State has to submit a report in the promotion and use
of energy from renewable sources. These progress reports assesses the situation of
each member states regarding their national objectives.

Energy efficiency measures for fuel poverty alleviation - "Habiter mieux" is a
program of the ANAH (Agence national de I'habitat) which finance a set of
renovation interventions aiming at realising comprehensive thermal renovations of
homes of low-income households.

The maximum amount of funding for a recepient is between 7000 and 10000 euros
according to the income of the recipient.

- "Very low-income households" are entitled to: 50% of the renovation expenses up to
10000 euros and a premium of 10% of the total amount of renovation expenses up to
2000 euros

- "Low-income households" are entitled to: 35% of the renovation expenses up to
7000 euros and a premium of 10% of the total amount of renovation expenses up to
1600 euros.

Law No. 2010-1488 on the new organisation of the electricity market:
- created the Regulated Access to the Historical Nuclear Electricity (ARENH); and
- ended regulated tariffs for industrial consumers on 31 December 2015.

Source: IEA (2022).
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main regulations identified (2011-2014).

{‘::}l;l/ World European Union (EU) France
Offshore wind tendering mechanism - Two tenders have been
launched since 2011.
Renewable Energy Feed-In Tariff (FIT): Biomass - As of January,
2011 27th 2011, new feed-in tariffs for electricity produced from biomass is
in place.
Biomethane injection into the natural gas grid - Since 2011, a feed-
in-tariff is in place for biomethane injection into the natural gas grid.
Directive Energy efficiency
(2012/27/EU) -. This directive
set a common framework of
Doha |measures to enable EU to reach
Amendmen |its energy efficiency by 20 % by
2012 tto the |[2020. It set that EU countries
Kyoto |must draw up related plans
Protocol |every three years. It must be
transposed by Member States
before June, 5" 2014,
French Energy efficiency target - Under the Directive 2012/27/EU
France set an energy efficiency target involving a reduction of 17% of
its final energy consumption by 2020 compared to baseline levels (final
energy consumption of 131,4 Mtoe in 2020, and a primary energy
2013 consumption of 236.3 Mtoe in 2020).
Moreover, France has committed to complying with the terms of the
energy-climate package concluded in 2008 and to providing for an
improvement in energy efficiency by 20% in the EU by 2020.
Tax exemption for the use of public space - The French government
encouraged private operators to build and maintain Electric Vehicles
charging points by offering a tax exemption for the use of public space.
The law offered a tax exemption for any operators which build,
maintain, or operate public EV charging infrastructure as long as the
charging points are located in at least two regions.
National Energy Efficiency Action Plan (NEEAP) - Attending the
2020 - Energy Climate Directive 2012/27/EU which set that EU countries must draw up
Package (2030 targets):  |[SNeTgYy efficiency action plans every three years, the French goverment
2014 - 40% emissions; detailed efficiency measures by sector. France has set itself the dual

- 27% renewables;
- 27% improvement in energy
savings;

target of reducing its energy consumption to 131.4 Mtoe (million or
mega tonnes of oil equivalent) of final energy and 219.9 Mtoe of
primary energy by 2020 (excluding non-energy uses and international

Mandatory energy audits - The law of July, 16"2013 (article 40) is
the French transposition of the directive 2012/27/EU (Energy
efficiency) which stipulated an energy audit be conducted for large

o c

Investment for the future - infrastructure - As part of the
“Investment for the Future” program, ADEME supports electromobility
through a fund dedicated to local authorities willing to deploy charging
infrastructure for Plug-in vehicles.

Source:

IEA (2022).
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APPENDIX 9 — Alpha case study - main regulations identified (2015-2021).

Year /
Level

World

European
Union

France

2015

cop
21 -
Paris

Tax credit - A 30 % tax credit has been introduced for the installation of recharging points
for electric cars by private individuals.

Law on Energy Transition for Green Growth (LTECYV) - It sets the following targets:

- GHG Emissions: -40% between 1990 and 2030 and -75% between 1990 and 2050;

- Final energy consumption: -50% by 2050 for 2012, with an intermediate target of -20% in
2030

- Fossil fuels energy consumption: -30% in 2030 with respect to 2012

- Renewable energy: target of 23% of gross final energy consumption in 2020 and 32% in
2030,

EV Charging Infrastructure Target 2030 - As part of LTECV, the French Government has
set the target of 7 million public and private charging points for electric vehicles by 2030,
with intermidiate targets of 50,000 by end 2020 and 100,000 by end 2022 (baseline
Sept/2019- 28,000 charging stations ). By way of comparison, in 2019 France had just over

11 Ann

Demonstration Fund "Vehicle and Transport of the Future' - This Framework
Agreement aims to promote the development of innovative, sustainable technologies,
infrastructure solutions, and organizations in the road and maritime transport fields. The
objectives are developing sustainable mobility technologies and use, generating significant
reductions in energy consumption and GHG emissions, and safety and security improvements.
Pillar 1 of the fund is dedicated to technologies and services for passenger or commercial road
transport, pillar 2 to rail transport, and pillar 3 to maritime and fluvial transport.

2016

Support scheme for electricity produced from RSE - Consists of a new feed-in-premium
support scheme available to installations which capacity is larger than 500 kW.

EV Infrastructure Charging Program (ADVENIR) - it aims to finance private charging
infrastructure in company car parks and in apartment buildings. The ADVENIR program
aims to install 13,700 new charging points, including 3,000 installed on public roads.

Central and Local Government Fleet Renewal Mandates - In line with the LTECV, 50%
of government fleet renewals need to be battery electric vehicles (BEV) or plug-in hybrid
electric vehicles (PHEV). Local authorities are subject to the requirement of purchasing at
least 20 % of low-carbon light-duty vehicles (under 3.5 tons) when they renew or expand their
fleet, expanded to 31% in 2019. In addition, a subsidy of € 2,160 per charging point is offered
to local authorities.

2017

Company Car Tax Benefits for EV and Hybrid Vehicles - It set that Electric vehicles are
fully exempt from the company vehicle tax (TVS). This exemption only applies to vehicles
emitting less than 60g/km of CO2.
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APPENDIX 9 — Alpha case study - main regulations identified (2015-2021) (cont.).

‘I{Jeei"le‘:l/ World Europ(e]iz:llr})Umon France
Directive France’s multi-year energy plan (PPE) - It is a roadmap for 2019-2023 and 2024-2028 to
2009/28/EC, meet the targets set by COP-21 Paris and achieve carbon neutrality by 2050. The main
(Revision) - Set rules |focuses of PPE are:
for the EU to achieve |1) Reducing Energy Consumption: target a 50% reduction in final energy consumption in
the new target of 32%|2050, with intermediate targets of 7% reduction by 2023 and 14% reduction by 2028. It also
in increasing of use of|set two priority sectors (transportation and housing) that will be addressed by promoting new
2018 renewables by 2030 |forms of mobility (car pooling, public transportation), electric vehicles, and renovation of 2.5
(the previous target  |million homes by 2028.
was 27%). 2) Eliminating Fossil Fuels - Set the target to achieve 100% carbon-free energy production
Energy Efficiency |and consumption by 2050 (current is 75%) with intermediate objectives of 20% reduction by
Directive (Revision) 12023 and a 35% reduction by 2028. It defined the shutdown of France’s last four coal-fired
revised with the new |power plants by 2022. The main sectors chosen are mobility and housing, that will be
2030 targets: 32% in |addressed by an increase of the “carbon tax” (price per metric ton of carbon dioxide (co2)).
increasing Energy 3) Developing RSE - Aims to promote wind energy (Onshore wind farm output will triple by
Efficiency and 55% in|2030) and Photovoltaic solar power generation (target to multiply by five due to land-based
reducing GHG and floating solar farms and large-scale rooftop solutions).
emissions (previous |4) Not Giving Up on Nuclear - It aims to reduce nuclear to 50% of the power generation mix
targets were 27% and |by 20335, leading to decommissioning of 14 reactors;
40%, respectively).  |5) Developing Renewable Heat — It set 40% (low) to 60% (high) targets for the increase in
renewable heat production by 2028 from 2016 levels.
Framework Law on Mobility - It aims to transform the overarching framework of transport
Clean Energy  |;,]icy towards more accessible, affordable, and cleaner transport modes. One of the three
Package - Aims to pillars sets the goal of road transport carbon neutrality by 2050. This goal has two
decarbonise EU’S i ermediate goals: 37.5% CO2 emissions reductions by 2030 and the ban on the sale of
2019 energy System. | fossil fuel cars by 2040. It also addresses to Increase the public charging points by five in
EU countries have 1- 15025 and includes a plan to turn carpooling into a viable solution.
2 years to convert the
new directives into |Law no. 2019-1147 on Energy and the climate - Set the France's framework on climate and
national law. energy matters highlighting the objective of carbon neutrality for 2050 .
European Green
Deal - Set a goal of
2020 no GHG emission by
2050 (carbon
Recovery and resilience plan / Green energies and techologies/ R&D and innovation
As part of its Recovery and Resilience plan, the French government plans to allocate EUR 3.4
2021 billion to support research for the development of green technologies, including hydrogen

(confirmed and reinforced in latter decisions), recycling, reincorporation of recycled materials,
and biofuels.

Source: IEA (2022).
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APPENDIX 10 — Beta Energia case study - main regulations identified (1998-2006).

Year /
Level

World

Brazil

1992

ECO Rio United Nations Conference (""Earth
Summit"). Main outcomes:

- The Agenda 21, where sustainable
development practices and techniques were
proposed for use by national governments,
states, and cities;

- The Rio declaration and Its 27 universal
principles, the United Nations Framework
Convention on Climate Change (UNFCCC),
- The Convention on Biological Diversity
and the Declaration on the principles of
forest management

1993

Decree 915/93 - Authorization for formation of consortia for electricity
generation.

1995

Law 8.987 - Concessions Law - Public Service concession approval.

Law 9.074 - Approval Public service concession.

First Brazilian Electric Utility firm privatized (Excelsa).

1997

Kyoto protocol

Energy Efficiency Program in Public Buildings - PROCEL EPP
This Programme aims at reducing electricity consumption in buildings at
the federal, state, and municipal levels. Conservation is promoted by
disseminating efficient technologies in areas including lighting and HVAC
systems.

1998

Law 9.648 - Creation of the Electricity Wholesale Energy Market,
which established the attribution of freedom of contract to free
consumers, whose demand must be greater than 3SMW.

2000

Law 9,991 - Energy efficiency obligation

The law set that Electric energy distribution concessionaires and
permissionaires are required to invest annually at least 0.75% of their Net
Operating Revenue in research and development in the electricity sector
and 0.25% in Energy Efficiency Programme (EEP).

The generation concessionaires, those authorized for the independent
production of electricity and the transmission concessionaires were
obliged to invest, annually, at least 1% of their net operating revenue in
research and development of the electrical sector. For exemption, were
excluded those firms that generate energy exclusively from wind, solar,
biomass, qualified cogeneration and small hydroelectric plants.

The Brazilian Regulator, ANEEL, oversees the EEP and applies penalties
in the case of non-compliance.
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APPENDIX 10 — Beta Energia case study - main regulations identified (1998-2006)

(cont.).

Year /
Level

World

Brazil

2001

Programme of Incentives for Alternative Electricity Sources
(PROINFA)

The PROINFA programme is to be implemented in two stages:

- STAGE 1: 3,300 MW of renewable energy (from wind, biomass and
small hydroelectric sources) will be brought on stream before the end of
2007 through a system of subsidies and incentives;

- STAGE II: Once the 3,300 MW objective has been met, PROINFA
will target increasing the share of electricity produced by three renewable
sources to 10% of annual consumption within 20 years. It will be issues a
number of Renewable Energy Certificates proportional to the amount of
clean energy produced by the plant.

2004

Law 10.848 - Creation of the Electric Energy Chamber of
Commerce, replacing the Wholesale Energy Market (1998).

Two environments were created, the Regulated Contracting Environment
(ACR), intended for electric power generation and distribution agents and
the Free Contracting Environment (ACL), in which can participate agents
of generation, commercialization, importers, energy exporters and free
consumers. As described, the generation agents can sell energy in both
environments.

2006

Decree 5.882 - Modifies Decree No. 5025, which regulates the Incentive
Program for Alternative Sources of Electric Energy - PROINFA, to
support the creation of Clean Development Mechanisms.

2007

Brazil Renewable Energy Auctions

Laws 10.847 and 10.848 defined the start of utilising energy auction
system to procure electricity.

In 2007 system was amended in order to allow technology specific
auctions specially design for renewable generators.

There are two types of auctions: new energy auctions and reserve energy
auctions.

Source: IEA (2022).
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APPENDIX 11 — Beta Energia case study - main regulations identified (2008-2014).

Year /

World Brazil
Level
Electric power auctions - Biomass
First biomass-only reserve energy auction (2,379 MW of power from 31 thermoelectric plants) using
2008 sugarcane and napier grass as an energy source.

New ANEEL guidelines, asking for the development of prototypes and allowing marketing activities
aimed at launching new products on the market.

Electric power auctions - Wind
First wind power producer-only reserve energy auction. The government auctioned 1,805 MW of power
from 71 projects, selected out of the 339 projects presented totalling 10,055 MW of power.

Law No 12.187 - National Climate Change Policy

It aimed to reduce GHG emissions, outlining guiding principles such as:

- the use of financial and economic instruments to promote mitigation and adaptation to climate change;
2009 - information dissemination, education and promotion of public awareness of climate change;

- encouragement and support for low GHG emissions practices, activities and technologies as well as
sustainable patterns of production and consumption.

It was proposed the use of fiscal and tax measures, subsidies and credit lines, research funds and other
economic mechanisms.

To achieve the goals, the Brazilian government adopted, as a voluntary national commitment, actions to
mitigate GHG emissions, with a view to reducing its projected emissions by 36.1% to 38.9% by 2020.

2010-2019 Plan for Energy Expansion

It aimed the phasing out of fossil fuel power plants construction by 2014 and major expansions in the hydro
and wind grid-connected power sectors over the next ten years. Installed capacity targets for renewable
energies have been fixed as follows:

- Hydro: from 83.1 GW in 2010 to 116.7 GW by 2019;

- Small hydro: from 4 GW in 2010 to 7GW by 2019;

2010 - Biomass: from 5.4 GW bin 2010 to 8.5 GW by 2019;

-Wind: 1.4 GW in 2010 to 6 GW by 2019;

The 10-year plan foresees an investment package of EUR 420.2 billion equivalent, and targets additional
grid-connected electricity generation from renewable sources of 4GW by the end 0f 2010, 777 MW in 2011
and 2 GW in 2012. The total share of RSE will have to increase by 13% annually with wind, biomass and
hydro as front-runners.

Inovar Auto Incentive Programme
The Programme was created to support vehicle technology innovation.
It set specific targets for minimum investment in R&D, increase in the expenditure in engineering, basic
industrial technology and capacity building of suppliers, production of more efficient vehicles and increase
in the safety of the vehicles produced.
The Programme set a 30% increase on the Tax of Industrial Products (Imposto sobre Produtos
Doha Industrializados - IPI) for all light duty vehicles and light commercial vehicles. To be exempt of the 30%
Amendm |IPL the automakers needed to meet a series of requirements related to the targets mentioned above.
2012 | ent to the |Under the programme car manufacturers needed to improve their corporate average vehicle efficiency for
Kyoto |NeW light duty vehicles by approximately 12% from 2012 levels by October 2017. Car manufacturers also
Protocol |had to comply with Brazil's Vehicle Labelling Programme (PBEV) and with a minimum share of vehicle
sales.

Brazil Net Metering for Distributed Generation

New net metering policy in Brazil for small scale renewable generators.

Renewable generators up to 1 MW capacity interconnected to low and medium-voltage grid are allowed to
sell a surplus of the electricity back to the national grid in return for the electricity billing credit to be
recuperated within 36 months.

Brazil Inova Energia Program

The goal of the program was to boost cooperation and knowledge sharing between companies and
technology institutes in fields of smart grids, renewable energy, and hybrid and energy efficient vehicles.
Inova provided support in form of grants and soft loans.

The credit line from Inova could cover up to 90% of accepted project costs, with remaining costs financed
by participating companies.

2013

Import tax reduction for Hybrid Vehicles (Resolution No. 86/2014) - MERCOSUL
2014 With Resolution No. 86/2014 import taxes on Electric Vehicles have been reduced from 35% to 0%, in an
effort to increase sustainable mobility across MERCOSUR.

Source: IEA (2022).
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APPENDIX 12 — Beta Energia case study - main regulations identified (2015-2021).

Year /
Level

World

Brazil

2015

COP 21 - Paris

Alliance Programme

The Program objective is to implement energy efficiency programmes in 100 large intensive
energy consumer companies (minimum consumption of 20MW), through financial
compensation to enable the hiring of external consultants, and specialized studies. There is an
objective of 5% reduction in energy comsunption.

Agenda 2030 UN - Brazil Net Metering for Distributed Generation
17 Susteinable Updated by Normative Resolution 687/2015, which increased electricity generation limit from
Development IMW to SMW, increased the validity period of credits from 3 to 5 years, and authorized three

Goals and 169
targets

new modalities of remote self-consumption: distributed generation, shared generation and
projects with multiple consumer units.

2016

Law 13.280 - Modified the Law 9,991/2000, establishing that the National Program for
Energy Conservation (Procel) became entitled to 20 per cent of the funds that electricity
distributors must invest in energy efficiency actions.

2017

Decree 9.073/2017 - It promulgated the Paris Agreement under the United Nations
Framework Convention on Climate Change.

Financing Instruments for Energy Efficiency Cities in Brazl (FinBRAZEEC)

It aims to promote private financing for urban energy efficiency projects, by reducing the
credit risk and enhancing the technical quality of Efficient Street Lightning (ESL) and
Industrial Energy Efficiency (IEE).

2018

National Electricity Conservation Programme - Resource Allocation Plan 2018 - The
Plan sets forth the budget and priorities for the various programmes under PROCEL.

Law 514 - It established, in the Electric Energy Chamber of Commerce, the gradual reduction
of the limit for migration of free customers, so that from 07/01/2019 the limit became
2,500kW and from 01/01/2020 it became 2,000k W.

Network of Innovation in the Electric Sector (RISE) - RISE is a networking initiative that
adheres to ANEEL Strategic Planning and its R&D and Energy Efficiency programs. It aims
at fostering the creation and development of innovations and technologies. Electric Mobility
was selected as a priority area.

Law 13,755 - Rota 2030 - A remodeling of the extinct incentive program, Inovar Auto, Rota
2030 has the main focus to encourage R&D projects throughout the sector's chain. Thus, the
program was extended to the sectors of auto parts and strategic systems for the production of
vehicles. Among the main program guidelines is the promotion the use of biofuels and
alternative forms of propulsion and enhance the Brazilian energy matrix.
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APPENDIX 12 — Beta Energia case study - main regulations identified (2015-2021) (cont.).

Year /
Level

World

Brazil

2018

Procedures and conditions for carrying out electric vehicle recharging activities
(Normative Resolution 819) - It established the procedures and conditions for carrying out
activities related to electric vehicles recharging by concessionaires and license holders of the
public electricity distribution service. The energy distributor may install recharging stations for
public use in its catchment area. Charging equipment not destined solely for private use must
be compatible with public domain open protocols concerning: communication, remote
supervision and control. It is not permitted to inject electricity from electric vehicles into the
grid.

2019

Incentive Programme for Technological Innovation in Agricultural Production
(Inovagro) - The programme is an incentive for technological innovation in agricultural
production through supporting investments related in rural properties, aiming to increase
productivity. It finances the implementation of systems for the generation and distribution of
alternative energy (wind, solar and biomass) exclusively for own consumption.

2020

Guidelines for micro and small-scale distributed generation national policy - It defines
the main guidelines for micro and small-scale distributed generation (CNPE resolution
15/2020).

Demand response pilot program - Ordinance No. 460/2020 - This program will be
effective until April 30, 2022 and it is based on incentives to reduce consumption at critical
moments in the system. It offers to reduce the consumption of electricity upon payment
financial compensation, alternatively to the dispatch of thermal plants outside the order of
merit.

2021

New Power sector Law (Law 14.120/2021) - The law revised the conditions of some
Research and Development and Innovation (RDI) investment requirements provided by Law
n. 9.991/2000 and other complementary legislation. It transferred specific funds, previously
destined to obligatory RDI projects, to the Energy Development Account since those RDI
projects were not initiated or contracted. Those funds can be applied in mitigating consumer
tariff rises in the context of the pandemic. The new conditions are valid until the end of 2025.

National Policy of payment for environmental services - The policy creates the basis for
the implementation of carbon pricing mechanisms and other mechanisms that values
environmental services.

Source: IEA (2022).
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Code

Quote

Person

Alliances
and
Acquisitions

The strategy was to contract the service or buy the company... If I don't
have the competence and you (external company) have this competence,
[ will buy you. Thus, several acquisitions were made during this period

Al

More recently, there are some very nice examples of working together
with other companies, we mention CPFL in matters that we believe will
also break out and are common to all companies, such as, for example,
a project to perform energy accounting via Blockchain. So there was an
alliance, let's make it together. Finally, there has to be a standard that
everyone will adopt

Al

I can say, the area of innovation more specifically, I know that they have
to make many partnerships, both with universities, sometimes with other
companies, this is critical to being able to develop projects there.

A3

What we had at Beta Open was very much the co-development part. So
we work together with start-ups to develop solutions. That's why we had
the two entities in mind.

A6

Solution companies were being acquired ... In fact they were all
independent companies. They were purchased by Beta Energia between
2017, and 2019.

A6

(Acquisitions) .... and the most recent ones were Beta Energia Services-
2 and Beta Energia Distributed Generation

A6

one of the companies (acquired) was Beta Energia Services-3, which
was a company that operated in the public lighting sector.

A6

It is a project that we have been under development since 2013 ... It is
the nationalization of a wind plant in a partnership with another firm.
So we started this development back there. It was a challenge for us
because it was a very expensive project at the time.

A4

The Distributed Solar Generation Company was also acquired in the
market. It was a widespread practice for Beta Energia to mix teams
whenever acquiring a company. What happened a lot was the inclusion
of people who were already working at Beta Energia within these
acquired companies so that there was an exchange of know-how and the
company can be inserted into Beta Energia's culture.

A6

Open
Innovation

"We have an open innovation program that is external innovation in
partnership with start-ups. This open innovation external innovation
program we distribute on two levels as well.

Al

"We select some projects and launches to the external environment “It
would be cool for us to bring a start-up”, we do an active search, have
several start-ups working on this subject, we will launch a challenge and
then we gave BRL 400,000 or BRL 500,000... projects of this order
with duration of 6 months to 8 months to develop a solution"

Al

There is the possibility of working with start-ups, of putting money into
start-ups, of nvestment funds and innovation participations, for
innovation. Anyway, they are wanting, ANEEL is wanting to give a
more... a more innovative approach to the program as well.

A2
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Code

Quote

Person

Open
Innovation

We have this problem,,,. So we launched a challenge, (get a fund) 50%
from Senai, 50% from Beta Energia to look for a start-up that could
carry out this stability analysis in a more automated, cheaper way, in
short. Some crazy people come who have simultaneous laser sights...
Anyway, there's a guy who's going to develop. This is a very
characteristic example.

Al

We have projects with several different universities in Brazil

Al

We had several partnerships with start-ups, with these people, using
start-ups and then we participated financing and making the bridges
with these start-ups.

A2

But here at Beta Energia firm we have a person looking at open
innovation that is this relationship with start-up. So we are affiliated
with an innovation hub today that is the ACATE Santa Catarina
technology association, which is Linklab,

A4

I can say, the Innovation area of Beta Energia, specifically, they have to
make many partnerships, both with universities, sometimes with other
companies, this is fundamental to be able to develop projects there.

A3

Since 2019, this has been the main form that we make open innovation,
we have a partnership with SENAI, which has a program called
Innovation Notice for the industry, and then SENAI always supports us
in project development: since the Launch challenges that we identify
internally for the ecosystem to propose solutions, until identifying who
would be the ideal partners, and finally develop the solution.

A6

When these employees would develop projects with start-ups with their
areas, they could effectively apply agility, learn from start-ups, how they
did this in their daily lives,

A6

It's no use doing Open Innovation and not thinking about culture and
tools, and not just doing culture and not developing projects, in a way
with this collaboration, because developing internal projects also
strengthens culture, but they are totally different experiences.

A6

we realized that this was a two-way street - we had a lot of feedback
from the start-ups themselves that learned a lot from us, and that this
joint evolution was quite interesting,

A6

Open innovation in B started with R&D projects, so as I said, Beta
Energia firm, which is the group's power generation company, has this
relationship with universities for many years, because of the R&D
ANEEL, which It is a mandatory investment.

A6

They also have, for some years now, Beta Energia has co-sponsored
LinkLab, which is an initiative by ACATE, from Florianopolis, for the
development of innovation projects at a very early stage, so really, in
proof of concept.

A6

These are 3-4 month projects at most, where a concept test is done, in
partnership with these Linkab start-ups. They had these open innovation
formats

A6

Explaining Beta Open better ... These projects with Senai happen inside
Beta Open...Beta Open is a Beta entity for the development of R&D

projects.

A6
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Code

Quote

Person

Open
Innovation

Beta Open's main focus is to develop and promote innovation in the
internal and external group, or the Open Innovation and also work on
this culture issue.

A6

Venture-Capital is the investment in start-up mainly. What we had in
Beta Open was very much the co-development part. So we work
together with start-up to develop solutions. That's why we had both
entities thought

A6

Sometimes the university looks for us too ... She wants to know what
Beta Energia needs. It has a lot and approaches too, mainly with the
University of Parana as well. They are looking for it because they
already had a partnership.

A4

...We always make alliances considering that we do not develop our
projects alone. We have the demand, and we have people at home who
understand the subject but have no time or technical competence to
develop new things. So we always have strategic partnerships in project
development with universities, other development companies,
technology centres or anything else for project development.
Nevertheless, we don't necessarily make alliances with competitors to
develop other things, this can happen on common topics, such as we
have projects related to the environment...

A2

The area of innovation in this company was along with strategy to be
linked to long-term decisions. At the other firm, a maintenance service
company, for example, of industrial facilities, large air conditioning of
bank or mall, which is very on a daily working basis, innovation was in
the quality manager and productivity.

Al

In the most incremental innovation part linked to Core Business, we
brought a manager in each of the six companies of Beta in Brazil, we
brought the innovation function into his management

Al

Then we created in Brazil a space that is Beta Open, with separate firm
and a team thinking of those more out of box projects, like new
business, a more disruptive way.

Al

the idealization of the structure was to placing incremental innovation
in a decentralized way within companies and creating a space for the
disruptive apart... As a way to operationalize the concept that we listen
to develop the ambidexterity environment

Al

At Beta Brazil, we created a CNPJ with the specific CNAE for research
and development and this also helps us a lot because Brazilian
legislation, as I told you, provides a series of incentives for those who
invest in innovation and such.

Al

...but the first battle I had to face was not (with Innovation) dispersed,
but with Innovation centralized. I used to joke with the Europeans that
they used to say “we innovate in the matrix and you adopt in the
colonies”. The process was very... send it to Europe, Europe gets
ooverloaded with ideas in various Business Units around the world, they
don't have much knowledge of the local context and so I spent many
months looking for this opening...

Al
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Code

Quote

Person

Open
Innovation

In a process of convincing the matrix that it was interesting to
decentralize the innovation that we should obviously, without
duplicating efforts with them, but bringing to Brazil innovation
initiatives especially those aimed at the largest potentials in the country,
things linked to agribusiness, solar energy, Wind energy, things that are
more abundant here than there.

Al

So we started the process management part working in a very
decentralized way. In the most incremental innovation part linked to
Core Business, we brought a manager in each of six companies of Beta
in Brazil, we brought the innovation function into his management.

Al

It is not even by Beta Open, Beta Open ends up existing, but it is a
structure outside Beta, it was linked to our controller here in Brazil
which is Beta Brazil, our holding,

A2

Today this area, it was was focused on the corporate and innovation
looking at all this, much focused on start-up... It looked at other
business lines. Including us here from Beta Energia.

Ad

Our research, development and innovation coordination has R&D,
internal innovation and open innovation. So we separate because
although R&D is an open innovation, research and development is still
separated. Because it is regulated and then it is a funds and mandatory.
Internal innovation that is also a specific amount only for incremental
ideas, but focused on processes.

A5

So the R&D area specifically seems to me that the most appropriate, is
probably not my boss's opinion, I never talked to him about it, but it
would be in the regulatory area perhaps.

A3

But it is because as it is a regulated activity, maybe it would be
interesting to be in the regulatory area, but it could also be in the
engineering area, why not? There is development of a lot of innovation
today within the engineering area itself.

A4

So we played this role of trying to facilitate the event of innovation in
the business lines, and also seek synergies.

A6

we understood that the focal points would be a person to take the
programs that we would create at the corporate level to the business
lines, because they are the people who are close to the employees, and
we always understood that innovation happens at the end, where
employees are seeing problems, are seeing customer needs, are seeing
opportunities for improvement at the operational level, so we need this
proximity of innovation with employees so that innovation can happen,
and then these focal points were really this person to take the programs
and tools to them and at the same time seek, see what are the ideas, the
needs they had so that we could facilitate in some way.

A6

So the same innovation manager who took care of renewable was the
same one that dealt with thermals and energy transmission. So it ended
up having this more general structure.

A6
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Code

Quote
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The area of innovation in this company was along with strategy to be
linked to long-term decisions. At the other firm, a maintenance service
company, for example, of industrial facilities, large air conditioning of
bank or mall, which is very on a daily working basis, innovation was in
the quality manager and productivity.

Al

In the most incremental innovation part linked to Core Business, we
brought a manager in each of the six companies of Beta in Brazil, we
brought the innovation function into his management

Al

Then we created in Brazil a space that is Beta Open, with separate firm
and a team thinking of those more out of box projects, like new
business, a more disruptive way.

Al

the idealization of the structure was to placing incremental innovation
in a decentralized way within companies and creating a space for the
disruptive apart... As a way to operationalize the concept that we listen
to develop the ambidexterity environment

Al

At Beta Brazil, we created a CNPJ with the specific CNAE for research
and development and this also helps us a lot because Brazilian
legislation, as I told you, provides a series of incentives for those who
invest in innovation and such.

Al

...but the first battle I had to face was not (with Innovation) dispersed,
but with Innovation centralized. I used to joke with the European that
they used to say “we innovate in the matrix and you adopt in the
colonies”. The process was very... send it to Europe, Europe gets
ooverloaded with ideas in various Business Units around the world, they
don't have much knowledge of the local context and so I spent many
months looking for this opening...

Al

In a process of convincing the matrix that it was interesting to
decentralize the innovation that we should obviously, without
duplicating efforts with them, but bringing to Brazil innovation
initiatives especially those aimed at the largest potentials in the country,
things linked to agribusiness, solar energy, Wind energy, things that are
more abundant here than there.

Al

So we started the process management part working in a very
decentralized way. In the most incremental innovation part linked to
Core Business, we brought a manager in each of the six companies of
Beta in Brazil, we brought the innovation function into his management.

Al

It is not even by Beta Open, Beta Open ends up existing, but it is a
structure outside Beta Energia , it is linked to our controller here in
Brazil which is Beta Brazil, our holding.

A2

Today this area, it was was focused on the corporate and innovation
looking at all this, much focused on start-up... It looked at other
business lines. Including us here from Beta Energia.

A4

Our research, development and innovation coordination has R&D,
internal innovation and open innovation. So we separate because
although R&D is an open innovation, research and development is still

A4

So the R&D area specifically seems to me that the most appropriate, is
probably not my boss's opinion, I never talked to him about it, but it
would be in the regulatory area perhaps.

A3
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But it is because as it is a regulated activity, maybe it would be
interesting to be in the regulatory area, but it could also be in the
engineering area, why not? There is development of a lot of innovation
today within the engineering area itself.

A3

So we played this role of trying to facilitate the event of innovation in
the business lines, and also seek synergies.

A6

we understood that the focal points would be a person to take the
programs that we would create at the corporate level to the business
lines, because they are the people who are close to the employees, and
we always understood that innovation happens at the end, where
employees are seeing problems, are seeing customer needs, are seeing
opportunities for improvement at the operational level, so we need this
proximity of innovation with employees so that innovation can happen,
and then these focal points were really this person to take the programs
and tools to them and at the same time seek, see what are the ideas, the
needs they had so that we could facilitate in some way.

A6

So the same innovation manager who took care of renewable was the
same one that dealt with thermals and energy transmission. So it ended
up having this more general structure.

A6

Research and
Development
(R&D)

Our R&D and Innovation department has to manage R&D, internal
innovation and open innovation activities... Because (the firm business)
is regulated, existing mandatory R&D budget to accomplish, but we also

have to manage the Internal innovation, with a specific amount only for | Al
incremental ideas, but focused on processes.
"We have to manage the R&D budget, the obligatory expense, and define what to A2

develop internally or look for support from university or firms"
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