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a b s t r a c t

There is a global goal to reduce carbon emissions and create a more sustainable world. Over the past
decades, a growing share of renewable energy resources have been developed to reach this goal. Due to
their intermittent nature, these resources make it more difficult for an electrical grid to remain stable as
it is designed for slow-reacting, constant, and predictable power plants. This issue can be solved through
energy storage for load balancing without using power plants for this operation, and with a reaction time
that is much faster than conventional power plants.

The implementation of energy storage seems inevitable for a more sustainable future. Still, this market
has only slowly started to move in the right direction, with implementation on both large- and small-
scale applications awaiting their first successes. An innovative business model may be key to this suc-
cess. This study investigated how business model innovation affects firm performance in the energy
storage market, by measuring firm performance on firms acting in the energy storage market. Four cases
were investigated: two large-scale applications using grid-level solutions and two small-scale applica-
tions on the consumer level. Results show that business model innovation affects firm performance in
the energy storage market. With current legislation limiting a true new value proposition, for large-scale
applications, the business model innovation with an efficiency design theme results in higher environ-
mental performance and, therefore, increased customer satisfaction. For small-scale applications, a
business model innovation with a complementarities theme results in increased numbers of partner-
ships, customer segments, and channels, contributing to higher customer satisfaction through a more
complete and innovative product-value proposition to the customer.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

The global temperature has increased by 0.8 �C over the past 120
years, and the increase could be 6.5e8 �C by 2100, at least if this
trend continues [1]. The Paris agreement of 2015 aims to hold the
increase in the global average temperature towell below 2 �C above
pre-industrial levels and is pursuing efforts to limit the tempera-
ture increase to 1.5 �C [2]. As a consequence, the greenhouse gas
emissions, caused by the use of fossil fuels, need to be reduced [3].
With a growing global population and growing consumption of
energy, it is also essential to ensure a steady and sufficient energy
90, 4530 AB, Terneuzen,

(M. Hamelink), Raymond.
nakker).
supply [4]. To meet these challenges, several ways have been
identified to provide electricity service needs without high emis-
sions, typically by using forms of renewable energy, which are eco-
friendly, and improve energy efficiency [3,5,6]. We are seeing the
electricity production from renewable resources increasing all over
the world. In Europe solar, biomass and wind farms will play a key
role in increasing the share of renewable energy in the coming
years, as stated by Locatelli, Palerma, and Mancini [7]. Scenarios for
a 100% renewable powered Europe are now slated for 2050. How-
ever, whether renewable resources can provide sufficient energy
remains to be seen. Due to their intermittent nature, significant
backup electricity generation is needed for periods of low pro-
duction from renewable sources, even if renewable resources cover
100% of the demand on average [8]. The combination of delocalised
electricity production and the introduction of these fluctuating
renewable sources increases the difficulty of stabilising the
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electrical grid, mainly due to a supply-demand imbalance [9].
Energy storage is a key element in balancing supply and demand

[10], as it allows electricity production to be uncoupled from the
supply. In this way, this technology is ideally suited to increase
energy flexibility [5]. The availability of large-scale electricity
storage capacity would allow building for sufficient generating
capacity for the average electrical demand rather than for peak
demand. In theory this could result in 40% less generating capacity
of a typical power plant than otherwise required, which could
result in considerable financial savings in quick-reacting peak or
intermediate power plants [9,11]. The function of energy storage
lies in a bidirectional transformation process where the electricity
is first transformed into a storable form of energy and later the
stored energy is recovered as electrical energy, with acceptable
efficiency losses in both steps. In a strict sense we can not see en-
ergy storage as a form of electricity generation, but more as a
flexible adjunctive to all the resources available in the electrical grid
that can contribute to its reliability and efficiency [12]. Van der
Linden [11] explains that the storage of energy will significantly
change the energy industry for better utilisation of resources, sys-
tem efficiency, lower emissions, reliability and security. This can be
realised by small-scale (isolated, home-based battery energy stor-
age [13]) or large-scale systems (network, industrial or grid based),
which store energy in mechanical, chemical or thermal form [9].
The rapid growth of advanced energy storage technologies is
accelerating the transformation of the energy storage industry into
a relatively independent and strategic industry [4]. This trans-
formation to a more strategic industry will likely have an influence
on the business models of firms acting in the energy storage mar-
ket, since a business model can be used as a tool that makes the
strategic choices for a firm and creates sustainable competitive
advantages in a defined market [14]. With value creation and value
capturing as its most important functions [15], it can be expected
that a change in the business model is necessary as the change from
purely electricity production to an additional service in energy
storage requires different ways create and capture value; from
converting different resources to electricity, to also buying and
selling electricity based on the supply and demand in the electrical
grid. Johnson, Christensen, and Kagermann [16] addresses the
importance of taking a good technology and wrapping it in a great
business model, especially when there is an opportunity to capi-
talise on an innovative technology by wrapping a new business
model around it. Today, innovation must include business models,
rather than just technology or R&D [15]. Business model innovation
can be defined as ‘the discovery of a fundamentally different
business model in an existing business’ [17], or as ‘the search for
new business logics of the firm and newways to create and capture
value for its stakeholders’ [18]. Business model innovation involves
discovering and adapting fundamentally different forms of value
proposition, value capturing and value creation to an existing
business and seems to be important for firms since it influences
their competitive position and chances of survival, as stated by Velu
[19]. Velu [19] finds a robust relationship showing that new firms
are more likely to survive longer when adopting incremental and
radical business model innovations, compared to firms that adopt
moderate business model innovations. As a relatively young tech-
nology [4,7,8,12] the energy storage market, as any emerging firm
or market, had to define its business model in ways to create value
and capture it. It can be expected that this defining process requires
some degree of business model innovation as a result of a tech-
nological innovation that created a new market, as described as an
opportunity for business model innovation [15,16,20].

It remains unclear how business model innovation affects the
energy storagemarket, even though the change from production to
storage seems to require such a change in business models. This can
be especially expected for large-scale storage plants that use energy
storage as an adjunctive service to electricity production and used
to have a business model purely based on the production of elec-
tricity. With the continuous growth of renewable production of
electricity and the need for stability and reliability of the electrical
grid, energy storagewill becomemore andmore important for both
industry and consumers [8,9,12,21], which will result in further
market growth and more new firms. This paper investigates the
current expectations on how business model innovation affect firm
performance in the energy storage market, which is measured via
firms acting in the energy storage market. When a firm starts
(exploiting and) offering energy storage to their customers this
leads to a business model innovation, as it changes the value
proposition of the business model at the least. This probably
changes other elements of the business model as well. The aim of
this study is to investigate what influence this specific kind of
business model innovation has on firm performance, with as a
moderating variable the scale of the energy storage application
(grid-level or isolated applications).

This paper combines literature and case study research on both
energy storage and business model innovation to contribute to the
knowledge gap on this subject and additionally provide insight for
the energy storage market on how business model innovation is
used to influence firm performance.

This paper can also contribute to a better understanding for
managers of 1) how business model innovation is important for the
energy storagemarket and 2) howa growing energy storagemarket
has both financial and environmental benefits in removing barriers
for further use of renewable energy resources.

A recent study byGronum, Steen, and Verreynne [14] shows that
the link between innovation and firm performance is not
straightforward and that managers who make coherent choices in
the context of the business model are better at realising the per-
formance benefits of those innovations. Gronum et al. [14] mention
that business model innovations that extend across a broad array of
business model elements [22] positively affect firm performance
when included in a business model designed to focus on specific
value themes. The study shows that “business model design does
not require radical, discontinuous and game-changing innovation
to positively affect firm performance”, and that “incremental in-
novations can positively affect impact on firm performance if they
are coherent with business model design themes” [14]. Velu [19]
adds to this that both radical and incremental business model in-
novations increase the firm’s chances of survival. Radical in-
novations create new markets, while incremental innovations are
more easily adopted by the market. From this, proposition 1 can be
formulated:

P1. The use of business model innovation in the energy storage
market results in a higher firm performance, if the innovation is
coherent with business model design themes such as novelty, lock-
in, complementarities and efficiency, and is incremental or radical
by nature.

Van der Linden [11] explains that the storage of energy will
likely significantly change the energy industry for better utilisation
of resources, system efficiency, lower emissions, reliability and
security. This can be realised by small-scale (isolated, home-based)
or large-scale systems (network, industrial or grid based). Taylor,
Bolton, Stone, and Upham [23] state that there are many technol-
ogies to store heat or electricity as forms of energy storage. The
most successfully currently are the large-scale electricity storage
technologies that may lead to lock-in to a centralised pathway
instead of a decentralised form of energy storage at the user-level,
mostly due to the lack of R&D on the latter. “The public attitude
towards energy storage could be crucial in determining the future
deployment of energy storage, but to date little or nowork has been



M. Hamelink, R. Opdenakker / Renewable Energy 131 (2019) 120e127122
undertaken in this area” [23]. Large-scale or industrial application
of energy storage is likely to be viewed in similar ways to other
industrial installations, and deliver to businesses while micro-
storage, or consumer appliance, needs to satisfy many of the
criteria that are associated with consumer devices, such as
“affordability, controllability, performance, aesthetics and the fit
with other domestic or work habits” [23]. This view of energy
storage as a consumer device that needs to satisfy on many criteria
could mean that the value proposition for suppliers has not
changed as dramatically; it canmore or less be seen as an additional
product or even service for active consumers with its own renew-
able generation, such as solar panels, and not yet for the grid-level
peak-shaving capabilities of energy storage [21]. Due to this fact, we
expect that energy storage from suppliers on consumer level will
remain at a fairly low degree of business model innovation, while
large-scale applications show more radical business model in-
novations in the additional service on the market found in grid-
level energy storage. With this in mind we can formulate the sec-
ond proposition:

P2. Large-scale, industrial applications of energy storagewill use
a high degree of business model innovation, as energy storage is
seen as an additional service instead of a consumer product.

This brings us to the conceptual model in Fig. 1.
2. Methodology

2.1. Data collection

As the research question in this study is ‘how business model
innovation affect firm performance in the energy storage market’,
we used a qualitative research approach. Qualitative research is
about research that produces findings not arrived at by means of
statistical procedures or other means of quantification [24].We also
used a case study research design, within the qualitative approach
[25]. According to Yin [25], case study research is preferred when
“how” or “why” questions are used, the investigator has little
control over events (which means that the researchers did not
intervene in the situation), and the focus is on a contemporary
phenomenon within a real-life context.

With a case study design, this research provides amore in-depth
view with a lower number of research units (according to [26] no
more than four to five cases), especially when interviewing in-
dividuals within the case organisations. By interviewing the energy
storage provider, we tried to gain a complete view of how business
model innovation affects firm performance and the relationship
between the provider and its stakeholders. For the interviews, we
used semi-structured interviews, whereas a semi-structured
interview is a qualitative method of inquiry that combines a pre-
determined set of open questions (questions that prompt discus-
sion) with the opportunity for the interviewer to further explore
particular themes or responses [27].

The report and document research is conducted on available
documents from the provider and its stakeholders, which can
provide insight into how business model innovation affects firm
Fig. 1. Conceptual model. P1: Proposition 1. P2: Proposition 2.
performance. The documents investigated include financial, envi-
ronmental, social, and customer satisfaction reports. This data is
collected in order to comply with the definition of firm perfor-
mance grounded in the stakeholder theory of Freeman [28], as
proposed by Santos & Brito [29]. By conducting semi-structured
interviews and studying relevant reports from the organisations,
the research reaches triangulation. Triangulation in research is the
use of more than one approach to research a question. In this way,
confidence is increased in the findings [30].

We selected four cases; Yin [25] explains the importance of
having at least two or more cases to replicate the results. As the
moderating variable is the scale of the energy storage application,
we used two cases involving large-scale energy storage and two
cases involving small-scale energy storage. The cases were selected
using the criteria given in Table 1.

The above selection procedure resulted in four cases, which
were selected after an internet search with the criteria given in
Table 1 and a networking activity at an Energy Congress. The
selected cases are the following:

1. AES energy storage e industrial grid-level energy storage in
electrical form (batteries).

2. Nuon ‘warmtebuffer Diemen’ e industrial grid-level energy
storage in thermal form (warm water).

3. SMA Benelux e home-based products for energy storage in
electrical form (batteries).

4. Enduris B.V. e home-based energy storage for newly built
housing in thermal form (heat of fusion from iced water).

Table 2 below shows how these cases fit the selection
procedure:

The interviews were held among key people in the organisa-
tions. They were selected for their operational role within their
organisation. The key people were selected with the help of a
regional or product manager of each firm, in two cases the director
joined the interview as they had the required information. All in-
terviewees received an e-mail with the main purpose of this
research and the research questions and were asked by telephone if
they could answer these questions in the interview. This resulted in
five people who were interviewed in depth; two from AES, and one
from each of the other firms. The interview questions were created
by using the operationalisation table (Table 3.) and research ques-
tions to create a semi-structured interview. Two interviews were
held by telephone, the other interviews bymeeting the interviewee
on location. After the interviews, the transcriptions were sent to the
respondents for a final check, to increase the construct validity. All
respondents approved or corrected the interviews, which were
used in this case-study research.

2.2. Operationalising

For the operationalisation of the three variables in the concep-
tual model we used the work of Ibrahim, Ilinca, and Perron [9] for
the moderating variable, Clauss [31] for the independent variable,
and the Santos & Brito [29] for the dependent variable. Ibrahim
et al. [9] provide an explanation of the differences of the scale of
appliance aimed at small-scale, isolated, home-based applications
for consumers and large-scale, networked, and grid-level applica-
tions for the industry. Clauss [31] provides a framework for
measuring business model innovation, based on three dimensions
with several indicators each. We placed these variables in an
operationalisation table (Table 3) to gain a clear view of the di-
mensions and indicators for measuring these variables. The defi-
nition of firm performance was used from Santos & Brito [29],
which is the satisfaction of a firm’s stakeholders concerning



Table 1
Case selection criteria table.

Large-scale energy storage Small-scale energy storage

Active in the energy storage market for electrical grid-level
applications.

Active in the energy storage market for home-based, isolated, applications.

Directly delivering to grids: the storage of energy for a grid appliance. Directly delivering to consumers: used for the storage of energy at home-based applications.
Main goal to balance the grid during peak loads or over-supply [9,23]. Main goal of these products is to create a self-sustained, isolated block within the electrical grid

[9,23].
Energy storage in electrical, mechanical, chemical or thermal form.
In the energy storage market for over 6 months in order to obtain information on the perceived firm performance before and after the business model innovation.

Table 2
Case selection.

AES Nuon SMA Benelux Enduris B$V.

Storage market: Delivering a storage solution
connected to the electrical
grid.

Delivering a storage solution
connected to the heat grid of a
city.

Delivering several products for storage at
consumer homes.

Delivering projects and products for
storage at newly built homes.

Customer: Grid-based Grid-based Consumer/local Consumer/local
Main goal: Balancing the electrical grid

during peaks or over-supply.
Balancing the heat grid during
peaks or over-supply.

Help the consumer to create a self-
sustained isolated block within the
electrical grid.

Help the consumer to create a self-
sustained isolated block within the
electrical grid.

Storage form: Electrical (batteries) Thermal (water) Electrical (batteries) Thermal (water)
In the energy

storage market
since:

2008 2015 (Diemen) 2014 (integrated storage) 2013 (Goese proeftuin)

Table 3
Operationalisation table.

Concept Definition Dimensions Indicators (measurement)

Business model innovation The implementation of different modes of value
proposition, value capture and/or creation.

Clauss [31]:
- Value creation innovation
- New proposition innovation
- Value capture innovation

Clauss [31]:
Value creation innovation:
- New capabilities
- New technology/equipment
- New partnerships
- New processes
New proposition innovation:
- New offerings
- New customers and markets
- New channels
- New customer relationships
Value capture innovation:
- New revenue models
- Value cost structures

Firm performance The satisfaction of a firm’s stakeholders concerning
growth, profitability, market value, customer satisfaction,
employee satisfaction, social performance and
environmental performance [17].

- Growth
- Profitability
- Market value
- Customer satisfaction
- Employee satisfaction
- Social performance
- Environmental performance

Subjective:
- Perceived firm performance
for the dimensions

Objective:
- Organisation reports

Scale of the energy
storage appliance

Home-based or grid-based appliance
of energy storage.

Ibrahim et al. [9]:
- Small-scale
- Large-scale

Ibrahim et al. [9]:
Small-scale:
- Isolated
- Home-based
Large-scale:
- Network
- Industrial
- Grid-base
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growth, profitability, market value, customer satisfaction,
employee satisfaction, social performance and environmental
performance.
2.3. Data analysis

With the use of different cases in different categories, a cross-
case analysis is suitable to compare the categories and
dimensions between the different cases to find patterns. To do this,
we transcribed and coded the interviews based on the sound
recordings.

Theron [32] mentioned coding as an interpretive activity and
that two researchers can have two different codes for the same
data. For reliability, we describe the way the transcriptions were
coded. For this research, we used data-driven coding during the
open coding stage, when different fragments of text were coded



M. Hamelink, R. Opdenakker / Renewable Energy 131 (2019) 120e127124
based on their context. The operationalisation table (Table 3) was
used as a template for a start list of codes used for the open coding.

During the open coding stage, new insights provided new codes,
which were added to the coding table. During the following axial
coding, the different codes were compared and structured by
merging or splitting codes and creating categories based on the
operationalisation table. The resulting coding table (Appendix) was
used to answer the research question and propositions.

In addition to the coding, each case was clearly described with a
focus on visible changes in both business model and firm perfor-
mance within the cases by describing the cases’ business models
after the implementation of energy storage. The analysis then
focused on these changes in the business model, to obtain a clear
view of the business model innovation, as well as how these
changes affected the firm performance in these cases. We described
each case’s business model with help of the Business Model Canvas
(BMC) from Osterwalder and Pigneur [22]. We, together with the
respondent, filled the BMC with different keywords to determine
whether and how the implementation of energy storage has
formed a business model innovation. This BMC was complemented
with the coding table for this interview, which was categorised
based on the operationalisation table.

On the basis of the information retrieved from the empirical
research, within-case analyses were made for all four cases. The
within-case analysis of each case was shared with the respondents.
All respondents agreed with the within-case analysis used in this
research. In the end, a cross-case analysis was conducted.

3. Results & discussion

The results of the axial coding of the four cases indicate that all
cases show business model innovation as a result of the imple-
mentation of energy storage, with only one case, Enduris, that
shows a business model innovation resulting in energy storage. All
cases can be described as doing something they already did, but
better, and thus as an incremental improvement as described.

Interestingly, and in contrast to proposition P2, large-scale and
small-scale applications of business model innovation show a
relatively low degree of innovation, and all studied cases show
incremental innovations. Enduris shows the highest degree of
business model innovation while still being an incremental inno-
vation. As another contrast with proposition P2, the two cases of
small-scale energy storage show larger changes in their business
models than the cases of large-scale energy storage and, therefore,
show a higher degree of business model innovation. We therefore
conclude that proposition P2 can be rejected.

The two large-scale applications of energy storage show
changes in its key activities and key resources, and the greatest
change occurs in their cost structure. This is substantiated by the
BMC description, interviews, and coding, which show the largest
incentive to implement energy storage for these two large-scale
applications was efficiency: lowering costs within an existing
value proposition. AES, active in large-scale energy storage, started
with energy storage to deliver capacity to the grid primary reserve
market, in the most cost effective way, and also to increase the
efficiency of its power plants, while Nuon implemented energy
storage to uncouple the electricity production from its power plants
with the district heating grid to improve the efficiency of its power
plants. Most interesting for Nuon’s case is the additional revenue
stream in running power plants when prices are right. Both large-
scale cases do see the described effects of considerable financial
savings in using their power plants more efficiently and using en-
ergy storage for peak and load balancing, as described by van der
Linden [11] when explaining that the storage of energy will
significantly change the energy industry through better utilisation
of resources, system efficiency, lower emissions, reliability, and
security.

The two cases for small-scale energy storage applications show
a major change in its key partners, a moderate change in customer
segments, and minor changes in key resources and channels. The
BMC description, interviews, and coding indicate these elements
show the greatest change as energy storage creates a new product
that is sold to new customer segments through new channels. This
difference between these two cases can be explained by the value
proposition of Enduris, aimed at delivering a local energy storage
solution that contributes to a business model innovation in creating
more flexibility for consumers, and as a regional grid operator. This
case was never close to value propositions in this consumer market
before. SMA, on the other hand, has always designed and distrib-
uted photovoltaic solutions, so energy storage fits well in this
portfolio. The addition of energy storage for SMA can, therefore, be
seen as any new product, and energy storage itself created a busi-
ness model innovation with a potential for more. This finding also
explains why Enduris’ case shows the highest degree of business
model innovation of all cases, though it should again be stated that
energy storage contributes to its business model innovation in
creating flexibility at a consumer level, while all other cases show a
business model innovation that was created from the imple-
mentation of energy storage itself.

A major difference between large-scale and small-scale energy
storage applications is that large-scale energy storage applications
are mainly aimed at increasing efficiency of an existing portfolio
and lowering costs. There is no change visible within customer
segments or channels, as these large-scale applications are deliv-
ering capacity to the same grid as before the energy storage
implementation. For small-scale energy storage applications, we
see more of a consumer product as predicted in theory. This means
customer segments and channels are much more important for
their new value proposition in order to reach the customer and far
less for cost structure or revenue streams. It is interesting that for
small-scale energy storage key partners have major change for both
cases: For Enduris, a grid operator, new partnerships arise in its
search for more flexibility for the consumer and, for SMA, contact
with firms that use SMA’s technology and knowhow for their own
energy storage products in the current energy transition, such as
energy suppliers and car manufacturers. This can be explained by
the fact that electrification of households and transportation is
growing rapidly, and the need for new technologies on a consumer
level is rising. All cases experience an equal change in their key
resources, as energy storage requires new resources, such as battery
technologies.

All cases show a relatively low degree of business model inno-
vation and, therefore, have no truly new business models in this
market.

All four cases acknowledge the need for changes in legislation to
fully unfold the potential of new business models based on energy
storage. The main limitation visible in three of the four cases is a
consumer incentive for creating flexibility in households, for
example, through flexible rates or a system that rewards flexibility
in other ways. It is clear in three of the four cases, all active in
Europe, that legislation is the key to radical business model in-
novations involving energy storage, and thus the possibility to
create entire new business models in their markets.

Firm performance was measured with a stakeholder approach,
as proposed by Santos and Brito [29]. They provided seven facets to
please stakeholders that can be used to measure firm performance:
growth, profitability, market value, customer satisfaction,
employee satisfaction, social performance, and environmental
performance. All four cases show an increase in employee satis-
faction based on the interviews, mostly because adding an
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innovative technology, such as energy storage to a firm’s portfolio
increases employee satisfaction by creating new options for the
firm and happy customers. Happy customers can be seen in
customer satisfaction, which shows growth for all four cases. All
cases mentioned that the implementation of their new business
models and energy storage propositions increased customer satis-
faction. The environmental performance of the large-scale energy
storage applications show growth, while the small-scale energy
storage applications do not show a true increase in environmental
performance. This can be explained by the fact that large-scale
energy storage is, as the name suggests, a truly large-scale appli-
cation with significant effects on the sustainable image of the firm.
For example, both large-scale energy storage cases are energy
suppliers that use power plants to provide electricity to the grid.
These power plants have an unsustainable image. Adding energy
storage creates more sustainability for these firms, where they use
energy storage to increase efficiency or stabilise the grid by means
of the growth in renewable resources. Both effects influence the
sustainability, and thereby the environmental performance, of
these firms. Small-scale energy storage is aimed more at the con-
sumer level, and both cases here have a sustainable image of
developing and delivering sustainable solutions. Therefore, there is
no visible growth on environmental performance for these two
cases. One difference between these two cases is that Enduris
shows an increase in social performance. This can be explained by
the fact that Enduris, as a grid operator, is looking for a more so-
cially responsible business model with its business model innova-
tion, resulting in an increase in social performance.

Since all four cases show a fairly equal degree of business model
innovation, it is hard to say whether the degree of business model
innovation affects firm performance in the energy storage market.
However, there are differences in both the business model in-
novations and increase in firm performance between the cases,
which can help answer this research question. As described, the
large-scale applications of energy storage show an increase in
environmental performance, whereas the small-scale applications
of energy storage do not show this increase. As discussed before,
the business model innovation for the former cases aims at
increasing efficiency and decoupling of existing power plants and
the electrical grid to provide balancing solutions. This aim for ef-
ficiency not only results in a lowering of costs, but also a lowering of
carbon emissions from these power plants, with a resulting in-
crease in these firms’ environmental performance. The focus in the
business model innovation on increasing efficiency and decoupling
power plants not only results in a cost saving, but also an increase
in environmental performance. An AES respondent stated the
following: “it goes hand-in-hand; we are building the first plant for
peak electricity demand that doesn’t require fuel”. Moreover, for
small-scale applications of energy storage, the link between inno-
vation and firm performance is not so straightforward, in accor-
dance with Gronum et al. [14], who explained that managers who
make coherent choices in the context of the business model are
better at realising the performance benefits of those innovations.
Both small-scale applications of energy storage show these
coherent choices, resulting in a business model innovation aimed at
creating new partnerships and opening new customer segments
and channels. This finding is in linewith Richter [33], who expected
that, in the energy transition, new customer segments and chan-
nels will be created by consumers taking an active part in being
energy producers themselves.

All cases show a relatively low degree of business model inno-
vation, all described as incremental, and all cases show an increase
in firm performance visible in customer and employee satisfaction.
This answers and acknowledges the first proposition, in accordance
with Gronum et al. [14], that an incremental innovation can posi-
tively affect impact on firm performance as all cases show coher-
ence with business model design themes: the two large-scale
applications concerning efficiency and the two small-scale appli-
cations concerning complementarities.

4. Conclusions

This paper studied how business model innovation affects firm
performance in the energy storage market. Energy storage provides
solutions for both the supply and demand levels of the grid;
however, it is unclear how business model innovation affects firm
performance for firms in the energy storage market. For this paper,
four cases were researched, two on large-scale energy storage ap-
plications and two on small-scale energy storage applications. For
large-scale applications, energy storage results in considerable
financial savings by decoupling the power plants from the grid.
Both applications deliver capacity to a closed market, resulting in
little to no change to its value proposition. These firms’ business
model innovations, regarding the implementation of energy stor-
age, are purely aimed at increasing efficiency and lowering costs.
This strategy results in an incremental business model innovation
strongly focused on its cost structure. The cases on small-scale
energy storage applications show coherent choices in the context
of their business model, visible in increased and new partnerships,
customer segments, and channels necessary for their value prop-
osition containing energy-storage. These business model in-
novations can be described as incremental, although one of the
cases shows a fairly high degree of business model innovation in
going from grid operations to creating more flexibility at the con-
sumer level. All cases show an increase in firm performance for
customer and employee satisfaction. The large-scale applications
show growth in social and environmental performance as well.

From the above, we can conclude that business model innova-
tion does affect firm performance in the energy storage market, as
an important example of an innovation that needs a businessmodel
innovation for its implementation.With current legislation limiting
a true new value proposition for large-scale applications, the
business model innovation with an efficiency design theme results
in higher environmental performance and, therefore, increased
customer satisfaction: from fossil fuels to energy storage for
balancing and peak-lowering purposes. For small-scale applica-
tions, a business model innovation with a complementarities
theme results in increased partnerships, customer segments, and
channels, contributing to higher customer satisfaction through a
more complete and innovative product proposition to the
customer. The energy transition changes customer segments and
channels as indicated in literature, mainly because the consumer
has become more than a consumer alone; consumers have become
producers themselves and create the ability for flexibility on both
the demand and supply levels. All cases show an increase in
employee satisfaction with new activities and opportunities.

5. Further research

We know that today’s power systems are moving towards a
Power Market and Smart Grid. Currently, the assumption is that
electricity is not storable. Further research could study the impacts
of future promising storage technologies on the current power
market. The question is how adversely (or positively) would the
design of the power market be influenced.

A second topic for further research could be the similarities
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between the natural gas market and electricity market if we ach-
ieve a reliable and highly efficient storage technology.

It is said that “money talks”. We know that the advent of a highly
advanced storage technology is somewhat influenced by power
market role players (ISO, Gencos, Transcos, Discos, Retailers etc.).
Some of these role players do not desire any storage systems as they
might partly lose their profit in a power market in which there is
storage capability. So, they might not be willing to support any
ideas related to developing advanced storage systems or at least
theywould not be willing to invest in them. A third topic for further
research is how this fact can be justified.
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Appendix
Category Initial coding

Business model innovation Business model inno
Incremental BM inno
Disruptive BM innov
Radical BM innovatio
Limitations legislatio
Potential BM’s

Firm performance Customer satisfaction
Employee satisfactio
Environmental perfo
Growth, profitability
Social performance
Stakeholder

Energy storage Small-scale
Large-scale
Energy supplier
Efficiency
Grid balancing
Flexibility
Renewable energy gr
Renewable energy ri
Security of supply
Limitations legislatio

BMI: Value capturing Co-operation
Cost driven
Value driven
Efficiency
Key partners
Market conditions

BMI: Value creation Experimenting e ow
Financing
Innovative technolog
Key resources
Market requirements
Value creation
Value proposition
Value driven

BMI: Value delivery Customer channels
Customer relationshi
Customer segments
Market creation
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