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Abstract

Current Renewable Energy sources are mainly fluctuating by nature, which is why one of the main
interests in an energy system with high Renewable Energy contribution is the flexibilization of supply and
demand. One measure of flexibilization can be Energy Storage Solutions. Whereas the residential use of
Energy Storage Solutions has been a subject of interest to researchers, the organizational perspective has
been neglected in certain areas. Even though, especially the industry, as one of the main energy consumer,
is of critical importance along the way of transforming the energy system to Renewable Energies.
Especially the distributed character of the Energy Transition in Germany demands for further flexibility
being introduced to the grid. This study therefore examines the acceptance of electric Energy Storage
Solutions among the German manufacturing industry. Based on quantitative data from a sample of 101
German manufacturing companies, the article analyzes the general awareness about Energy Storage
Solutions, possible acceptance factors and perspectives on new possible areas of cooperation. The results
show that organizations in the sample display general knowledge about Energy Storage solutions but do
not have in-depth knowledge about modes of deployment. The organizations in question agree on the fact
that future cooperation is necessary in order to guarantee supply security and quality of electric energy.
Keywords: Distributed energy system; Energy Storage Solutions; Manufacturing industry; German Energy
Transition; Adoption, Diffusion

1.

Introduction

The increasing penetration of distributed generated energy, often highly fluctuating, can have a
negative impact on energy systems; in particular the distribution grid is facing difficulties in the
mentioned scenario [1]. Energy Storage Solutions (ESS) are discussed as a possibility to provide local
energy balancing and ancillary services. Predictions of the actual storage capacity needed in Germany are
widely investigated in different studies and differ from 0 to 32 GW at a Renewable Energy contribution
over 80% due to different scenarios and variables [2].
While looking at possible business models to support the adoption and diffusion of ESS, especially
cooperative business models for ESS are of interest because they offer the possibility to combine a variety
of usages/services and simultaneously mitigate Renewable Energy between supply and demand.
Following a recognizable trend in the storage industry this paper focuses on electrochemical battery
storage only as it offers the possibility of short time load deferral and is anticipated to decrease in costs
[3]. When pursuing distributed energy production, the question arises how the integration of ESS in the
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grid can be achieved and by whom. Up until now, research on the adoption and acceptance of Renewable
Energy Technologies (RET) in Germany has mainly focused on the household perception of the adoption
process, even though in 2014 the industry can be held responsible for over 45% of the total electric
energy consumption [4].
Shedding further light on the target group of industrial consumers, such as manufacturing companies
can lead to a better understanding of the acceptance and diffusion of ESS in a distributed energy system.
Most RET are, like ESS, capital intensive technologies and require high up-front investments [5]. This
leads to relatively long payback periods, which currently do not seem acceptable for organizations in a
fast changing environment in transition, such as the German Energy Transition. In order to understand the
adoption process of capital-intensive RET such as ESS in companies, it is required to gain a better
understanding of factors influencing the decision and the current level of awareness amongst the target
group of the manufacturing industry.
The presented research therefore addresses the following questions: (1) What is the general awareness
amongst companies in the project region regarding ESS and their uses in an industrial setting, (2) which
factors influence the acceptance of ESS in an industrial setting and (3) what could be the future role of
cooperative ESS business models in a distributed energy system. Results are drawn from a quantitative
study conducted in late 2016 in which 101 manufacturing companies participated.
The paper first discusses the role of ESS in an energy system dominated by distributed energy
generation as well as possible modes of deployment of ESS in an industrial setting. Section 3 focuses on
the methodology of the study and the underlying concept of acceptance of the research presented,
whereas Section 4 presents the obtained results from the data set following the acceptance model
developed earlier. The paper closes with a conclusion of findings on the role of ESS in a distributed
energy system as well as cooperative ESS business models to enhance the diffusion of ESS.
2.

Background and Theoretical Framework

2.1. The role of ESS in a distributed energy system
The exploitation and implementation of RET can be problematic due to its fluctuating and intermittent
nature [6]. With almost 70 % of the generated electricity being generated by fossil fuels, fossil fuel plants
are currently mainly responsible for the power network stability and load management [7]. Amongst
many approaches to realize network stability and reliability without having to use fossil fuels, such as
demand side management or interconnection of different grids, ESS are seen as a promising technology
[7]. As explained by Lund et al. ESS can benefit the grid in general and the integration of Renewable
Energy in particular in different forms: (1) helping in meeting peak electrical load demands, (2) providing
time varying energy management, (3) alleviating the intermittence of renewable source power generation
(4), reassuring power quality/reliability by maintaining voltage levels, (5) meeting remote and vehicle
load needs, (6) supporting the realization of smart grids, (7) helping with the management of
distributed/standby power generation and (8) reducing electrical energy import during peak demand
periods [8]. Whereas Pumped Hydroelectric Storage has almost been used to its capacity in Germany and
many other countries like the UK [7], electrochemical ESS, such as lithium-ion batteries are scalable and
do not require special landscape architecture.
In a distributed and decentralized energy system ESS can back-up, stabilize or smoothen the
fluctuating Renewable Energies as well as ramping and load following activities. Additionally ESS can be
used for time shifting and peak shaving activities in order to generate additional financial returns as
shown in section 2.3. Most importantly, however, ESS are able to stabilize the transmission and
distribution grid by addressing short-term imbalances in the power supply/demand, a task traditionally
managed by operating reserves or other ancillary services [9]. The operative integration of ESS in the
energy system is both a technical and a socio-economic question since the technical capabilities of ESS
need to meet the requirements and the market design determines the rate of diffusion of ESS [9]. The
compensation of certain services, such as generating capacity, or provision of ancillary services, that ESS
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can offer seems to be key for the market integration and is currently only with limitations part of the
German market design. The variety of possible combinations and different services that are possible for
ESS, make the case of a single device (ESS) providing multiple services a difficult business case to assess.
In the field of industrial users, large-scale ESS as it would be the case for the facilities providing grid
services come into play when addressing shared ESS like explained by Rahbar et al. [10]. Simultaneously,
small-scale ESS in a distributed energy system can be grouped and provide afore mentioned services.
Beside the technical and economic feasibility, the social component namely the acceptance of such
storage solutions and related business models as researched in this paper is of importance.
2.2. Energy storage solutions in an industrial setting
Possible areas for EES implementation in an industrial setting can be described from two different
angles. They can either be implemented on the system side or the customer side [3]. Beneficial from a
system point of view is the implementation to supply Control Energy when needed in order to balance the
voltage. In an industrial setting electric ESS are especially of interest to implement load management,
meaning a temporal deferral of load capacity, for peak-shaving activities and the possibility to achieve
higher consumption rates of self-generated electricity [11].
Depending on the given load profile of the organization, peak-shaving can be used to lower the annual
peak load and by that the capacity charge [12]. Due to the need to especially smoothen short-term
fluctuations and defer loads in a small time span, electrochemical ESS are because of their technical
suitability of special interest [3]. If the production process of the organization in question is prone to
short-term power cuts as it is especially the case in chemical industries, EES can be implemented to
bypass planned or unplanned power cuts that would otherwise mean financial loss [3].
When combined with self-owned power generation facilities such as PV, ESS in organizations are
useful to increase the amount of self-consumed energy of the energy produced [13]. Instead of feeding the
generated electricity into the grid, the generated power is stored in ESS and will be used up later. If
variable feed-in tariffs are installed, recharge and discharge at a certain point of time can become
financially more attractive [14]. In order to assess the timing smart technologies can support the process
and increase flexibility in times when the electricity market offers the highest yields [15]. If an industrial
consumer achieves a relatively high level of flexibility already as of today the control energy market in
Germany offers potential to generate returns. Of special interest for customers in the German electricity
market is the so called minutes reserve as it needs to be made accessible within 15 minutes in the course
of a scheduled supply [15].
With regard to the relatively high upfront investment required to install ESS and the aforementioned
relatively long payback period, the presented application fields are only feasible under certain
circumstances and require special attention in the organizations capital budgeting [16]. In order to fully
and thoroughly assess whether or not the installation of ESS is feasible and profitable, organizations need
to undergo a single case-related analysis of load profiles. Due to different characteristics in load profile
and electricity demand possible areas of application cannot be generalized and looking at it from a
business point of view the installation of ESS is only profitable for a subset of the organizations in
Germany [17].
The installation of ESS is therefore presumably especially in manufacturing companies beneficial as to
the fact that they -due to production and processing- have a load profile characterized by peaks and a
relatively high demand of energy [18]. Organizations that can plan their demand of electricity relatively
flexible or where production processes might be altered accordingly at relatively low cost are seemingly a
good option to install ESS [15].
A combination of all or some of the presented possible applications of ESS seems more promising as it
offers higher potential to generate returns. Vogt et al. show based on an example of a pilot project the
combination of increased self-consumption rate of electricity and peak-shaving in an industrial MicroGrid [19]. In the course of a simplified investment calculation they draw the conclusion that the
installation of ESS can be profitable with a payback period of 10 years.
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3.

Theory/Methodology

3.1. Model of acceptance
Questions regarding the acceptance of innovative energy technologies have been of special interest
over the last years and researchers as well as practitioners have contributed to a wide array of viewpoints
[20–25]. Whereas the literature on infrastructural energy technologies, such as transmission lines and
wind parks in Germany is relatively rich; research on other technologies such as ESS is still lacking [25].
Nevertheless, first approaches are taken in the field of acceptance of ESS in particular, such as the
acceptance of large ESS-Parks [26] as well as different business models for the deployment of ESS on the
household level [27]. Far fewer articles and research papers address the organizational perspective on
ESS [12]. Therefore, it can be stated that the scientific discussion regarding ESS in an industrial setting
especially lacks research findings that are based on empirical data.
Acceptance has been measured in a number of different areas and therefore found its way into various
different definitions. Acceptance is by far not a uniformed term. In this particular research, the acceptance
definition derives from Mueller-Boeling and Mueller and can be understood as the positively connoted
decision of an individual/organization towards future usage [28]. Unlike other definitions, the mere lack
of resistance is not considered to be part of acceptance; it has therefore a strong active component [29].
Trial/experience
(Versuch)
Adoption/adaption
(Kauf)
Implementation
(Implementierung/Nutzung)

Interest
(Interesse)
Expectation/evaluation
(Erwartung/ Bewertung)

positive
negative

Awareness
(Bekanntheit/Bewusstsein)

Attitude Acceptance

Behavioral Acceptance
positive
negative

(1) Dedicated User
Active
Acceptance

(2) Impeded User
Positive
Recognition

(3) Forced User
Internal
Resistance

(4) (Dedicated)
Non-User
(Critical)
Distance

Fig. 1. Acceptance [28,30]

Following Mueller-Boeling and Mueller Acceptance is understood as a phenomenon divided into two
dimensions: attitude and behavior [28]. In the research presented, the classical definition of Acceptance
was extended by the sub dimensions of Awareness, Interest and Expectation/Evaluation as well as
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Trial/experience, Adoption/Adaption and Implementation originating from the dynamic acceptance
approach of Kollmann [30]. The latter dimensions were added as to refer to the level of knowledge
regarding ESS of the organizations in more detail and to differentiate the dichotomous view of MüllerBöling and Müller with regard to the level of knowledge [28,31].
Attitude acceptance is a cognitive and affective orientation of perception and involves the potential
willingness to act without having implemented ESS yet. Behavioral acceptance, however, has an active
component and manifests itself in the reaction of the recipient being the actual use or lack of use of ESS.
If the recipient shows a positive attitude towards ESS in the organization and has actually implemented
ESS, one can call this an act of active acceptance [32].
3.2. Research methodology
The presented paper draws its results from a dataset composed of a survey amongst 101 manufacturing
companies in Germany. As part of a two-stage research design, both qualitative and quantitative data was
collected. The questionnaire for the quantitative study builds on the results of the qualitative analysis
conducted in early 2016. The presented survey was conducted in late 2016 via an online survey tool.
Potential participants were contacted personally before sending an email with the survey link. In total, the
researchers contacted around 630 organizations that met the criteria and were located in the region in
Germany of which 101 completed responses were received (16% response rate). As stated before
manufacturing companies show the tendency to a load profile characterized by peaks as well as a
relatively high demand of energy, which is why the aim of this study is to gain insights regarding the
attitude and behavior of manufacturing companies towards ESS. As shown in section 2.2 there are
different modes of deployment of ESS. Based on the acceptance concept elaborated in section 3.1 the
survey collected information from the respondents across six categories: awareness, interest,
expectation/evaluation, energy consciousness, willingness to cooperate and demographics on energy
consumption and size of the organizations. The questionnaire was compiled of 21 questions, which
resulted in a total of 99 individual variables.
In this analysis, two different methodological approaches are used in order to gain further insights.
Firstly, simple descriptive statistics are used to explore the demographics of the sample, the way energy is
consumed in the organization and what level of energy conscious the organizations in question show.
Secondly, bivariate analysis is deployed to identify the level of acceptance in the different organizations.
After a factor analysis has been conducted, variables were grouped to form independent acceptance
factors.
4.

Results

4.1. Sample and descriptive statistics
Contact details of relevant organizations were obtained via different channels, such as affiliated
industry association and partners as well as online research. Out of the 630 organizations that met the
criteria, were located in the project region in Germany and whose data was accessible in some way, 101
organizations completed the questionnaire. Data obtained from such non-probability sampling process
can, of course, not be statistically generalized as they do not necessarily depict a representative cross
section of the population of interest. However, important characteristics were controlled in order to
control the sampling process. Only companies labelled “C for manufacturing” following the
Classification of Economic Activities of the Federal Statistic Office Germany (2008) were included in the
sample as well as a relatively evenly distributed ratio of small, medium and large sized companies. In
contrast to the qualitative analysis that only included energy intensive companies, the quantitative
research includes both energy intensive and non-energy intensive companies. In cases where not much
research has taken place a smaller and easily accessible sample can present a good starting point for
further research [33].
Electric energy consumption ranges from 200 to 700.000.000 kWh with the average consumption
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being 17.488.746 kWh. In order to gain a better understanding of the subsets included in the sample,
different forms of clustering were used and statistically verified. One being the categorization by size
following the definition of the EU Commission (2003) of small, medium- and large-sized enterprises.
Considering aforementioned parameters, the organizations in the sample are with 46% (47) about half
smaller sized companies, with 29% (29) about one third medium sized and 17% (17) large sized
companies.a Throughout the data analysis, the sample is divided in the subsets of small, medium and large
sized companies where such clustering might be useful to understand certain motivations and perspectives.
As one can see the sample is in a large proportion made up of smaller and medium sized companies and
one could argue this may lead to a certain bias. However, from a structural point of view small and
medium sized companies are relatively well represented in the considered region in Germany.
Accompanying a sample that is relatively distributed among the classifications size-wise, there is also a
relatively high standard deviation when looking at the electric energy consumption of the participants.
The lowest consumption rate is 200 kWh per year whereas the highest is 700,000,000 kWh per year. With
61% the majority of the organizations do not produce electric energy in-house. The 39% that do produce
in-house mainly produce electric energy via solar power (61%) or Combined Heat and Power plants
(27%). Interesting to see is that most PV systems installed are relatively small and self-consumption rates
are ranging around 20-30%. This is most probably due to the fact that PV-systems built in Germany
before 2012 are highly subsidized. In this case feeding in the generated electricity is more profitable than
self-consumption.
The respondents show a tendency to relatively evenly distributed load profiles with 30% of the
organizations in questions having an evenly distributed load profile with few to no peak loads. The
numbers of peak loads the organizations were facing in one year ranges from 0 to 15,000 peaks per year.
This number however is highly dependent on the product that is being produced and the way production
takes place.
4.2. Cooperation in a distributed energy system
As shown before ESS can have a special role in a distributed energy system. In terms of industrial
users, cooperation in order to share investments, resources needed and storage capacity seems to be a
viable option. As the results show the majority of the organizations in question do not have any
experience with cooperative ties with regard to their energy supply. However, they seem on an operative
basis relatively open to exchange and publish their load profiles. Nevertheless, results indicate that with
increasing depths of the cooperation, the organizations become more hesitant to follow a cooperative
business model when supplying with energy. 70% of the sample generally agree that cooperative
arrangements need to be made to maintain a high quality supply with electric energy in future.
When asked to state the main drivers to form cooperation in the field of energy supply, the researchers
deliberately left out the profitability issue, being one of the main reasons for hindrance, in order to gain
better insights on what cooperation could look like in the future. The majority of the respondents
especially stress the fact of long-term planning security for their company as well as relatively low
bureaucratic efforts. As seen in Figure 2, the response behavior of the organizations in the sample is
relatively homogenous. The ranking in terms of relevance of the factors for organizations in order to
implement ESS does not change dramatically with the size of the companies.

a
Eight organizations did not specify their revenue and workforce and could not be allocated to a classification. Classification of size
was drawn according to the classification of the European Commission.
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Fig. 2. Main drivers to form cooperation

However, it can be seen that smaller companies do favor less bureaucratic efforts in comparison to the
other two subsets and in return do not mind the loss of control as much as the others do. Large- sized
companies in contrast seem especially keen on the avoidance of control loss in comparison to the other
subsets and would like to be able to exit the cooperation rather quickly.
Respondents were also asked to indicate their preference on a semantic differential with two opposing
attributes for cooperation such as democratic or non-democratic decision making. The respondents favor
with regard to cooperative arrangements for ESS fewer participants from private enterprises as well as a
long-term cooperation and democratic decision making. Even though there is a general sense of
willingness to cooperate, the majority of the sample seems to keep a certain distance to the topic of ESS
in an industrial setting and lack in depths knowledge with regard to the topic. The ongoing transition of
the German energy market suggests that organizations are well aware of the future changes. As seen in
Table 1 the majority of the results range around the middle values of 3.0. In general it seems of interest
that in comparison, the small-sized companies show higher values in the acceptance variables Awareness,
Interest and Expectation/Evaluation.
The organizations in the sample are generally speaking relatively aware of ESS in an industrial setting.
However, looking more closely respondents have heard of ESS from the media (Ø 3,84 on a 6-point scale)
but do not show in depths knowledge about modes of deployment in their own organization (Ø 2,9 on a 6point scale). No significant difference can be seen amongst the categories of small, medium and largesized organizations since they all show similar values.

International Journal of Smart Grid and Clean Energy, vol. 7, no. 1, January 2018

60

Table 1. Cumulative variables grouped by organization size
b

Variable

Awareness
Interest
Expectation/Evaluation
Future profitability

Mean small-sized
(n=47)
2,99
2,98
3,98
3,78

Mean medium-sized
(n=29)
2,80
2,46
3,62
3,03

Mean large-sized
(n=17)
2,95
2,41
3,32
2,74

Total
(n=101)
2,92
2,74
3,74
3,34

With regard to the variable Interest a much more differentiated picture can be drawn. With decreasing
size, the respondents show higher interest in the topic of ESS (Ø 2,98 on a 6-point scale for small
organizations and Ø 2,41 on a 6-point scale for large organizations). Interesting to note is that smaller
companies seem to be relatively better informed and share an idea of how to implement ESS in the future
in comparison to the larger organizations. Whereas middle and large sized organizations show lower
interest in ESS and are especially critical of ESS.
Accordingly the value with regard to Expectation/Evaluation is also higher amongst smaller-sized
companies (Ø 3,98 on a 6-point scale) in comparison to larger-sized companies (Ø 3,32 on a 6-point
scale). Again, the Expectation/Evaluation variable increases with decreasing size of the organization.
When asked specifically whether ESS would be of interest to their organization in particular, 40% of the
respondents stated that they do generally see a specific interest in ESS for their company whereas 60%
are not interested in ESS. Main focus of the interest in ESS is following the respondents the possibility of
peak-shaving and to increase the consumption rate of self-generated energy. Organizations not interested
mainly attribute their decision to the currently perceived unprofitability of ESS and the fact that ESS do
not match their needs in terms of the amount of electric energy that is being consumed.
Even though a moderate awareness can be stated for the respondents in the sample, only 7 of the 101
organization have already implemented ESS in their organization. Looking at the state of implementation
from the behavioral acceptance site shows that behavioral acceptance is low in the data drawn from the
sample. However, the respondents evaluate a future profitability of ESS in industrial organizations rather
positive and agree relatively strongly (Ø 4,80 on a 6-point scale) on the fact that profitability is the main
driver for future implementation of ESS in an industrial setting. These results also match the fact that the
organizations in question show less interest in ESS due to the perceived unprofitability.
5.

Conclusion

After having looked at the data of 101 manufacturing companies in Germany this paper examines the
future role of ESS as well as current reasons for hindrance and perspectives for future growth of ESS in
an industrial setting if desired for on a policy level.
Since small-sized companies seem to show higher interest rates than the other two subsets, it could be
of interest to implement lighthouse projects with these organizations in order to draw attention to the
different possible areas of deployment of ESS in an industrial setting. As the results of this survey show,
even though possible ways of implementation exist for organization, they do not know the modes of
deployment in detail. In their role as promoters regional policy makers could use such project in order to
communicate and broaden perspective on ESS in an industrial setting. In this manner the interest that is
currently generated by the media could be channeled and fuel a more substantial and individual
discussion about ESS in an industrial setting.
As anticipated in the beginning, ESS are perceived as being unprofitable by the industry and the
current market design in fact seems to lack adequate business models for ESS in organizations. However,
as shown in section 2.2 the business cases do exist in theory but have not been recognized and

b

Based on factor analysis relevant items were grouped and transformed into one variable. All scales are based on a 6-point scale
ranging from “totally disagree” to “totally agree”.
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implemented by the industry yet. As long as the perception of unprofitability hinders organizations to
think possible solutions through and transfer those to their own organization, the adoption and diffusion
of ESS seems very difficult. Organizations attribute their lack of interest mainly to the fact of
unprofitability. If those unprofitability issues could be addressed and communicated accordingly, ESS
could become a topic for many organizations in Germany and other parts of the world.
In stark contrast to the typical business model approach, cooperative business models in the field of
ESS do not present a focus on the core competencies- for most organizations not lying in the field of
energy generation or distribution- but rather a strategic approach to prevail in a competitive market and an
opportunity to lower the overall energy costs in future [34]. However, cooperative models are quite suited
in the field of RET and examples could possibly be drawn from the literature around Community Energy
Projects and coopetition [35–37].
As the results show, the majority of respondents agree on the fact that cooperation will be part of the
future energy system. As stated in the introduction, the question arises what business models can be
developed in order to meet the necessity for cooperation? Cooperative business models in the field of
industrial ESS offer the possibility to maximize- by combining different modes of deployment- profits
and most importantly use the storage provided the best way possible. Since every ESS installed does have
an effect on the environment, as especially rare resources such as Lithium are needed to build such
storages, it is important to install as few ESS as possible and to use the ESS installed to its capacity where
possible. But not only from an ecological point of view the interconnection of different consumers and
renewable energy technologies makes sense as benefits can be enhanced when such technologies are
interconnected and integrated into a smart grid [38]. Cooperation does meet some of the diverse needs in
a distributed energy system. Especially organizations that run different load profiles and are able to
manage their load accordingly could draw many advantages from the cooperative use of ESS. When
looking at the current market design in Germany whether the RET-unit installed uses the grid or not plays
an important role. With current law such micro-grids need to pay for using the grid. This can lead to
unprofitability relatively quick and can impede the cooperative usage of ESS. Generally speaking, with
current market design physical proximity is a must in order to install cooperative ESS due to the
avoidance of using the grid. However, when individual ESS (from cooperations or households) need to be
grouped in order to offer larger amounts of electricity and storage capacity, the grid connection issue
needs to be addressed. It seems important to asses and evaluate certain problems stated by the industry
and build up trust by promoting lighthouse projects and early adopters.
As the literature research suggests, the multiple roles of ESS in a distributed energy system are
relatively clear from a technical point of view but lack decisive market implementation strategies. With
the line between generation, transmission and distribution becoming more and more blurry with new RET,
such as ESS entering the market and organizations need to find their place within this process. The results
of this paper strongly suggest that further research is undertaken in order to develop and design
cooperative business models in the field of industrial ESS-usage in order to support the diffusion of ESS
and the decentralized character of the German Energy Transition. With these first insight on what
cooperative arrangements could look like and the empirical starting point of the status-quo from Germany
regarding ESS in the industry, researchers can develop more in-depths research designs that instead of
addressing broader aspect of acceptance of ESS in the industry, focus on the acceptance of future
cooperative business models in the field of industrial ESS.
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