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Abstract—The evolution of digital technologies has been expand-
ing the business opportunities that firms can tap by leveraging
such technologies. Business model innovation triggered by digital
technologies allows firms to extend the scope of products and ser-
vices they offer and create new markets. This trend is particularly
relevant in the energy sector. However, little is known about how
actually energy firms’ business models evolve because of the adop-
tion of digital technologies. Therefore, this article aims at shedding
light on the business model innovation process enabled by digital
technologies in the energy sector. To this aim, eight Italian energy
service companies that innovated their business model by adopting
digital technologies are analyzed. The empirical analysis allows to
spot an archetypal business models innovation process enabled by
digital technologies in the energy sector. The study contributes to
the literature on business model and business model innovation by
highlighting how digital technologies may promote the evolution
of business models and by spotting an archetypal business models
innovation process that can be implemented accordingly. It also
contributes to the emerging literature on digital transformation,
by showing how digital technologies can be exploited by energy
firms to improve their value creation, delivery, and appropriation
mechanisms.

Index Terms—Business model (BM), business model innovation
(BMI), case study, digital technologies (DTs), energy service
companies (ESCOs).

I. INTRODUCTION

IN THE last years, the economic scenario has been
dramatically reshaped by the progress and the growing

diffusion of digital technologies (DTs) [1], [2], [3]. Indeed,
the recent evolution of DTs has been expanding the potential
business opportunities that firms can tap by adopting them; con-
sequently, DTs are becoming increasingly pervasive to several
industries [2], [4]. In particular, DTs allow firms to: 1) expand
their offering and increase product and service flexibility, also
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supporting updates and the addition of new features after these
reach the market, 2) favor the interconnection between different
industries, thus enabling the development of new ecosystems,
and 3) access timely and reliable data streams [5], [6], [7], [8].
Examples showing how the adoption of DTs is supporting firms
in developing new and enhanced products and services that better
satisfy customers’ needs are more and more common. Moreover,
through DTs, firms can sensitively change the design of the
mechanisms they use to create value for customers and appro-
priate the same value, as well as their architecture, eventually
innovating their business models (BMs) [9].

Business model innovation (BMI) triggered by DTs allows
firms to extend the scope of products and services that they
offer to their customers and also to create new markets [10],
[11]. For instance, typical examples are those of the Nest ther-
mostat, embedding DTs to offer further value-added services
to customers [10], and the development of the eMaintenance
platform by Canon, to get data on printer status on the basis
of which provides additional services to customers [12]. As a
matter of fact, BMI enabled by DTs may strengthen the com-
mercial relationship between firms and their clients, generate
new advantageous partnerships, as well as increase the appeal
of current and new products and services to existing and potential
customers [11], [13], [14]. Hence, firms may leverage DTs to
keep or establish sustainable competitive advantage through
BMI. Moreover, in an economic scenario characterized by the
widespread digital transformation of businesses, firms failing to
effectively innovate their BMs by leveraging DTs may risk being
marginalized and to lose competitiveness (e.g., [13]).

The extant literature has been analyzing several aspects re-
lated with the role of DTs in BMI. For instance, previous studies
investigated topics as how DTs change firms’ value proposition
and the way they create and capture value (e.g., [13]), how DTs
allow firms to access untapped opportunities as those related to
the sharing or circular economy (e.g., [15] and [16]), and those
factors promoting DTs-enabled BMI (e.g., [17]). However, to the
best of authors’ knowledge, little is known about how actually
BMs evolve because of the adoption of DTs. Indeed, the integra-
tion of DTs within an existing BM requires a deep and thorough
revision of its main components [11], which eventually results
in its innovation. Specifically, our study focuses on analyzing
the transition from the BM before the integration of DTs to the
one after. Accordingly, we aim at shedding light on the BMI
process enabled by DTs.
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A sector that has been characterized by BMI enabled by DTs
is the energy one [18]. In particular, energy service companies
(ESCOs) could be noticeably affected by the adoption of DTs,
being them focused on activities aiming at improving energy ef-
ficiency [19]. ESCOs are players that can provide a wide range of
energy services [20], with different financing and remuneration
schemes [21], [22]. DTs in this field allow to collect detailed
data on energy usage, predict energy consumption behaviors,
and provide consumers with timely suggestions providing op-
portunities to reduce energy consumption and favor energy cost
savings [22].

Accordingly, the adoption of DTs is crucial to increase the
value ESCOs create for customers. This may happen, for in-
stance, by implementing smart monitoring of energy consump-
tion, by tailoring the services provided to the specific customers’
needs, and by the provision of novel services as the offering
of advanced contracts such as energy performance contracts
(EPCs) [23], [24]. However, the implementation of DTs may
require ESCOs to completely rethink the way energy efficiency
improvements are delivered to customers with respect to how
the same process was performed before the digitalization, also
requiring revising the relationships between the building blocks
constituting their BM [25], [26]. Therefore, we ground our
analysis in this sector, by analyzing the cases of eight Italian
ESCOs that innovated their BM by adopting DTs. Italy is chosen
as the empirical setting for this study since it is one of the most
developed energy efficiency market worldwide [27], also with a
long-lasting presence of ESCOs since the early ‘80s [28].

Our empirical analysis allows to shed light on the BMI process
enabled by DTs in the energy sector, with specific reference to
ESCOs. The results also display that all the investigated firms,
even the ones with a limited adoption of DTs within their value
architecture, show a significant impact of DTs on their BM, with
particular reference to the infrastructure network.

From a theoretical perspective, our study contributes to the
literature on BM and BMI, by highlighting how DTs promote
the evolution of existing BMs, and by bringing into light an
archetypal BMI process. Additionally, we also contribute to
the novel and emerging literature on digital transformation in
the energy sector, by showing how DTs can be exploited by
firms as ESCOs to improve their value creation, delivery, and
appropriation mechanisms.

Our findings also offer practical insights for managers by
providing a detailed overview of the opportunities enabled by
DTs for innovating an existing BM as well as the BMI process
that may be enabled by DTs. Furthermore, being our analysis
grounded in the energy sector, our findings can also support
policymakers in the definition of provisions to favor the adoption
of DTs by companies in the energy value chain (e.g., ESCOs),
in order to foster energy transition.

II. THEORETICAL BACKGROUND

The competitive advantage of firms is based on their capacity
of creating value for customers, and delivering and appropriating
the same value [9]. Therefore, increasing scholarly attention has
been recently posed on these three concepts, which concurrently

define a firm’s BM. In fact, “a BM describes the design or archi-
tecture of the value creation, delivery, and capture mechanisms
employed” ([9]: 191). Specifically, a BM may be conceived as
made of different components [29]. For instance, the seminal
work by Dubosson-Torbay et al. [30] already identified four BM
pillars, i.e., 1) product, 2) customer interface, 3) infrastructure
management, and 4) financial aspects. In particular, the prod-
uct pillar is essentially built on the value proposition concept.
Indeed, BMs are hinged on the firm’s value proposition [9],
[31], [32], i.e., the definition of the value that the firm gener-
ates for customers [33]. Hence, value proposition represents a
paramount factor to support firms’ in establishing and keeping
their competitive advantage (e.g., [34]). Furthermore, the cus-
tomer interface pillar allows to define the target customers as
well as how actually the value created by the firm is delivered to
target customers. Specifically, this refers to the definition of the
target customers as well as the design of the distribution channels
to reach the customers and the typology of relationships that
the firm establishes with them [31]. Instead, the infrastructure
management refers to the definition of relationship between
resources, assets, activities, and networks leveraged by the firm
to provide value to the customers [30]. Finally, financial aspects
are related to the generation of revenue streams and the cost
structure resulting from the creation, delivery, and appropriation
of value [30], [31].

BMs are deemed as an element that can be innovated by
managers to keep or establish a competitive advantage [35].
Indeed, the extant literature identified several drivers of BMI
processes, such as the need to deal with stakeholders’ expecta-
tions, regulatory forces, changes in business environment, and
emergence of new technologies [36]. In particular, the last driver
has been growing in relevance, along with the evolution and the
broad diffusion of DTs. This is testified also by the fact that BMI
enabled by DTs has been recently emerging as a novel line of
investigation within the stream of literature dealing with BMI
[37], [38].

A. DTs-Enabled BMI

Extant studies have been focusing on how firms’ BMs change
due to the adoption of DTs and the relationships between the
building blocks that constitute the BMs [11], [13], while also
analyzing the role of DTs in making BMI opportunities available
to firms [39], [40]. In addition, more and more scholars are
investigating the BMI process enabled by DTs and how this
unravels through different phases [37], [41]. Nonetheless, the
growing body of knowledge, more understanding about the role
that DTs play during the BMI process is required to spot frame-
works, common patterns, and even archetypes that could support
a better understanding of the factors affecting that process [18],
[41], [42], [43]. In particular, DTs can enable, enhance, or even
modify specific activities that incur in the BMI process [44].
Moreover, the DTs-enabled BMI process may be performed
by firms following different patterns [14], hence limiting the
value of one-size-fits-all approaches. However, to the best of
authors’ knowledge, studies investigating the different paths
through which DTs can promote BMI are scant in the literature.
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Accordingly, we aim at filling this gap by analyzing the transition
from the BM before the integration of DTs to the one after to
highlighting emerging BMI paths and commonalities.

B. DTs-Enabled BMI in the Energy Sector

As mentioned earlier, the recent rise of DTs has been support-
ing firms in the energy sector, as ESCOs, in innovating their BM.
In fact, DTs can remarkably affect the four pillars of ESCOs’
BM [30]. For instance, concerning the product (or service), DTs
may add novel functionalities enhancing the range of needs that
a product (or a service) satisfies or even modifying the scope of a
product (or a service), even after it has been sold to the customer
[10]. Considering that ESCOs offer energy efficiency services
that are tailored on their customers, a continuous stream of data
flowing from the customers through DTs may enable an accurate
and timely control of energy consumption and generate novel
energy savings opportunities. Emerging opportunities enabled
by DTs may also affect the customer interface, i.e., by increasing
the opportunities to deliver further value to existing or even new
customers. In particular, the continuous data stream allowed
by DTs provides product usage data to firms. In turn, ESCOs
can leverage these data in their BMs to improve the customer
relationship process, e.g., by exploiting technologies as artificial
intelligence (AI) to be proactive in increasing the effectiveness
of the value delivery [45]. This is a key point for ESCOs, since
their value creation activities are strongly characterized by a
regular interaction with customers, to fine tune their services on
the customers’ needs. Moreover, new customers may be targeted
by ESCOs as well. Indeed, energy efficiency projects promoted
by ESCOs have been mainly targeted the industrial and public
sectors, while other sectors as the residential one started to be
addressed more recently, being usually considered less attractive
due to the high transaction costs and other barriers that nowadays
could be managed through DTs exploitation [22], [46].

In terms of infrastructure management, the role of data as a
crucial resource in digitally-enabled BMs is evident (e.g., [47]).
In fact, DTs may totally reshape the way resources are used
to support value creation activities [11], [48]. In addition, DTs
allow for a radical revision of partnering networks, due to the
novel and more efficient interaction opportunities offered [49].
The interaction with partnering firms is a relevant activity for ES-
COs, since for example they do not typically manufacture energy
efficiency technologies offered to their customers, rather they
partner with technology providers. Such partnerships could be
leveraged to being able to acquire and exploit DTs as well [22].

Finally, as far as the financial aspects are concerned, DTs may
dramatically impact revenue streams and costs. Indeed, a more
accurate tailoring of products and services on customers’ needs
is useful to be, on the one hand, more effective in sustaining
costs and, on the other hand, allows to better appropriate the
value created, hence increasing the revenues generated [10]. In
the context of ESCOs, DTs may allow to understand in a more
granular and accurate way how customers use energy, paving
the way for not negligible energy and cost saving opportunities
and, due to the ESCOs typical contracts, also providing related
revenue growth.

TABLE I
OVERVIEW OF THE SAMPLED FIRMS AND INTERVIEWEE(S)’ ROLE

Therefore, these arguments suggest that DTs are endowed
with characteristics that may support ESCOs in increasing the
value generated for customers, improving its delivery, and fa-
cilitating its appropriation, in ways that are extremely peculiar.
Accordingly, it is not surprising that ESCOs are increasingly
leveraging DTs to innovate their BM. Hence, investigating the
BMI in the energy sector, which is characterized, as discussed, by
a high impact and pervasiveness of DTs may provide interesting
insight to expand our understanding about how BMI enabled by
DTs typically unravels in such contexts.

III. METHODOLOGY

The empirical research method adopted in this study refers to
multiple case studies [50], [51]. In particular, the collection of
rich qualitative data obtained through case study research has
been leveraged, due to the novelty and complexity of the topic
addressed, which are difficult to study with quantitative method-
ologies [52]. Furthermore, this method is consistent with our
objective to provide an in-depth illustration of the phenomenon
analyzed, particularly with reference to describing the evolution
of the firm’s BM due to the exploitation of DTs. Accordingly,
a multiple case study analysis (rather than a single case study)
provides a more robust and grounded foundation for the research
activity [51].

As far as the selection of the case studies is concerned, it
follows a convenience sampling criterion, which allows for easy
accessibility and availability of information at a given time [53].
In particular, eight Italian ESCOs that innovated their BM by
adopting DTs were selected. The number of selected companies
adequately fits the exploratory nature of our research, as the
number of participants in interpretive research is relatively small
[54]. Table I shows the identified firms (whose names are blinded
for confidentiality reasons), as well as the job position of the
interviewees taking part in the following data collection phase.

As far as the following data collection is concerned, semistruc-
tured interviews with key informants were exploited as the main
source. To this aim, a semistructured questionnaire consisting
of open-ended questions was used as a guide for the collection
of all the empirical data [55]. The questionnaire included two
main parts, the first one investigating the firms’ BMs before
the exploitation of DTs, while the second one focuses on the
outcome of the BMI process enabled by DTs. For each firm, we
interviewed one to three key informants dealing with strategic
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decisions within the firms, The interviews were conducted be-
tween September 2020 and March 2021 by a research team of
three researchers, which allowed collecting different points of
view during the interviews, thereby increasing the richness and
reliability of the findings [50]. The interviews typically lasted
between 60 and 90 min each and were tape-recorded. The first
round of interviews was followed in some cases by follow-up
interviews, as well as email exchanges to consolidate and further
enrich the collected data. Furthermore, the analysis of secondary
sources of information, such as annual reports and companies’
websites was exploited to triangulate and integrate data gathered
through the interviews. Data analysis followed these two steps
[56]: i) each author first reviewed all the information of the
transcribed interviews and secondary documents to verify their
validity and avoid potential ambiguous and equivocal data.
To this aim, a coding process and cross-comparison analysis
of interviews’ answers and data from secondary sources was
performed to identify the recurrent patterns of useful information
[57]; and ii) each author then contrasted or corroborated his
own elaboration with the ones of other authors to reach a shared
interpretation of the phenomenon under investigation.

IV. EMPIRICAL ANALYSIS

Table II reports a short presentation of each investigated firm.
A description of the “traditional” BM (i.e., the one before the
adoption of DTs) characterizing each firm as well as the BMI
process enabled by DTs is reported hereafter.

A. Firm A

1) Traditional BM Outline: Firm A offered energy efficiency
solutions (EESs) and related services (e.g., energy audit, as-
sets maintenance) to their customers, mainly belonging to the
industrial and the tertiary sectors. EESs were mainly offered
through turnkey contracts, where the firm typically received a
lump-sum payment or a recurrent fee (e.g., on a monthly basis)
that was not related to the performance level reached through
the energy efficiency project (i.e., energy savings achieved). In
a few cases, the firm leveraged guaranteed-savings EPCs, where
the payment was linked to the energy savings achieved. The
cost structure characterizing Firm A was mainly affected by
the in-house development of the proprietary technologies (as
energy meters or network analyzers), while the impact due to
own investments at customers’ premises to implement EPCs
was rather negligible.

As far as the infrastructure management pillar is concerned,
human resources represented the most relevant strategic asset
for Firm A, as it exploited critical competencies and skills char-
acterizing both managers and employees. Other key resources
included financial resources and brand/image, being strongly
linked to the recent acquisition of Firm A by a large Italian energy
player active in the renewable energy production. Key activities
were related to design of EESs and the energy efficiency projects
delivery, with particular reference to the energy audit to identify
energy saving opportunities. Finally, the firm developed several
partnerships with other ESCOs offering ESSs developed by
Firm A.

2) BMI Process Enabled by DTs: The main opportunities
for Firm A, related to the exploitation of DTs, referred to the
integration of the offered EESs with the information systems at
customers’ premises as well as the exploitation of mathematical
models to optimize energy flows at customers premises.

To this aim, Firm A set up a novel working group that involved
internal resources, called “Energy Intelligence.” Accordingly,
the infrastructure management pillar recorded the major changes
to exploit DTs-related opportunities. Indeed, key activities re-
ported significant changes, e.g., including those for the creation
of mathematical models to optimize energy flows by leveraging
data science competencies, which were carried out by the Energy
Intelligence working group. As a result, Firm A started con-
sidering its energy management system as a strategic resource,
alongside the optimization algorithms to decrease customers’
energy consumption. Human resources were still strategic for the
firm, due to their technical and IT competences. Beyond internal
resources, partnerships with external parties started playing a
role to exploit DTs, but less relevant compared with internal
development. “We started collaborating with external compa-
nies to integrate our offer that exploits DTs. Nevertheless, these
relationships have not turned out to be fruitful so far. Moreover,
as we perceive DTs as a source of competitive advantage, we
decided to leverage our internal resources to increase their
penetration within the company’s value architecture,” Firm A’s
Innovation Manager said.

The exploitation of DTs did not alter the product pillar (i.e.,
value proposition) of Firm A’s BM, as its objective was still
about offering integrated EESs to their customers, being the
new digital nuance exploited to reach this objective. Neither
target customer segments nor contract typologies (and related
revenue streams) recorded any change as well. However, the cost
structure registered some relevant changes, as training activities
were introduced for both managers and engineers to properly
exploit DTs.

B. Firm B

1) Traditional BM Outline: Firm B offered EESs and con-
sultancy services to their customers (mainly industrial players).
EESs were mainly offered through shared-savings EPCs, in
which the revenues are calculated as a percentage of the achieved
energy savings (in addition to a fixed success fee, which was
subject to the achievement of a specific energy saving target).
Therefore, the firm bore the performance risk characterizing
the energy efficiency project, as well as the financial risks by
providing financial resources to carry out the project itself. The
main cost voices referred to EESs purchasing cost and related op-
erating costs, as well as capital cost (including interest expenses).
Regarding consultancy services, they were typically offered
through turnkey contracts that included a one-shot payment.

Technology providers represented key partners for the Firm
B, as it purchased almost all the offered EESs. Customers
were considered as partners too, since they were tied to the
firm through long-lasting relationships. Employees’ technical
competencies were considered a key resource to properly design
EESs consistently with customers’ needs and manage energy
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TABLE II
DESCRIPTION OF THE SAMPLED FIRMS

efficiency projects. Furthermore, the firm highly valued legal
competencies, as performance-based contracts were often risky
and more complicated to be drafted than turnkey contracts.

2) BMI Process Enabled by DTs: The digitalization trends
significantly reshaped the value architecture of Firm B. Indeed,
the firm decided to develop and offer advanced control sys-
tems to achieve energy savings, were based on second-level
automation and enabled the integration between predictive mod-
els and AI-based solutions. To this aim, internal competencies

were exploited (also through the creation of a new business
unit), also leveraging collaboration with external parties such
as universities. For example, Firm B tightly collaborated with
the Università Politecnica delle Marche to widen the scope of
the internal R&D with reference to advanced control systems.
Moreover, to exploit the developed DTs, the firm started con-
sidering its motherboard providers as strategic partners too,
since they provided the hardware component that lies at the
heart of the automation systems offered by the firm. The most
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relevant activities became the development of the optimization
algorithms and their integration with the end-users’ pre-existing
technologies. Furthermore, data analyses and data management
represented further key activities, as they allowed the firm to
offer value-added services to its customers, which were carried
out through internal resources (including people hired from
Università Politecnica delle Marche).

C. Firm C

1) Traditional BM Outline: Firm C offered a broad set of
EESs and consultancy services to different target customers,
belonging to the industrial and public and private tertiary sectors
(while the main target customers refer to large energy-intensive
players). The contract typology offered by Firm C, especially in
the industrial sector, referred to the shared-savings EPC, where
all the risks related to the investment were borne by the firm
itself. For this reason, in addition to a fee based on the attained
performance level, Firm C split the obtained energy savings with
the customer for the whole contract duration (according to a
predetermined quota). As the firm carried out the investment, its
cost structure was widely affected by energy efficiency projects,
considering both investment costs and interest expenses.

Technology providers were considered as strategic partners
for Firm C, even though it preferred to have the possibility
to choose among a broad set of providers to avoid a possible
lock-in effect. In so doing, Firm C could select the most suitable
providers based on the customer’s peculiarities and requests.
Customers played a critical role too, as the firm generally
leveraged their resources during the implementation of EESs,
especially with industrial customers. Although the firm did not
internally produce EESs, human resources’ technical compe-
tences were crucial within the Firm C’s BM. For instance,
engineers were in charge of handling the activities related to
the design and implementation of EESs. Moreover, following
the implementation of ESSs, activities related to energy con-
sumption monitoring and analysis were considered as strategic
too. All these activities were particularly relevant to assess and
manage all the risks associated to each energy efficiency project,
as the performance and financial risks were entirely borne by
Firm C.

2) BMI Process Enabled by DTs: DTs were recently intro-
duced within Firm’s C portfolio to enrich its offer. In particular,
the idea was related to the exploitation of machine learning and
AI-based solutions to create digital twins of industrial plants
in order to analyze their energy use patterns, foresee future
behaviors, and implement corrective actions to save energy.

To develop these solutions, in addition to the exploitation
of internal resources, a partnership with a French start-up was
established. The advent of DTs increased the relevance of
data analysis capabilities within the firm, which were critical
to properly design interventions. Moreover, the optimization
of customers’ energy consumption was possible thanks to the
algorithm’s learning process, which automatically identified the
best settings to optimize energy consumption. Within the new
BM, human resources continued playing a strategic role within
the firm, to favor the integration of these digital solutions.

Nevertheless, they were complemented by new resources, such
as optimization algorithms and simulators, which allowed the
firm to deliver value-added services to its customers.

Following the development of DTs, the Firm C amended its
value proposition to stress its enhanced ability to bring into
light energy saving opportunities by exploiting a data-driven
approach. The primary customer segments remained large
energy-intensive players belonging to industrial and tertiary
sectors. However, specific attention was more recently devoted
to customers relationship management, since it emerged that
making customers aware of the real benefits of digital solutions
was a challenging task, due to limited customers’ awareness
on such topics. Moreover, despite contract typology offered
by Firm C continued to refer to the shared-savings EPC, the
exploitation of DTs unlocked additional revenue streams,
through up-selling and cross-selling strategies. Finally, the cost
structure was mainly affected by the investment costs (neces-
sary to implement the energy efficiency program and digital
solutions) and the interest expenses.

D. Firm D

1) Traditional BM Outline: EESs offered by Firm D targeted
two main customer segments, belonging to the industrial and
(public/private) service sectors. Firm D typically leveraged a
shared-savings EPC, thus bearing all the risks associated to the
energy efficiency project and obtaining a part of the achieved
energy savings, as well as a fee based on the performance
reached through the intervention. The cost structure included
the investment costs needed to carry out the intervention and the
interest expenses related to the loan supporting the project.

Firm D did not produce any EES in-house, rather it exploited
several collaborations to acquire such solutions. In addition,
Firm D highly valued its service providers (in charge for the
installation, and in some cases the design, of EESs), allowing
the firm to provide end-users with a high-quality service. One of
the most strategic resources leveraged in these projects referred
to the financial resources, which allowed the firm to bear the
financial risk of an investment and propose performance-based
contracts. Moreover, Firm D considered as highly strategic the
human resources’ know-how, together with the EESs them-
selves, which were continuously updated by selecting innovative
suppliers. Within energy efficiency projects, a key activity re-
ferred to the monitoring and analysis of energy consumption
to identify energy efficiency opportunities. Moreover, the firm
carefully carried out creditworthiness assessments to evaluate
customers’ solvency requirements.

2) BMI Process Enabled by DTs: The digitalization trends
heavily affected Firm D’s BM, through the development of two
main initiatives. On the one hand, the firm developed a platform
allowing the real-time monitoring of energy consumption that
can be leveraged to optimize customers’ energy consumptions
and identifying energy efficiency opportunities. On the other
hand, the firm developed a comfort management solution, which
can manage assets such as the heating ventilation and air condi-
tioning systems to offer the highest comfort level at the minimum
energy costs.
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To develop these DTs, different approaches were pursued.
Firm’s D Customer Insights Manager explains: “Once recog-
nized the strategic relevance of DTs within our BM, we faced
a challenge in developing the different opportunities internally.
Then we decided to develop internally the ones that fit well with
our core competencies, while acquiring from external parties
the ones that are too costly or risky against our existing com-
petence base.” In particular, the platform for energy monitoring
and management was acquired by an external provider, while
the comfort management solution was internally developed by
exploiting the competence of a subsidiary company.

To exploit both DTs, Firm D embarked on several partnerships
to complement its internal know-how, such as those with soft-
ware houses and platform developers. In this context, technolog-
ical scouting activities to spot and identify innovative suppliers
that may enhance its offer assumed an increasing relevance.
Moreover, the firm focused on developing and updating the
optimization algorithms, which became more and more central
to the firm’s BM. These aspects affected the cost structure,
e.g., the costs borne to develop and continuously update the
optimization algorithms or acquire technologies.

To exploit emerging opportunities related to DTs, the firm then
decided to revise its value proposition, toward a more effective
and tailor-made offer of customized EESs by leveraging a deep
knowledge of its customers (based on data collected and ana-
lyzed). Contractual models offered did not record a significant
change.

E. Firm E

1) Traditional BM Outline: Firm E offered EES targeting
large energy-intensive players in the industrial and tertiary sec-
tors.

On the one hand, EESs offered to the industrial sector are
mainly focused on the production process and ancillary ser-
vices layout, which were usually proposed through guaranteed-
savings EPC. Although Firm E might finance energy efficiency
projects, customers usually provided the financial resources
needed; therefore, the impact on the firm’s cost structure was
quite limited. Revenues enjoyed by the company correspond to
a fee based on the level of energy savings achieved through the
energy efficiency intervention, while the energy savings were en-
tirely enjoyed by the end-user (who supported the investment’s
financial risk) till a specific energy saving target was reached
(while the eventual extra-savings were shared between the firm
and the customer). On the other hand, EESs offered to the tertiary
sector were mainly focused on plants installed within buildings
through turnkey contracts.

Customers represented strategic partners, especially in the
industrial sector, as long-lasting relationships were typically set
up, in which customers supported the firm in designing EESs and
reaching other customers through word of mouth. Moreover,
Firm E took on other partnerships with technology providers.
As far as internal resources are concerned, Firm E leveraged its
technical capabilities to carry out EPCs, by managing related
risks. Internal competences were also exploited to carry out
energy audits to identify energy efficiency opportunities and to

create a network of technology providers to identify the best
EES that fit with customers’ needs.

2) BMI Process Enabled by DTs: The digitalization trend
considerably affected Firm E’s BM. In particular, Firm E devel-
oped an energy monitoring and diagnostic platform that can be
integrated within customers’ information systems. The platform
suggests corrective actions to reduce energy consumption, by
leveraging Big Data analysis through which predictive hypothe-
ses on energy consumption patterns are formulated.

The digital platform was internally developed by Firm E.
In such an endeavor, the firm involved external parties, such
as research centers and universities, to complement internal
know-how. In particular, hackathons and start-up challenges
were organized to gather insightful external inputs to inform
the internal development of the platform. As a result, the cost
structure was affected by the platform development of as well as
training activities for human resources to exploit such platform.
Moreover, the continuous improvement of the energy platform
was reckoned to be a strategic activity to exploit the developed
DT, together with the Big Data analysis and the related predictive
models based on these analyses. Moreover, Firm E strove to
integrate its systems and technologies with the ones at the
customers’ premises, facilitating the interaction between these
systems and, in turn, reducing the costs of these interventions.

The exploitation of the DTs then pushed Firm E to enrich its
value proposition, by stressing the data-driven approach to bring
into light and evaluate energy efficiency opportunities. Instead,
customer segments did not record any major change, as Firm
E continued targeting large energy-intensive players in both the
industrial and the service sectors. Contractual agreements did not
record a significant change too; the same applies for revenues
streams, though they were positively affected by a stronger firm’s
brand reputation linked to the exploitation of the DT.

F. Firm F

1) Traditional BM Outline: Firm F offered traditional EESs
targeting small to medium-sized customers belonging to the
industrial sector. Energy efficiency projects were carried out
through both turnkey contracts and EPCs. Regarding the latter,
the firm typically offered guaranteed-savings EPC, enjoying
a fee based on the performance achieved through the energy
efficiency interventions. The impact on the cost structure was
relatively low, as customers were typically in charge for the
related investment. The firm then started proposing shared-
savings EPCs, in which it obtained a prearranged quota of the
achieved energy savings, while bearing the investment costs.
When offering shared-savings EPCs, financial institutions and
banks played a strategic role by providing the required financial
resources.

Focusing on key resources, the firm highly valued its financial
resources and the possibility to gather them from financial insti-
tutions. Among key activities, energy audits were crucial to spot
energy efficiency opportunities and increase energy efficiency
projects effectiveness. Furthermore, key activities referred to
EESs design. Lastly, when EPCs were carried out, monitoring
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and analyzing the energy consumption patterns were considered
as key activities, thus carried out through internal resources.

2) BMI Process Enabled by DTs: To leverage the digitaliza-
tion trend, Firm F decided to extend its offer with smart metering
systems to monitor energy consumptions and identify timely
corrective actions.

These systems were internally developed by the firm, through
the establishment of a small, dedicated team. To support the
design and development of such systems, Firm F also collab-
orated with external partners. Accordingly, the development
and subsequent exploitation of DTs increased the number of
suppliers and partners leveraged by Firm F, as both hardware
suppliers and software developers started to be considered as
crucial within the firm’s value architecture. In this scenario,
activities related to the analysis and monitoring of consump-
tion patterns were considered as strategic, as they allowed the
optimization of energy consumption through algorithms and
technologies based on the Internet of Things. The firm’s strategic
resources continued to include the technical competences of its
human resources (which are critical to design the technological
solutions offered), as well as financial resources. Moreover, part-
nerships with third-party companies for the commercialization
of the developed systems were put in place.

Smart metering systems were then integrated within a web
platform, which was acquired by a technology provider. Firm F
chose not to internally develop this platform, to have the chance
to select different suppliers over time to continuously update it.

The exploitation of DTs did not significantly affect the firm’s
value proposition, but it allowed the firm to strengthen its offer,
with a positive impact on revenues. For example, exploiting
DTs led to reducing the performance risk, especially when
implementing guaranteed-savings EPCs, which typically led to
higher energy savings. Regarding the cost structure, the expenses
borne for the staff and the personnel increased, as well as those
for the design, development, and update of the smart metering
systems.

G. Firm G

1) Traditional BM Outline: Firm G offered a large array of
EESs, which mainly targeted customers within the industrial
sector, especially through turnkey contracts.

In addition to collaborations with the technology providers,
which allowed the firm to select the most suitable EESs based
on customers’ needs, Firm G embarked on several partnerships
with other firms to jointly design and implement projects. Energy
audits and technical evaluations represented the most relevant
activities carried out by the firm. When shared-savings EPCs
were offered, the assessment of customers’ solvency and cred-
itworthiness assumed a huge relevance. Accordingly, human
resources played a critical role, as they represented the main
value-added asset of Firm G thanks to their technical compe-
tences.

2) BMI Process Enabled by DTs: The exploitation of DTs
only marginally affected Firm G’s BM. The only initiative
carried out by the firm referred to the development of a web
platform to monitor customers’ energy consumptions over time,

in order to bring into light energy savings opportunities (without
advanced capabilities such as Big Data analysis).

The web platform was developed by exploiting internal com-
petences, also with the support of an academic spin-off. Once
understood the potential benefits of this collaboration, even
beyond the development of the platform (i.e., to exploit it), Firm
G decided to hire the spin-off employees and involve them within
a brand-new internal business unit, with an impact on the firm’s
cost structure.

This initiative did not significantly affect the revenue streams
and the cost structure characterizing the firm. On the one hand,
it just represented an additional tool to better satisfy customers’
needs. The opportunities unlocked by the platform referred to the
analysis of energy consumption and, hence, the energy savings
obtained through an energy efficiency intervention, eventually
simplifying the procedure to require and obtain white certifi-
cates.

H. Firm H

1) Traditional BM Outline: The main customer segments
targeted by Firm H while carrying out energy efficiency projects
referred to large energy-consuming players in the industrial
sector as well as players in the tertiary sector.

The firm’s value proposition included enabling energy
efficiency and comfort improvement within a building or an
industrial plant. In the tertiary sector, the firm offered several
EESs to make buildings more efficient, including advanced
monitoring systems, mainly through turnkey contracts. In the
industrial sector, Firm H provided customers with traditional
EESs as well as more advanced monitoring systems (the latter
being associated to a very limited number of initiatives, mainly
through shared-savings EPC). The cost structure was strongly
affected by the investment cost borne to carry out the investment
through EPCs and the related financial expenses.

Firm H took on a strategic partnership with its mother com-
pany that produced facades and, hence, provided the firm with
some of the key technologies for the promoted energy efficiency
projects. Other strategic collaborations were in place with other
technology providers, which provided the firm with both hard-
ware and, particularly, software. Among key resources, human
resources were the most value-added ones, as each manager
or engineer’s competencies represented a critical resource in
Firm H’s value architecture. Human resources also played a
critical role in pushing innovation, which was typically managed
internally. In the industrial sector, the firm reckoned energy
audits as a core activity, as they represented a fundamental step
to identify the energy efficiency opportunities. In the building
sector, instead, comfort checks were characterized by higher
importance than energy audits. Indeed, through comfort checks,
Firm H could evaluate the current comfort level within a building
in a quick and nonintrusive manner and identify rooms for
improvement.

2) BMI Process Enabled by DTs: The firm started offering
(basic) digital-based solutions to its customers since its estab-
lishment; however, a deep exploitation of DTs started in the
last years by increasingly integrating DTs within its offer. This
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mainly happened through the development of a software based
on AI algorithms to improve the indoor air quality and another
software to optimize energy consumption patterns.

Firm H internally developed such DTs, also exploiting exter-
nal collaborations to complement its internal competences. Such
collaborations involved universities, research centers, firms be-
longing to the energy efficiency sector, and software houses.
Software and optimization algorithms are considered strategic
resources by Firm H to convey its offer, which in turn nurtured
the firm’s brand image. Accordingly, the design and devel-
opment of the optimization algorithms were key activities, in
addition to data analysis to increase the effectiveness of energy
efficiency projects, which implied a substantial spike in the
R&D expenses borne by Firm H, particularly related to software
development and update.

The exploitation of DTs pushed the firm to change its value
proposition, to properly emphasize (and share with customers)
the opportunities associated to DTs exploitation. Indeed, DT
exploitation led to higher energy savings, while reducing both
the costs associated to design and consultancy activities (which
became more effective and efficient, thus implying significant
benefits that could be partially shared with customers).

Following the revision of the value proposition, the firm
decided to change customer relationships too. Indeed, while
before the exploitation of DTs the firm needed to contact end-
users and propose its services, the stronger brand image due to
DTs exploitation increased the number of customers’ requests.
Nevertheless, to tackle the lack of awareness on these solutions
by many potential customers, the firm promoted some initiatives
to increase such awareness. As a result, Firm H succeeded in
unlocking further revenue streams by exploiting new contractual
forms (i.e., EPCs), as DTs positively affected the performance
and service levels offered by the firm.

V. DISCUSSION

An overview of the BMI process characterizing each in-
vestigated firm is reported in Table III, with reference to the
four BM pillars identified by Dubosson-Torbay et al. [30], i.e.,
product, customer interface, infrastructure management, and
financial aspects. In particular, numbers (from 1 to 4) refer to the
chronological order of the different phases of the BMI process
carried out by each firm; letters (“a” and “b”) refer to subphases
characterizing some phases, while the apostrophe indicates that
a specific subphase (e.g., 1a’) is the result of another one (e.g.,
1a).

First, the empirical analysis shows that the exploitation of
DTs affects the different BM pillars of investigated firms, even
those with a rather limited exploitation of such technologies.
Among such pillars, the infrastructure management is the mostly
affected one, since all the analyzed firms showed its evolution
to effectively exploit opportunities associated to DTs.

Interestingly, such pillar is the first one that is addressed by
firms while innovating their BM to exploit DTs. In particular,
two main activities carried out by firms can be identified, i.e.,
the acquisition of DTs and the following exploitation of such
technologies.

To acquire DTs, two different recurrent approaches emerge:
i) internal development, in which a firm mainly exploits in-
ternal competences and resources to develop DTs, even with
the support of external parties such as universities, technol-
ogy providers, and software houses; ii) acquisition, in which
a firm acquires DTs developed by external parties. This choice
is mainly affected by the availability of internal resources to
internally develop DTs. For example, Firm D implemented the
first approach for the comfort-related DTs and the second one for
the energy-related DTs. It is worth highlighting that, even though
ESCOs have not typically been in charge for the development of
traditional EESs, the interest toward DTs’ internal development
stems from the fact that they are perceived as a potential source
of competitive advantage. In this vein, some firms (e.g., Firms B
and G) decided to internalize external competences to develop
DTs by hiring university researchers, consequently to a positive
interaction with them. Furthermore, the cases show that firms
reckon DTs to be a strategic asset to offer enhanced services to
end-users. In fact, digitalization increased the relevance of data
analyses and data science activities to achieve energy savings.
Therefore, crucial importance is given to integrating DTs with
the systems already in place at customers premises, especially
when long-lasting relationships with customers are established.
Finally, algorithms and energy platforms undergo continuous
development and updates to increase their effectiveness over
time.

Then, the following exploitation of DTs, such as smart energy
management systems and digital (energy) platforms, typically
require further changes to the infrastructure management pillar,
in terms of key resources, activities, and partners. This occurs
as internal resources are typically not enough to successfully
exploit DTs. Therefore, firms are required to take on partnerships
and collaborations to expand its pool of available resources
and capabilities, as well as to create an internal unit aimed
at integrating internal and external resources and capabilities.
Such initiatives in turn affect the cost structure characterizing
the firms’ BM, regarding R&D costs (which refers, for example,
to the costs incurred to establish and nurture the interaction with
external parties), costs for human resources to be hired (as further
and skilled employees are needed to favor the exploitation of
DTs), and costs for the development and update of energy man-
agement software, platforms, and algorithms, which represent
novel (digital) key resources.

Among the analyzed firms, Firms A, F, and G are the only
three that are at this stage. Instead, the other cases show that the
redesign of the infrastructure management pillar is followed by
(at least) the redesign of the product pillar. Indeed, following
an initial phase when DTs are perceived as complementary
technologies (rather than a key factor for sustaining the firms’
competitive advantage), the other firms decided to display and
integrate DTs within their value proposition, to make customers
more and more aware of the opportunities unlocked by DTs ex-
ploitation. In some cases, such initiative determined an increase
of the revenues. However, on the one hand, additional revenues
are not comparable to the main streams; on the other hand, such
revenue streams did not typically require an amendment of the
revenue models exploited by firms (e.g., moving from turnkey
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TABLE III
OVERVIEW OF THE BMI PROCESS ENABLED BY DTS FOR THE SAMPLED FIRMS

contracts to EPCs). Among the analyzed firms, Firms D and E
are the only two that are at this stage.

Then, in two cases (i.e., Firms B and C) the redesign of
customer interface pillar follows, with reference to the targeted
customer segments (through which a firm starts to target new
market segments) as well as the customers relationship manage-
ment. For example, Firm B, which originally targeted players
in the industrial sector, leveraged DTs to target other sectors,
i.e., buildings owners (belonging to both the residential and

tertiary sectors). Instead, Firm C (being a utility as its core
business) started to target segments that it traditionally never
reached as a utility, and even modified the relationships with
its customers. Utilities, indeed, generally never interacts with
clients after delivering its offer. Vice versa, the presence of DTs
strengthened the relationship between the firm and its customers,
as a mutual effort is critical to deliver the DTs-enabled value
proposition. The consequent impacts on revenue streams typ-
ically refer to additional revenues realized through up-selling
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Fig. 1. BMI process enabled by DTs.

and cross-selling strategies, e.g., by allowing a firm to offer
more technologies.

Finally, in only one case (i.e., Firm H), the new customer
segments addressed as well as the better customer relationship
management enabled an amendment of the revenue models ex-
ploited by firms. Indeed, the increased service and performance
levels achieved through DTs enabled the firm to offer EPCs.

All in all, from the empirical analysis a common path followed
by the investigated firms in innovating their BM to exploit DTs
does emerge. In particular, the BMI process includes four stages,
as depicted in Fig. 1:

1) Redesign of the infrastructure management pillar (and
related impact on the financial aspects – with reference
to the cost structure).

2) Redesign of the product pillar.
3) Redesign of the customer interface pillar (and related

impact on the financial aspects – with reference to the
revenue streams).

4) Redesign of the financial aspects (with reference to new
revenue streams).

VI. CONCLUSION

A. Theoretical, Practical, and Policy Implications

Our study provides several theoretical and practical implica-
tions. From a theoretical perspective, we contribute to the BMI
literature [35], [36], [49] by showing how a specific typology of
technology, as DTs, may trigger BMI in the energy sector and
how this process unravels through different phases. In particular,
we show that DTs may push firms as ESCOs to transform their
BM starting with the development or acquisition of the needed

DT, on the basis of which the firm changes its value proposition
and, consequently, may address new customers or tighten the
relationship with existing one. This process also affects the
financial aspects, since costs and revenues are influenced by
the adoption and implementation of DTs and by the earnings
from new and existing customers. Accordingly, we identify an
archetype of DTs-enabled BMI in the energy sector that may
become the basis for further research on BMI in this peculiar
industry. Furthermore, by looking at the different stages of
the process through which firms as ESCOs can innovate their
BM, we also contribute to the extant studies that have been
focusing on the transformation of the BMs (e.g., [37] and [41]).
In addition, our findings also contribute to the emerging digital
transformation literature (e.g., [7] and [58]). In fact, we clarify
and provide evidence of the paramount role that DTs assume
nowadays in supporting firms in the energy sector improving
value creation, delivery, and appropriation, and how they can
actually trigger BMI. Indeed, the digital transformation process
is not straightforward and many difficulties could emerge (e.g.,
[11]). Accordingly, the findings of our study highlight how
ESCOs can effectively leverage DTs to enhance their business
activities. From a practical perspective, our analysis shows that
the DTs-enabled BMI by ESCOs follows a specific path that
may serve as an inspiration to firms transforming their BMs by
leveraging the adoption of DTs. Indeed, this path may represent,
for other firms in the energy sector, an ideal and effective process
to reconfigure their BM, hence these firms may use the spotted
archetype as a roadmap to effectively drive their BMI process. In
this way, firms can reduce frictions and inefficiencies that could
emerge during the BMI process. In addition, we recommend
firms to use these results as ideal inspiration, being prompt
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to adapt and revise them to match extant internal and external
conditions. Finally, our study is grounded in the energy sector,
being inferred from case studies of ESCOs. Therefore, the results
of this research could be leveraged by policymakers to define
supporting policies to facilitate the adoption of DTs by ESCOs
and ease their BMI, consequently increasing the effectiveness
and efficiency of their businesses to foster energy transition.

B. Limitations and Further Research

Our study is not exempt from limitations that can spur further
research. First, our analysis is based on Italian ESCOs. Hence,
to increase the generalizability of our analysis, further research
may investigate different institutional contexts. This may be
relevant to perform cross-industry and cross-national analyses
that may allow to spot the existence of context-specific factors
affecting DTs-enabled BMI. Second, nonetheless the study is
based on multiple case study, it would be interesting to validate
our result on an extensive sample. Further research could adopt
quantitative analysis based on a larger sample, to confirm the
theory we build in this research. Analyzing the effectiveness
and the efficiency of the archetypal path to BMI in different
conditions could be helpful, both from a theoretical and practical
perspective, to dig deeper into the different characteristics that
make firms more or less mature to innovate their BMs by
integrating DTs. Finally, more and more studies are analyzing
the micro-level factors that affect firms’ macro processes [59].
Considering the role of dynamic capabilities in BMI (e.g., [17]),
further analyses may assume this perspective and investigate
how factors at individual level may affect the firms’ dynamic ca-
pabilities and, consequently, the DTs-enabled BMI. This would
provide a clearer picture on the factors driving the effectiveness
of the BMI process.
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