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Abstract: Under the conditions of climate change and energy crisis stemming from the COVID-19
pandemic and the embargo on the supply of raw materials from Russia, high hopes are attached to
the development of renewable energy in terms of meeting energy needs. Still, renewable energy has
some drawbacks too. In the most dynamically growing solar and wind energy industries, the main
problems that are indicated include this energy storage and ensuring the security of supplies. These
are supposed to be solved by the digital transformation of renewable power generation plus the entry
of market players that implement digital business models in renewable energy. The purpose of the
article is to identify a framework “digital compass” of business models in renewable energy within
a group of solar and wind energy start-ups, operating in energy storage and supply industries. At
the base of this study there were: digital technologies, customer orientation, delivery of value and
revenue stream. The research algorithm applied here enabled the identification and classification
of startup business models based on secondary data using R software. The results show that the
identified startups implement digital business models to a minor extent. Startups dealing with solar
energy storage stand out in a quite positive manner. The low digital attractiveness of investing
in wind energy storage and supply (which, to a smaller extent applies to solar energy), is also
indicated the investment preferences of big-tech. Thus, the future of the digital transformation of
these industries should be related to regulatory changes rather than technological ones.

Keywords: digitalization; renewable energy; business model

1. Introduction

In the third decade of the 21st century, a new energy economy (NEE) is emerging,
where the key role is supposed to be played by digital technologies [1,2]. These technolo-
gies create new possibilities to collect, manage, and analyse large amounts of data more
efficiently [3], which in turn enables a certain energy shift from the traditional industry to
digital business. Particularly big challenges are posed in this respect for renewable energy.
In the environment of climate change [4,5] and the energy crisis of today, this aspect is
becoming even more valid. The slowdown in the replenishment of fossil fuel reserves,
which have not been completely replaced by unstable energy sources, is considered as
the very source of this crisis. A new momentum to accelerate the digitalisation of renew-
able energy is created by the economic sanctions imposed on Russia as a consequence of
its attack on Ukraine. The blockade on the import of raw energy materials from Russia
translates into the increasing public interest and operations of companies that invest in
renewable energy [6,7]. It is estimated that in Germany the increase of solar and wind
energy could cover as much as 80% of the country’s demand for electricity by 2030 [8]. Still,
it is necessary to increase the stability (i.e., independence from weather factors) of solar and
wind energies, the efficiency of their storage, as well as to better integrate them into the
existing power systems [9].

The renewable energy market and information technologies are combining, resulting
in the emergence of enterprises offering digital energy services (Utilities 4.0) [10]. Thanks
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to the economic potential, the platform model and digital competences [11,12] have already
found their place in this big-tech market [13]. The digitalization of the renewable energy
industry can also be considered as a sort of a market niche [14] that meets the needs of
customers eager to buy renewable energy [15]. Startups in this industry are introducing
new business models [16], however, to a rather limited degree if compared with the actual
needs of this energy industry [17].

The purpose of this article is an attempt to identify a framework “digital compass”
of business models in renewable energy. At the base of this study, there were: digital
technologies, customer orientation, delivery of value, and revenue stream. The empirical
analysis herein includes startups dealing with solar and wind energy, i.e., the energy
industry characterised by the greatest dynamics of growth dynamics within the group of
unstable energy sources. Data for the start-ups used in this analysis were collected from
the dealroom database [18]. The identification of the “digital compass” of business models
will enable us to answer the following questions: (1) To what extent do renewable energy
startups manage to implement digital business models, and if so, which ones exactly?
(2) Do renewable energy startups fit into the solution to the primary challenges faced
by the renewable energy industry, i.e., storage and integration of the distributed energy
sources to ensure supply security? As a complement to the principal research area, an
attempt has been made here to answer the question as to what degree do big-tech players
support digital startups in renewable energy, since it is big-tech that plays a key role in the
development of the digital economy.

The article begins with a discussion of the research methodology that consists of five
steps: (1) a review of literature concerning business models aimed at the basic features in
the network approach, (2) identification of: (a) the sectors that develop most dynamically
in the field of renewable energy i.e., solar and wind energy, (b) challenges for solar and
wind energy in terms of energy storage and integration of unstable and dispersed energy
sources, (3) collection and selection of data concerning renewable energy startups, focused
on solar and wind energy, that implement business models in terms of energy storage and
energy providers, (4) the collected and selected database created the basis for defining the
location of the target group of startups, defined at the final stage of the database selection,
(5) developing a synthetic/comprehensive overview of the typology of business models,
the so-called compass in solar and wind energy, in the section of the two industries charac-
terized by the most serious technological challenges concerning the storage and security of
supplies (energy storage and energy providers) using R software. Section 3 presents the
results of this study, including: (a) innovative business models and their implications for
the energy sector, (b) digitalisation versus renewable energy challenges, (c) startups in the
renewable energy sector, (d) big-tech in the renewable energy sector. Section 4 concludes
core results, and identifies further research questions. The issues addressed herein repre-
sent a part of the challenges that renewable energy is facing today. The applied research
algorithm enables us to pinpoint the digital gap in renewable energy. The gap in question
includes areas that require institutional support to increase the investment attractiveness of
renewable energy for new players of the digital market, within the conditions offered by
tools available on the market today.

2. Data and Methods

The research methodology includes the following five steps.
First, there is a review of literature concerning business models aimed at the basic

features in the network approach. The following issues have been addressed: (a) digital
technologies as a source of value, (b) customer orientation in which customers themselves
have increasingly worked as the creators of value, (c) delivery of value, (d) models of
revenue streams in digital startups. The above features can be adopted as the framework
indicators of digital business models.

Secondly, the following are identified: (a) the sub-industries that develop most dynam-
ically in the field of renewable energy, i.e., solar and wind energy, (b) challenges for solar
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and wind energy in terms of energy storage and the integration of unstable and dispersed
energy sources. This identification has influenced the selection of the research areas in the
empirical part.

Thirdly, data concerning renewable energy startups, focused on solar and wind energy,
that implement business models in terms of energy storage and energy providers, are
collected. The latter was preceded by the determination of a target group, i.e., start-ups in
industries (or sub-industries), in which business models were defined.

For these data from the dealroom database [18] and The International Renewable
Energy Agency (IRENA) were applied [19]. The first database was of the utmost importance,
since it links investors and dynamically growing companies, to provide information on the
latter, generally unavailable in any other sources, especially in the field of technologies used.
The research was based on data concerning the entry of new players to the energy industry,
being startups and the representatives of big-tech. This approach was taken due to the fact
that, in the development of renewable (low-carbon) energy, the so-called leaders are viewed
as the actual drivers of these changes. The other cause lies in various initiatives launched
by small players, also considered in the literature as social initiatives [20]. In terms of the
digital transformation supporting the energy market transformation, the former can be
viewed from the big-tech angle. Meanwhile, the latter are represented by startups that
create niches aimed at energy transformation.

The collection of data on startups in the energy industry to allow their identification
from the perspective of the framework digital business model included a number of stages
of the starting base selection, illustrated in Figure 1. Purposive and stratified sampling was
applied. The starting point was to extract data for startups from the energy industry as a
whole, and then to narrow the scope of their penetration. First, the focus was limited to
the sub-industries of clean energy, energy efficiency, energy providers, and energy storage.
Based on the identification of their operations, these can be deemed representative of
solutions particularly relevant to the energy transformation and the growth of renewable
energy (the scope of the research did not include industries present in the energy industry
of the Dealroom database, such as oil, oil and gas, and waste treatment solution). Then,
startups within renewable energy were selected, with a particular focus on solar and wind
energy. In the final stage, in agreement with the set purpose of the paper, the study area
was further limited to startups in solar and wind energy in energy storage and energy
provider industries.

The layer which led to the selection of the target group was the criterion of technolo-
gies applied in all the above sections. The identification was limited to the technologies
most frequently indicated by startups, considered as emerging, i.e., deep tech, artificial
intelligence, blockchain, deep learning, machine learning, big data, IoT, and connected
devices (each startup indicated more than one technology, and often omitted it, which
resulted in the fact that the summing up of the startup structure by technology does not
always give 100%). The collection and selection of data are shown in the following diagram.

Fourthly, the collected and selected database created the basis for defining the location
of the target group of startups, defined at the final stage of the database selection. This in
turn allowed the authors to define their role versus the background of the energy industry
as a whole, the above industries, and finally the technologies applied.

Fifth, a synthetic/comprehensive overview of the typology of business models was
developed, regarding the so-called compass in solar and wind energy in the section of the
two industries characterized by the most serious technological challenges concerning the
storage and security of supplies (energy storage and energy providers) using R software.
The R environment enabled the authors to design the research architecture and conduct
a statistical, multi-dimensional analysis which provided the basis for the graphical pre-
sentations in the form of data clusters and the classification of the phenomenon under the
research, including the business models [21,22]. The above were based on business model
components identified in the literature of the subject as the frameworks for digital models,
i.e., technology, customer orientation, delivery of value, and revenue stream. Simulta-



Energies 2022, 15, 4714 4 of 21

neously, considering the impact on the development of these technologies in the energy
industry of the big players, i.e., big-tech, business models were presented, implemented by
startups in which big-tech invested.
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Figure 1. Data collection and selection model. ES—Energy storage, EP—energy providers, W—Wind,
S—Solar.
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3. Results
3.1. Innovative Business Models—Implications for the Energy Industry

The business model concept is often analysed in the literature of the subject, defined
and classified in various ways [23–26]. In the most general terms, its essence is to define
the way a company or enterprise delivers value to its customers, encourages them to pay
for the value, and transforms their payments into its own profit [24]. New possibilities of
business model creation are connected with the introduction of Internet techniques which
result in the dynamic development of digital business [27]. The above means the transition
of the business model from the standard resource-based approach [23] to a model based
on network and ecosystem effects [28,29]. The more innovative and effective the model
is, the more value a given company captures for itself [30]. The source of the value can be
the factors which drive the development of a digital economy, including the Internet of
Things (IoT), Internet of Everything (IoE), cloud-based applications and services, big data
analytics, or artificial intelligence algorithms. The above narrative also covers Industry
4.0 business models which focus on streamlining the standard value chain by improving
automation and increasing operational efficiency [31]. In general, digital technologies can
be considered as either (a) value delivered to customers, (b) a digital tool that enables
fundamental changes in the operation of an enterprise [30]. The latter can be, for instance,
replacing a product with services, which stems from the intangible nature of any digital
product. In the digital economy, one can observe a significant growth in the number of
enterprises which implement e-models of business, creating and delivering value to their
customers via online channels [32].

Digital technologies provide a source of innovative B2B (business-to-business) and
primarily B2C (business-to-customer) models. In addition, they enable the creation of
new models with the customer at the centre. These are, for instance: B2B2C (business-to-
business-to-consumer) and D2C (direct-to-consumer) [33]. Thanks to digital technologies,
in these new business models, the customer is considered a prosumer, i.e., both a customer
and a creator of value [34,35].

The group of innovative business models includes the platform model. It is usu-
ally a set of subsystems and interfaces that all create the enterprise’s business ecosystem
(customers, partners, software developers, institutions) owned or merely used by the enter-
prise [36–38]. In the first scenario, it is a technology platform or a group of technologies that
constitute the basis for the development of other applications, processes, or technologies.
The virtual environment is created by a cloud, in which case the most widespread models
are: SaaS (software as a service), PaaS (platform as a service), Iaas (infrastructure as a
service) [39]. In the latter scenario, platforms create value by supporting the exchange
between two or more interdependent groups which would otherwise find it hard to locate
one another [40].

The search for new and innovative business models also takes place in the energy
industry. According to Doleski, the innovative model in this industry differs from the
traditional model: it expands its orientation on services by integrating dedicated digital
solutions [10]. At its core, there are products that have turned into complex systems. They
combine equipment, sensors, data storage, microprocessors, software, and connectivity in
a vast variety of ways [41]. This results in a growing number of digital energy products
which, in the power industry, are made available online in the form of data and information,
e.g., concerning the dispersed energy sources and their users [42,43]. The literature of the
subject provides different classifications of the archetypes of innovative business models in
renewable energy [15,44,45]. They are said to lead to the development of digital services in
the energy industry, better use of assets, as well as increased efficiency of the implemented
business models [17]. These classifications are based on a resource-based approach and
show an obvious dependence of revenue sources on regulation, not on the business model
applied [44]. The network-based approach of the business models is in agreement with the
attempted identification of energy platforms. According to Kloppenburg and Boekelo, these
can be: provenance platforms (which support energy flows by registering prosumers and their
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resources), community platforms (which cooperate with the dispersed resources and actually
direct energy flows), and access platforms (which enable consumers to buy, i.e., have access to
selected renewable assets; in this case customers can have specific financial benefits) [46].

In business models based on network effects and ecosystems, particular significance is
attached to revenue sources. These models are characterized by more potential sources [of
revenues] versus the traditional ones, and are easier to configure [47], especially in the case
of a platform [28]. In 2022, the group of the top five revenue models for startups included:
commission-based business model, i.e., a fee for providing a platform for transactions,
subscription business model, i.e., a fee for a periodic service, SaaS, i.e., a fee for software
use, arbitrage business model, i.e., one uses exchange rate differences from operations in
different markets, and finally advertising revenue model, i.e., revenues from advertise-
ment [48]. Studies performed to date concerning business models in renewable energy
have ignored the revenue streams.

3.2. Digitalisation versus Renewable Energy Challenges

A number of factors have contributed to the dynamic growth of renewable energy.
It is expected that this process may even gain strength with the entry of global Big-Tech
players into the renewable energy market [49]. They declare their eagerness to switch to
renewable energy completely [50,51] and sign contracts to purchase this form of energy for
their subsidiaries located in various regions of the world [52–55]. Between 2015 and 2020,
ICT companies accounted for approximately a half of global corporate procurements for
renewable energy [56].

Such a transition to renewable energy which is based on unstable energy sources
generates costs and creates new problems. Between 2010 and 2020, the total production
capacity of RES energy increased from 1,226,853 MW to 2,799,094 MW (growth of 128%),
while the number of devices connected to the grid globally increased from 16.2 billion to
23.5 billion (147%). The IoT, one of the technologies with the greatest growth (driven by
new technology standards, e.g., 5 G) saw an over 13-fold increase in size (from 0.8 billion
to 11.7 billion) [57], as shown in Figure 2. The International Energy Agency estimates
that investments worth approximately USD 17 trillion will be required globally over the
next 20 years, both in the new transmission and distribution networks and in emerging
technologies [58].

In this section, great hopes are attached to the entry of players from outside the
industry into the energy market, especially fin-tech’s financial support [59]. In 2020, the
largest global investor (on an industrial scale) in renewable energy was Amazon [60].

In renewable energy, the challenge, especially for the sub-industries most dramatically
growing in recent times, i.e., solar and wind energy, is to increase renewable energy stability.
In this section, three issues are addressed most frequently: (1) increased predictability
and the need for independence from weather factors [61], (2) storage of energy from
renewable sources [62], (3) integration with dispersed users-producers and the existing
energy system [63]. Even today, satellite data are applied for developing insulation forecasts,
whereas satellite mapping and LIDAR (light detection and ranging) tools enable a more
efficient design of the entire sun- and wind-based energy systems. Thanks to sensors with a
new, higher level of control (e.g., drones, laser measurements), the amount of data provided
by PV systems and wind turbines is growing exponentially [46]. This translates into an
increasing demand for analytical solutions for large data sets in the energy industry.

The problem of energy storage concerns primarily PV and wind energy, which ac-
counted for the greatest dynamics of growth in the recent period (2010–2020) (approximately
16.2-fold and approximately three-fold growth, respectively) [64], as presented in Figure 2.
The dynamic development of battery technology is linked with decreasing battery costs [65].
However, renewable energy storage capacity still does not meet the needs. This applies
particularly to electricity. The largest, but still small, storage capacity of this form of energy
is recorded for water turbine plants, which still represent the most significant source of
renewable electricity in the world (about 94.6% in 2000 and 62.1% in 2019). Between 2010
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and 2019, the storage of energy in pumped storage power plants accounted for between
approximately 3.1% and 2.6% of the world’s total hydropower generation, as shown in
Figure 3. Furthermore, new research shows that the massive storage of renewable energy
increases CO2 emissions [66].
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The penetration of nondispatchable PV and wind power is estimated at the level of
20% and 30%, respectively [67]. The situation can be improved with flexible renewable
energy storage systems [68], as well as more efficient analytical tools and the application of
artificial intelligence algorithms [69] for the real-time management of energy systems. The
digitalisation of energy management is also associated with lower losses in transmission,
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and thus lower costs [70]. The future success in this respect depends on large platforms,
and not only the implementation of digital tools by energy enterprises [67].

3.3. Startups in the Renewable Energy Industry

Digital transformation is also the result of startups being involved in digital technolo-
gies. This especially applies to those startups whose ideas and technological solutions
provide the optimum answer to the challenges that the energy industry is facing. A man-
ifestation of this is, i.a., the growing number of startups that apply virtual reality in the
energy industry [71]. Moreover, they are interested in AI, machine learning, deep learning,
and blockchain [15].

The global number of startups and scaleups that have targeted their operations to
activities directly related to the energy industry, found in the Dealroom database [18], was
50,927 in January 2022. The clean energy, energy efficiency, energy providers, and energy
storage sub-industries accounted for 7954 startups (i.e., 15.6% of the total number). Renew-
able energy was represented by 2645 (5% of the total number) startups, including solar and
wind energy, by 2234 and 331 (4% and 1% of the total number) startups, respectively.

Unfortunately, the digital technologies applied in their business models are rare. The
most widely used are deep tech, artificial intelligence, blockchain, deep learning, machine
learning, big data, IoT, and connected devices. The number of startups in the energy
industry involved in at least one of the above solutions was only 3262, i.e., less than 6.4% of
the total number of startups in the industry. Simultaneously, among the four energy sub-
industries shown above, they accounted for 16.6% (1322 within a group of 7954) and directly
in renewable energy: 386 (15% of the total number). Their greater technological involvement
in the energy industry as a whole can be observed primarily in the energy efficiency and
storage sub-industries rather than in the clean energy sub-industries, particularly in energy
suppliers (Figure 4).

Although technologies, such as IoT/IoE, big data analytics, AI, and machine learning,
are considered as digital development drivers of the energy industry and as those which
shape business models, among the potentially usable technologies, the identified startups
mainly indicate the application of deep tech (13.9% in the four above sub-industries). Thus,
startups focus on a single technological option, which is also reflected in other research [45].
In addition, companies based on deep tech create their value primarily by developing new
solutions and not merely by modifying the existing business models. They are characterised
by a high impact (on their environment), long time to reach market maturity, and significant
capital requirements. This technology plays the most significant role among startups in
energy industry, such as storage (19.7%, which indicated the application of at least one
technology out of their total number of 953), followed by IoT, and finally AI, as illustrated
Figure 4. It is worth stressing here that in the sub-industry, significant for the energy
transformation, i.e., energy providers, represented by 1258 startups, technologies are much
less important than in the energy storage sub-industry. In the latter case, fewer than
5% subjects indicated deep tech and about 3%—respectively AI and IoT, while the other
technologies, also significant for the industry, in the form of connected device, proved to be
the area of involvement for about 1.4% of the total indications.

In terms of renewable energy, in particular solar and wind, it is worth noting that the
vast majority of companies were startups dealing with solar energy (2234 out of 2645 of
total RES, i.e., 84.5%), followed by wind energy with merely 12.5% of the total pool. The
interest of startups in other RES sources (e.g., geothermal energy, hydropower, marine,
energy, or biomass) is negligible. Within solar energy, the majority of the subjects focused
their operations on clean energy (1424 out of 2234, i.e., 63.7% of the total), while the interest
in energy storage and providers was significantly lower (102 startups, 4.5% of the total; and
296 startups, 13.3% of the total, respectively).

The majority of startups that apply at least one of the above technologies in terms of
RES-based energy operate in the field of solar energy (81% of the total number of startups
that use technologies in RES), primarily in clean energy and efficiency industries. Still, they
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account for 14% of the total number of startups in solar energy, whereas in wind energy startups
applying at least one technology account for 23% of all wind energy startups; see Table 1.

The majority of startups in solar energy use deep tech (276 startups out of 312 that
indicated the application of at least one technology out of a total of 2234). A few more
such startups are found in solar energy delivery rather than in storage, but still, it is in
storage that their share is slightly higher (respectively 15 and 11 out of 296 and 102 of total
startups in solar energy). The application of the other technologies is significantly lower.
Among these technologies, AI and IoT are a bit more significant. Apart from clean energy,
the above applies to energy storage (eight and 10 startups, respectively), while in the case
of energy providers their application is lower (five in AI and six in IoT, respectively), as
illustrated in Figure 5.
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Table 1. Energy startups applying at least one technology (Emerging Technology) by sub-industry.

Industry Number of Startups Energy CE EF ES EP

RES (ET) 386 221 94 21 24

Solar (ET) 312 171 73 19 23

Wind (ET) 75 50 26 1 3

Share

Total (ET) in total 6% 13% 25% 24% 8%

RES (ET)
in total using ET 12% 34% 13% 9% 24%

in RES 15% 13% 25% 19% 7%

Solar (ET)
in RES using ET 81% 77% 78% 90% 96%

in solar energy industry 14% 12% 22% 19% 8%

Wind (ET)
in RES using ET 19% 23% 28% 5% 13%

in wind energy industry 23% 20% 59% 20% 11%

CE—Clean Energy, EE—Energy Efficiency, ES—Energy Storage, EP—Energy Providers, ET—using
Emerging Technology.
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Figure 5. Startups in solar energy by technology and sub-industry in January 2022. Source: dealroom
data-based study.

The total number of startups in solar energy dealing with at least one of the technologies
in question was 19 startups in energy storage and 23 in energy provision, i.e., 90% and 96%
respectively in the total group of subjects using RES technologies.

A significantly smaller number of startups operating on the basis of at least one
technology is characteristic for wind energy. Only 65 startups (out of 75 that declared
the application of at least one technology) out of 331 indicated their use of deep tech.
This technology dominates in such sections (sub-industries) as clean energy and energy
efficiency. In the energy storage and energy providers sub-industries deemed as key
for the energy transformation, the application of this technology, as well as others, is
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negligible (Figure 6). In total, modern technologies in these two energy sub-industries were
represented by only four startups: three in energy supply and one in energy storage.
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Figure 6. Startups dealing with wind energy by technology and sub-industry in January 2022.

In conclusion, the significantly higher interest in technology shown by startups in
these sub-industries is characteristic of solar power, with the predominant application
in the supply area (in numbers) and a generally higher relative share in energy storage.
Moreover, worth noting is the negligible number of startups that apply connected device
technologies, significant for operations within any platform system (seven in solar power
and zero indication in wind power).

Considering the initially posed research questions, it becomes important to specify the
business models used by startups that apply at least one of the above technologies found in
solar and wind energy in storage and providers sub-industries (19 startups in storage and
23 in the energy providers in solar energy, and one and three in wind energy, respectively).

The identification of these digital business models was performed according to the
adopted research algorithm, while referring to the purposive research sample described
above. The results are presented in the sections shown below which make the key compo-
nents of the digital business model:

(1) Technology: Deep tech is of primary importance in solar energy, being slightly less
significant in IoT (respectively 57.9% and 52.6% of indications by startups in the
storage sub-industry, while 65.2% and 26.1% in the providers sub-industry). As it can
be construed from the figure, the other technologies are applied (regardless of the
sub-industry) rather sporadically (Figure 7).

In the case of wind energy, a too small sample was used to draw any conclusions as to
the technologies applied.

(2) Target customer. The business models in solar and wind energy applied by startups
using at least one of the above technologies are primarily B2B models (i.e., 96% of the
total subjects in solar energy, storage sub-industry, and 64% in the energy providers
sub-industry, and by all the few subjects in wind energy), as shown in Figure 7. With
regard to the models in the energy industry as a whole, the above means that B2B
models are frequently found in the solar energy and energy providers sub-industry,
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while in the energy storage sub-industry the percentage using the B2B model is lower
than the average in this energy industry, as illustrated in Figure 8.

(3) The type of services provided. Due to the specific features of the identified startups
(the application of digital technologies) and the limited nature of the database used
for the research, the authors focused on indicating the scope of the SaaS service. The
analysed start-ups to a relatively small degree fit into SaaS-based models, although
the solar energy storage sub-industry stands out quite positively in this regard against
the entire energy industry (37.5% of the total in this industry, with a much smaller
percentage of startups, 3.5% in the solar energy providers sub-industry). Considering
a negligible number of startups that apply at least one of the above technologies in
these two sub-industries, such a model in wind energy is implemented by two out
of three subjects in the energy providers sub-industry and is not found at all in the
energy storage sub-industry.
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(4) Revenue stream. Most of the startups in the identified group in solar energy base
their revenues on subscriptions or commissions. In the energy storage sub-industry,
they accounted for 55.6% of the startups within the group that applies at least one
technology. About 44% subjects indicated commission as their source of revenue.
In the energy providers sub-industry, the opposite situation was observed, with the
majority of subjects indicating commission as their revenue stream (61.5% of the
total number), followed by subscription at 46.2%. The sale of the company’s own
resources and advertising were much less important in both sub-industries (about 22%
and 11% respectively in the storage industry and 7.7% each in the providers industry).



Energies 2022, 15, 4714 14 of 21

In wind energy, in the small group of startups that apply at least one technology, the
actual identification of revenue sources was recorded only in the energy providers
sub-industry. As their revenue sources, these start-ups indicated only subscription
and commission. In the revenue model of the “technological” solar sector startups
as compared to the energy industry as a whole, subscription prevails in both sub-
industries under analysis, especially in energy storage (55.6% vs. 16.9% in this energy
sub-industry and respectively in the energy providers sub-industry: 46.2% vs. 25.7%).
Commission, in turn, is a more frequently indicated source of revenue in the discussed
energy sub-industries as a whole than in solar and wind energy. Simultaneously, in
the energy industry, the sale of the company’s own resources is indicated by startups
(right after subscription) as their source of revenue more frequently than commission.

(5) Manner of provision (online, offline). The actual provision of customer value in the
group of startups in solar and wind energy indicates the traditional business models.
The above confirms the previous observations concerning the infrequent application
of digital technologies and the focus of the provided services on selling manufactured
goods and services to customers (manufacturing).

3.4. BigTech in Renewable Energy

The 21st century is the era of the platform economy, in which the leading role has been
attributed to big-tech. Big-tech players are present in almost all market segments, including
the energy market [12]. Platforms related to the energy industry do not focus only on
energy but operate at the borderline between energy and other industries. A relatively
large number of these entities operate in financial technology (i.e., FinTech), transport,
software for enterprises, and the Internet of Things (IoT) [72].

The energy crisis has accelerated the attempts to find new opportunities to develop
renewable energy and improve its efficiency. Big-tech has been actively involved in these
works. The leading players in this field are Microsoft, Apple, Facebook, IBM, Amazon, and
Google, the so-called G-MAFIA, which monopolises the global economy [73]. They are
investing in various fields of the energy industry. Their aim includes financial benefits [74]
and/or creating their pro-environmental image as, i.e., greenspinning [75]. The company
size [76] and the declared CSR are conducive to environment-friendly investment strategies.
The most common projects here are implemented in the field of solar and wind energy on
an industrial scale, often combined with the storage of the generated energy [51,77–79].
Moreover, providers to big-tech players are expected to take a shift towards renewable
energy [80]. At times, these actions are considered as building a corporate image. For
instance, Apple has declared their transition to a zero-carbon economy [81], whereas Apple
data centres run on 100% reliable local utility power, to a large extent fired with coal (e.g.,
in China) [82]. Additionally, the clouds hosted by Amazon, Google, IBM, and Microsoft
offered for public access, despite their operators’ declarations, are not completely green [83].
Still, these platforms meet the challenges that NGEs face, i.e., managing the increased
potential in the conditions of the volatility (in supply as well as demand) of the energy
equation [84]. An example here can be Amazon Web Service, which provides companies
from the energy industry with a basis (cloud-based) to transform their complex business
and operational systems [85].

Big-Tech players invest in innovative startups and acquire those which show high
growth potential [86]. The Dealroom database shows that out of the total of 50,927 startups
in the energy industry, big-tech companies have engaged in merely 59. The largest investor
here is Google (33 startups, including 12 in the above four sub-industries of key importance
for the energy transition, i.e., clean energy, energy efficiency, energy storage and energy
providers). Smaller investment interest is shown by Amazon (the company invested in
16 startups, including nine in the above industries) and Microsoft (eight and three startups,
respectively). No investments of this kind were reported by Facebook, whereas Apple
and IBM have invested in a negligible number of startups (two and one, respectively). In
the energy storage and energy providers sub-industries, only seven startups in total have
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become the subject of big-tech’s investments, of which Amazon invested in four startups,
followed by Microsoft, in two, and Apple in one (see Table 2). It is worth mentioning here
that solar energy was the subject of the investment interest of only Microsoft (1 startup).
Not a single big-tech investment in wind energy has been found.

Table 2. Energy startups in the energy storage and energy providers industries in which G-MAFIA
has invested (accessed on 2 March 2022 [18]).
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The majority of the startups in which big-tech players have engaged based their model
on deep tech. While engaging in the energy transformation, they focused their operations
primarily on business-to-business (B2B) customers. Most of them obtained their revenues
mainly from commissions. Simultaneously, these startups, unlike the ones identified in the
target group of this research, performed only industrial operations, basically limited to the
manufacture of products sold to customers (manufacturing). The above means their lack of
involvement in SaaS solutions, specific for the digital business model.

4. Conclusions and Perspectives for Further Research

The third decade of the 21st century marks a period called the new digital economy
(NDE) [87]. In the area of energy, the idea is to be reflected in the NEE, to be accompanied
by the entry of digital enterprises into the energy market. These enterprises implement
digital business models based on a network approach, which, for the sake of this research,
were limited to the following four elements: digital technologies, customer orientation,
delivery of value, and revenue stream. With the entry of digital companies into the energy
market, a great deal of benefits is expected in renewable energy, especially solar and wind
industries. Recent investments in this market segment have frequently been of industrial
nature, but are performed in the conditions of the still present challenge of their storage and
an integrated supply system that would guarantee the security of this storage. The research

https://www.buffalogrid.com/
https://www.amogy.co/
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performed in the group of startups in the renewable energy industry, within the scope
expanded to include big-tech’s investment directions, question the appeal of renewable
energy for new digital players. The above is proven by the small number of startups in
the renewable energy industry (5% of the total number of startups). Their interest in new
technologies is equally low (15% of the total from RES). Similar observations apply to
handling issues related to storage and supply. Thus, the significantly higher number of
technology startups operating in solar energy than in the wind energy industry failed
to translate into a correspondingly high interest of the subjects in the energy storage or
energy provider industries. However, it is worth pointing out that they accounted for
a significantly bigger share in the total number of solar-industry startups active in the
energy storage industry. The startups used, in particular, deep tech solutions. The other
technologies, especially those required for ensuring the stability of supply from dispersed
sources and for energy storage were of negligible importance. Those startups that engage
in modern technologies combine them with participation in energy projects aimed at
increasing efficiency (using less energy to provide the same energy level by means of
energy-saving technologies, smart grid, energy-efficient buildings) as well as the so-called
clean energy (reduction of CO2 emissions by improving energy efficiency and the use of
environmentally friendly resources or activities), whose scope is not limited to renewable
energy sources as such.

The low rate of digital technology application makes one think: to what extent do
startups in renewable energy really implement digital business models? The findings
from the authors’ own compass of business models in solar and wind energy in the two
sub-industries, i.e., energy storage and energy providers, show that the degree of their
digitalisation is negligible. The vast majority of the subjects operated like traditional energy
companies, i.e., in the B2B model, offering their business partners manufactured/provided
goods and services (manufacturing) using offline delivery method. Against this back-
ground, as it was already indicated above, the business models in solar energy and energy
storage stand out as a bit more favourable. To some degree, this results from a significantly
higher growth rate of investments in solar projects vs. wind ones. The research also con-
firms the fact that startups in renewable energy, like other companies of this kind, base
their revenues on subscription or commission schemes.

The role of big-tech seems ambiguous when it comes to its assessment along the path
towards the digital transformation of the energy industry. First, it is associated with its
growing degree of privatisation [20]. In 2021, Amazon became the largest corporate buyer
of renewable energy in Europe [77]. However, in the US, the leading technology behemoths,
including Amazon, Apple, Facebook, Google, and Microsoft, accounted for 38% of the total
renewable energy contracts concluded between 2015 and 2020 [88]. Experience from the
other industries shows that, in the long term, this can result in big-tech players taking on
a greater role than the state itself, bearing in mind the utmost significance of this market
for every country [73]. Furthermore, the appearance of new players from outside of the
industry may entail the decline and fall of the established, traditional business models [89]
and, in consequence, hamper the transition to sustainable energy systems in many regions
of the world [20]. Second, the empirical research shows that big-tech players fail to show
their interest, as it is the case in other innovative economic industries, in financing or
purchasing startups operating in solar and wind energy which aim at improving the
efficiency of energy storage and provision. This is an indirect proof of these startups’ low
appeal. The latter aspect could change if big-tech companies supported the startups with
their digital competences instead of limiting their actions to manufacturing only.

In conclusion, the expansion of digital technologies in renewable energy leads to a
more dynamic energy transformation as well as to a proliferation of entities that apply new
business models [90]. Still, the extent of these changes is slow and also conditioned by cer-
tain non-technological factors. According to other research, business models in renewable
energy are deeply rooted in the frameworks of politics and regulations. In solar energy,
these are, among others, tariff policies. The existence of capacity remuneration mechanisms
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established by regulators and legislatures play an important role in the distribution of
energy [44]. Therefore, an important research question that emerges is not how digital
tools are changing the business models in renewable energy, but rather why these tools, so
available and widely applied in other industries, are not used in renewable energy?

It seems necessary to improve the conditions for business model innovation, especially
for start-ups and new entrants. The tools in the section are grants and funds available for
start-ups, funded mentors, a number of organizations that bridge start-ups and industry,
and a number of policies promoting innovation [91]. The rapidity and stability of the
energy transformation depend largely on the adaptation speed of the regulatory framework
and on the ability of market players to develop appropriate business models.
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