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Abstract

Demand response can be an effective mechanism to balance electricity demand and supply.
While there is an increasing research interest in demand response for private households, its
realistic potential in industrial and commercial sectors remains largely untapped, with limited
research on the barriers hindering adoption. This study identifies and examines the barriers in
industrial and commercial sectors, shedding light on their significance. We conducted 20 semi-
structured interviews with experts from German industrial and commercial companies and
national industry associations. The most frequently cited barriers encompass concerns about
diminished product quality, disruptions to production processes, human resource management,
and revenue uncertainty. Despite some recent industrial participation in demand response
programs in Germany, our findings suggest that numerous barriers impede widespread
participation, which can partly be explained by the heterogeneity of production processes and
facilities. Overcoming these barriers entails bridging knowledge gaps and allocating sufficient
resources within an organization. Moreover, adapting external incentives and policies may be
necessary to encourage widespread demand response adoption. Recognizing these challenges,
alongside the underlying motivations and apprehensions, can guide policy makers in devising
strategies to support the adoption of demand response among industrial and commercial

consumers.

Highlights

e Empirical study on demand response barriers in industrial and commercial sectors.
e Barriers include a lack of profitability and fear of reduced product quality.

e Barrier dimensions categorize and illustrate demand response barrier interrelations.
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e Resources and information are vital for fostering demand response within a company.

e More external incentives and adapted regulations needed to overcome barriers.
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Abbreviations

DR Demand response
C&l Commercial and industrial
GWh Gigawatt hours

T Technological

I Information

R Regulatory

E Economic

B Behavioral

@) Organizational

C Competences
NIMBY Not in my backyard

1. Introduction

To alleviate the effects of climate change, the reduction of greenhouse gas emissions is of
central importance [1]. This has led to ambitious targets of greenhouse gas neutrality in national
and international agreements and obligations [2]. Emission reduction efforts include a transition
to renewable electricity generation and the electrification of energy demand, for example, in
the heat and mobility sectors. The ongoing transformation from centralized and predictable
electricity generation to more distributed and volatile generation, which is highly dependent on
weather conditions, introduces new challenges of balancing electricity demand and supply,
especially on a local level [3]. To manage the growing fluctuations in energy supply and
demand, demand response (DR) measures are becoming increasingly important. DR measures
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aim to shift electricity consumption patterns in time or quantity in response to a signal (e.g., a
monetary incentive) [4]. They can thus help to balance electricity supply and demand [4,5].
Participation in DR measures can take on different forms. Load shifting describes temporary
decreases in electricity consumption by interrupting and rescheduling specific processes or
appliances to shift demand in time [6]. Load shedding involves temporary decreases in
electricity consumption, but without making up for consumption at a later point in time [7].
Another option is a temporary switch from electricity to other energy carriers, such as natural
gas, to decrease power peaks while keeping production processes running [8]. In the following,

we refer to the time interval in which a DR measure is applied as a DR event.

The industrial sector is with around 40 % of the total electricity consumption by far the largest
consumer worldwide, while the commercial sector ranks third with a world average of around
20% in 2019 [9]. In Germany, the industry and commercial sector make up 44% and 27% of
the electricity consumption in 2021, respectively [10]. The high shares in electricity
consumption also suggest a high technical DR potential. DR programs in the German
manufacturing industry are gaining momentum and, compared to other demand sectors, is
already involved in demand response programs, especially to provide ancillary services such as
frequency control reserve [11] and interruptible loads [11,12]. However, due to various entry
barriers, the actual amount of DR participation is small and falls short of the technical potential
suggested by modeling studies, e. g. identified by Gils 2014 [13]. Existing DR participation is
mainly limited to energy-intensive industries such as paper manufacturing or aluminum
electrolysis [14]. Other industrial or commercial sectors have received almost no attention so
far [15], even though some studies find considerable DR potentials in this sector [13]. Kirkerud
et al. [16] also found DR potentials for space heating and ventilation, and Tina et al. [17] further

identified DR potentials for air conditioning in commercial buildings.

Harnessing the technical potential of DR in the commercial and industrial (C&I) sectors
requires companies to actively participate in DR programs by adequately reacting to DR signals
(e.g., monetary signals). Therefore, it is crucial to identify the drivers and barriers to DR
program participation. Most research so far focuses on the residential sector, indicating a range
of drivers and barriers affecting households’ decisions beyond purely economic considerations
[18,19]. For example, a recent review of DR enablers and barriers found that most empirical

studies focused on residential DR and thus excluded the commercial sector from the



review [19]. While companies are assumed to assess the costs and benefits mainly from a
financial perspective, it is unclear what (other) factors may play a role in their decision-making
regarding DR participation. For example, these other factors could include cultural, regulatory
or structural barriers [20,21], or participatory and awareness related barriers [21]. Yet, empirical
research on DR barriers in the C&I sectors is scarce. Existing research either focuses on the
commercial or the industry sectors, often including other stakeholders to form a market or
regulatory perspective. Furthermore, previous present research has focused on discrete barrier
dimensions to group the identified demand response barriers, without considering possible
interrelations between barrier dimensions. Moreover, while private households share
considerable homogeneity regarding their electric appliances, C&l consumers are highly
heterogeneous regarding electric appliances, production processes, or regulations. This requires
empirical research studying industrial DR barriers in different contexts. To the best of our
knowledge, no research so far has conducted interviews with C&I consumers and associations
all over Germany to identify new demand response barriers and furthermore accounts for

interrelations between barrier dimensions.

This study contributes to the literature in two ways: (1) First, we propose a new taxonomy for
demand response barriers in the C&I sector, derived from the recent literature that studied
relevant barrier dimensions. On the basis of new empirical data, we assess the relevance of each
of the derived barrier dimension. Furthermore, we assess the interrelations between the
dimensions, meaning that a specific barrier can relate to multiple barrier dimensions. We
thereby extend previous research that conceptualized these demand response dimensions as
independent from each other. (2) Second, we extend the empirical basis of previous studies by
conducting interviews with not only industry companies, but also commercial companies and
C&l associations, some of which have so far not been examined, despite their technical
potential. Due to the heterogeneity of C&I sectors, we analyze our data using a hybrid
deductive-inductive approach. Specifically, we deduced four overarching barrier dimensions
from the previous literature, which we used as a guiding framework for the inductive part of
the data analysis. This allowed the flexible identification of new specific barriers present in our
sample of 20 semi-structured expert interviews with German! C&I companies and associations,

and at the same time allowed for a better comparability with the barriers identified in other

1 By focusing on Germany, this study accounts for the regulatory framework of one specific country.
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studies. These barriers are allocated to their respective barrier dimension in a new dimension
taxonomy that accounts for interrelations regarding barriers that relate to more than one barrier

dimension.

Specifically, we aim to answer the following two research questions (RQ).
(RQ1) What are industrial and commercial companies’ perceived barriers to participate in DR

programs?

(RQ2) Which dimensions can the identified DR barriers be categorized into, and how are they
interrelated?

The remainder of this paper is structured as follows. Section 1.1 of this study provides an
overview of the existing literature on DR barriers in a C&I context and outlines a framework
for the assessment of barriers of DR participation, proposing four distinct barrier dimensions in
Section 1.2. Section 2 presents our research methods, comprising the recruiting of interview
participants, the interview structure, and data analysis. Section 3 comprises the results,
specifically the barriers identified in the interviews. Section 4 then discusses these results in
light of related studies. Section 5 concludes with a summary of the findings and suggestions for

practitioners and policy makers to encourage future participation in DR programs.

1.1. A review of demand response participation and barriers in the commercial and

industry sectors

A growing body of literature assesses the benefits and challenges regarding the uptake of DR
in the C&I sectors. However, the vast majority of these studies adopt a technical or utility
perspective [22]. For example, DR benefits and challenges are discussed from a systems
perspective for the UK by Strbac [23] and for Finland by Annala et al. [24]. By contrast, Murthy
Balijepalli et al. [25] perform a literature review from a smart grid perspective, while Good et
al. [26], as well as Nolan and O’Malley [27] classify barriers and enablers regarding DR in this
context. Other studies take on a technical perspective and identify industries with high
potentials for DR [e.g., 28] or provide an overview of DR enabling technologies, DR types, and
the present state of existing international DR programs [e.g., 29]. Gils [13] identifies a technical
DR potential of 25 GW in industry and 31 GW in the tertiary sector in Europe. As Dranka and
Ferreira [30] show in their review and assessment of DR potential categories, technical DR
potential is only one part towards reaching the realistic potential. The latter considers the level

of acceptance regarding DR interventions by consumers, which is necessary to realize a



successful implementation of DR programs in practice [30,31]. Nonetheless, studies that take
on the DR consumer perspective are so far underrepresented. This is especially true for C&l

consumers (as opposed to private consumers) [19].

Going beyond purely technical assessments of DR potential, some initial studies have
investigated the barriers that C&I companies might face when it comes to DR participation.
Most (though not all) of this work is qualitative and indicates a variety of potential barriers to
participation that are described and categorized in different ways. Grein and Pehnt conduct
personal and phone interviews with plant operators, research institutes, equipment
manufacturers, industry associations, and the statistical offices and administrations in the
German city of Mannheim to analyze the DR potential of refrigeration systems, as well as
perceived barriers toward participation in DR [32]. Overall, they identify legal, informational,
and organizational barriers in addition to technological and economic barriers. The first
comprehensive approach regarding the manufacturing industry provide Olsthoorn et al. [33]
who examine the industry’s perspective by conducting a survey on DR barriers in Southern
Germany. In their survey, Olsthoorn et al. distinguish technological, informational, regulatory,
economic, behavioral, organizational, and competency barrier dimensions [34].

Cardoso et al. are the first to provide an overview of DR barriers in the commercial sector as a
whole [31]. They conduct a literature review on DR barriers by taking on theoretical
perspectives from orthodox economics, behavioral economics, organizational perspectives, and
social practice theory as a categorization method. They find that a company’s small electricity
loads combined with a complex internal decision-making process can impede DR adoption and
cite hidden costs of participation, issues of bounded rationality and the actual end-use of

electricity within the company as identified DR barriers.

A further empirical study by Alcéazar-Ortega et al. presents findings from comprehensive
stakeholder interviews that adopt a market and regulatory perspective [35]. Based on their
interviews, these authors identify and weigh 34 barriers to DR implementation, including
regulatory and economic barriers as the most significant barriers. Lashmar et al. [36] present an
empirical investigation explicitly focusing on the consumer perspective of C&I companies.
Their interview study focuses on C&I companies in Australia that had already enrolled
successfully in DR programs [36]. They find that financial benefits are a primary motivation

for participation but few consumers associate DR participation with the benefits of providing



balancing services to the system and managing intermittent renewable energy generation.
Lashmar et al. conclude that with a growing investor focus on the energy transition,
communicating these non-financial benefits could be used as an opportunity to stimulate
participation [36]. More recently, Leinauer et al. [37] conducted 16 interviews focused on
obstacles to DR faced by industrial companies in Germany. They identify the risk of production
process disruption, insufficient revenues and cost savings, legislative contradictions, as well as
missing IT standardization and interoperability as the main barriers in their case study.
Furthermore, Alasseri et al. [38] underline the factor of regionality in their review of
implementation strategies for DR in Kuwait and highlight the need for a study on barriers for

DR implementation on a national level.

Several observations can be made about the present literature on DR barriers. Some early
studies on DR barriers consist of literature reviews [31] or surveys [33] and do not use
interviews to get information about perceived barriers to DR adoption [36]. Surveys often ask
for a rating of a given set of options (in this case, different DR barriers) [33] and therefore lack
the ability to identify new barriers [36]. Furthermore, due to the lack of an established taxonomy
on DR barriers, the early studies on DR barriers draw from the literature on energy efficiency
(e.g., Cagno et al. [34] and Sorrel et al. [39]). Although DR and energy efficiency are both part
of a company’s energy management, there are inherent differences between the two concepts,
suggesting that barriers on energy efficiency may not directly apply to DR adoption [36].
Studies that use an empirical approach did not specifically focus on consumers, but also
interviewed other stakeholders, such as grid operators, aggregators, retailers, and others not
directly belonging to the category of consumers [15,24,35,36]. Studies that conduct interviews
focusing specifically on consumers find new barriers, e.g., in the household, industrial, or
commercial sectors, thus helping to improve the understanding of DR barriers for consumers
[36,37,40-42]. More recent studies, such as Lashmar et al. [36] or Leinauer et al. [37], provide
a holistic approach for Australia and Southern Germany, and the C&I or industry sectors,
respectively. As regulations and DR programs may differ significantly between countries, these
are likely to considerably impact the perceived DR barriers of a study. Furthermore, focusing
on companies already participating in DR neglects companies that are holding back on DR
participation due to the barriers in question. In summary, barring a few initial studies, research
on the barriers to DR in the C&lI sectors is still scarce. We therefore build upon the findings of

the studies cited in the preceding paragraph. Our study takes both the commercial and the



industrial (i.e., manufacturing) sectors into account by presenting interview findings from
20 representatives from companies and national industry associations in Germany. Based on
these interviews, 16 barriers to DR participation were identified, thus broadening the so far
scarce literature on factors that impede DR program participation from the perspective of C&l

consumers.

1.2. Towards a common framework of demand response barrier dimensions

This study proposes a framework comprising four DR barrier dimensions based on the existing
literature with its different attempts to identify and classify barriers to DR participation, as
presented in Table 1. The work of Lashmar et al. [36] distinguishes between economic (and
market/regulatory), technical, social, and behavioral barriers derived from Good et al., who
provide a review and classification of DR barriers from a smart grid perspective [26]. Similarly,
Olsthoorn et al. [33] organize their identified barriers into seven dimensions (see Table 1).
Leinauer et al. [37] use the same barrier dimensions as Olsthoorn et al. [33] and
Cagno et al. [34]. The elaborate barrier dimensions presented by Olsthoorn provide a good
overview of different barrier categories. This study proposes similar barrier dimensions, yet
group the behavioral and competence barriers into the organizational barrier dimension, since
these barriers are inherent to the commercial organization that consists of individuals working
together [26]. Informational barriers are also mostly inherent to the organizational dimensions,
as individuals make decisions within an organization based on the information that they possess
at a certain point in time. This leads to a more parsimonious taxonomy of barrier dimensions
comprising (i) economy, (ii) technology, (iii) policy, and (iv) organization. These dimensions
are used to identify and categorize the barriers mentioned by our interview participants and

briefly describe each dimension.



Table 1. Existing DR barrier dimensions used in literature

Barrier Dimension/ T I R E B @) C
Study
Olsthoorn et al. [33] X X X X X X X
Leinauer et al. [37] X X X X X X X
Lashmar et al. [36] X (x) X X
Good et al. [26] X X2 X (x) x)
Cardoso et al. [31] XP XxP XP
This study X (x) X X (x) X (x)
T: Technological I: Information R: Regulatory E: Economic
B: Behavioral O: Organizational C: Competences

x:  Barrier dimension applied in study

(x): Barrier dimension applied as sub-dimension of another barrier dimension

2 not belonging to the fundamental barriers, but the secondary barriers, presented in their study (these further include: market
structures, physical, and understanding barriers) [26]

b Cardoso et al. do not specify the dimensions above in their study, but draw their conclusions from different theoretical
lenses [31]. We assigned the perspectives and conceptual barriers of Cardoso et al. to the above dimensions: O:“organizational

perspectives”, E:”cost related barriers”, B:”behavioral economics”

The first dimension Economy comprises costs, such as transaction costs or hidden costs and
(uncertain) revenues of DR participation [26]. Lashmar et al. find DR barriers such as additional
cost, comprising, among others, idle labor, wear and tear on equipment, and updating control
systems [36]. Furthermore, both Cardoso et al. and Olsthoorn et al. emphasize the critical role
that predictable cost play and that these costs can vary significantly between companies [31,33].
The Technology dimension captures risks considering the safe and functioning operation of
(production) processes. Olsthoorn et al., as well as Leinauer et al., identify in their study that
technical risk is a barrier to DR adoption [33]. Other DR barriers in this dimension comprise
the risk of lower product quality, high effort, and complexity within IT systems, lack of
computational capacity, or technical infeasibility of peak load reduction according to findings
of Leinauer et al. [37]. The Policy dimension represents barriers identified on the regulatory
level, which are barriers emerging from government policies, usually implemented via

regulation [26].2 Leinauer et al. specify regulatory DR barriers from literature, as well as their

2 Since this study focuses on German companies and associations, the barriers in the policy dimension have to be

interpreted in the context of German legislation.



case study in Germany, highlighting the existence of complex, restrictive or contradictive
regulatory frameworks and further identifying barriers such as prioritization of energy
efficiency measures, high costs and effort for prequalification or globally heterogeneous
legislation [37]. Barriers relating to internal organizational processes that need to be managed
are accounted for in the Organization dimension. In addition to behavioral, competence-related,
and informational barriers, following Sorell’s identification, two main organizational barriers
can be allocated to this dimension [26]: culture and power [43]. Lack of power relates to a
person’s inability to implement a DR program in their organization, e.g., by training staff or
providing the necessary technology [26]. Linked to power is the culture barrier, meaning the
prevailing company culture [26], that may hinder the adoption of DR if the company’s values
do not align with seeing participation in DR as important. Similar to Leinauer et al. [37], we
account for the interdependencies and relations of barriers between dimensions so that one

barrier may be categorized into more than one dimension.

2. Method

This study examines the role of drivers and barriers of DR participation. The empirical analysis
is based on 20 semi-structured interviews with representatives of C&l companies and
associations in Germany. Section 2.1 provides information on the sample characteristics,
followed by Section 2.2 detailing the interview structure. Section 2.3 outlines the data analysis .

2.1. Sample characteristics

Participants were recruited in two stages. First, 23 German industry and commercial sector
associations were contacted, asking whether experts from their association were willing to
participate in an interview. Second, the associations were asked to forward our interview
request to companies that were members of the respective association. Overall, 20 interviews
were conducted, including eleven interviews with representatives of C&I companies and nine
with interviewees from C&lI associations. The interviews can be categorized into the following

eight C&I sections from the German federal statistical office [44] (see Figure 1).
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Figure 1. Number of interview participants sorted by industry branch and distinctive products

Since experts from the respective C&I sectors were contacted, most participants were division
managers of either energy procurement, climate protection, resources or circular economy. In
six cases, the managing directors of the respective company or association participated in the

interviews (see Figure 2).

division manager energy procurement/climate
protection/resources/circular economy

= managing director

12

= employee (department climate
protection/controlling/project management)

head of engineering/technology/plant infrastructure

= advisor for energy and climate policy

Figure 2. Classification of interview participants by job description

In contrast to Lashmar et al. [36], more than half of the companies in this study already provided
flexibility at the time of the interviews, one company had been providing flexibility in the past,
and three companies did not provide flexibility, with one having examined the option and
decided against it afterwards (Figure 3).



Flexibility provision
" no

no (after consideration)
no information
" yes

yes (in the past)

Figure 3. Number of interview participants representing a company that already partake in

demand response programs

Regarding the companies that partake (or had partaken in one case) in flexibility provision, six
companies provided balancing power for the secondary control reserve and one company for

the tertiary control reserve, as shown in Figure 4.

1

Flexibility provision Type of balancing power
yes = secondary control reserve
= no (after consideration) * tertiary control reserve

" no

no information

Figure 4. Number of interview participants representing a company that participates in

demand response by providing balancing power in the secondary or tertiary control reserve

In addition to participation in the balancing power market, Figure 5 visualizes that one company
provided interruptible load, a second had been pre-qualified and about to participate, while

seven companies did not participate in this flexibility option [12].
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Interruptible loads
= no

no information
= yes

yes (pre-qualified)

Figure 5. Number of interview participants providing interruptible loads

2.2. Interview structure

The interviews took between 30 and 60 minutes and were conducted via video calls due to
COVID-19 travel and contact restrictions during that time. The interviews’ audio was recorded
after written consent was obtained from the participants. We used a semi-structured interview
method in order to both cover relevant aspects of DR participation but also to allow participants
to express their own ideas and views regarding specific DR potentials and barriers [45]. The
interview guideline was structured into three sections: In the first section, the interviewees were
asked to introduce themselves, identify their field of work, and provide some general
information about their companies’ energy use and whether they were already participating in
DR programs. The second section focused on questions about processes and technologies that
could potentially provide flexibility, accounting for the technological and, if applicable,
economic barrier dimensions. The third section assessed potential difficulties regarding
participation in the DR program by assessing economic, political, and organizational barriers

in more detail. The interviews closed with open questions about further barriers.

2.3. Data analysis

The audio recordings of the interviews were transcribed using the software f4transkript [46].
Subsequently, the transcribed interviews were coded by using a hybrid inductive-deductive
approach to identify the different DR barriers [47]. The hybrid inductive-deductive approach is
a method used in qualitative content analysis. Relevant aspects (e.g., mentioned barriers to DR)
are denoted as categories of a content analytic category system and text passages are allocated
to this category system [47].
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Figure 6. Hybrid inductive-deductive approach (adapted from [48])

Figure 6 details the process of the inductive-deductive approach. The deductive part of the
analysis consisted of a pre-defined category system that was derived theoretically, in this case
the barrier dimension framework. The specific barriers mentioned by the interview participants
were then formed inductively and allocated to one or more dimensions [47]. In other words, the
theoretically derived barrier dimensions from the literature (organizational, political, economic,
and technological) were used as an a priori coding structure. The coding process consisted of
analyzing the transcript regarding these barrier dimensions, subsequently identifying and
defining specific barriers that could be connected to them. During this process, all text passages
were coded. More specific sub-codes for individual barriers were inductively derived during
the coding process to precisely differentiate between the barriers mentioned by the
interviewees [49]. In the last step of the analysis, the identified barriers were analyzed and
interdependencies between barrier dimensions were documented. Specifically, we examined
what barriers were identified across C&Il companies and associations and how they related to

their respective barrier dimension.

3. Results

In this section, the barriers identified by the interviewees are presented and assigned to the
barrier dimensions derived from the literature, taking into account interdependencies and
14



relations to other dimensions. This is followed by the assessment of the most frequently

identified barriers across C&I associations and companies.

3.1. Demand response barriers: identification and categorization

Overall, our analysis identified 16 barriers to DR participation. Table 2 presents the barriers and
provides a short definition in which context the barrier was mentioned by the interviewees.
Furthermore, this study organizes the identified barriers according to the overarching barrier
dimensions policy, technology, economy, and organization (see Figure 7). As some DR barriers
are related to more than one overarching dimension, we use a Venn diagram instead of discrete

categories to visualize the interrelations between the dimensions.
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Table 2. Inductively identified barriers to demand response participation

Barrier

Description

10

11

12

13

14

15

16

Advance-notice-time
Core business
Energy efficiency
Equipment wear
Overall missing

acceptance

Personnel planning

Production capacity

Product quality
Profitability
Regulatory complexity

Regulatory
restrictiveness

Storage capacities
Space requirements
Supply contracts

Third party control

Up-/Downstream
processes

e Time and staff needed to check and/or adapt production
and or personnel schedules

¢ DR is not or will not become a core business, so that
developments in this area are not prioritized

e May decrease at the cost of providing DR

e Fear of equipment wear: more frequent and/or more
extensive up/down ramping of production processes with
potentially negative effects on machinery

¢ Obstacles within the organization (individual
employees/supervisors that need to be convinced of the
changes/need for DR)

e Personnel planning may need to be re-scheduled
spontaneously

e Economic implications for re-scheduling and increased
hourly wages for night-shifts, weekends or holidays

¢ Regulative specifications need to be accounted for

e May need to be increased to make up for the time lost
during the DR event since existing capacity runs near
100%

e Fear of decreased product quality due to (spontaneous)
DR events (power band limits are exceeded or undercut)
¢ Value of DR unclear or too small to actually profit

¢ Hidden (unforeseen) costs may be too high

¢ Organizational effort to allocate human resources to
regulation questions regarding DR implementation

e Existing regulations interfering with participating in DR
e Economic disadvantages when dealing with regulatory
requirements

e Technological conditions (e.g., size of plant, technical
DR potential) may not fit to program requirements

¢ Need to increase storage capacity to produce more in
stock prior to DR event (physical and electricity storage)
e Space limitations in case production or storage capacities
need to be increased

e May be breached or needed to be re-negotiated in case
DR event leads to production delays

e Unwillingness or fear of dependence on external signals
that may directly interfere with the production process
(e.g., automatized control from grid operator)

e Fear of equipment wear, external signals may harm the
equipment if they come at the wrong time or give a wrong
target value forcing the process to ramp up/down

e Linked processes may hinder DR due to technical
requirements (storage, continued production)
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Some of the specific barriers could be uniquely allocated to one overarching barrier dimension.
The barriers equipment wear and up-/downstream processes are distinct technical barriers, directly
linked to the risks regarding the safe and functioning operation of production processes during a
DR event. The barriers concerning profitability and supply contracts were allocated to the
economy dimension, which represents underlying cost and revenue uncertainties. The
organizational dimension comprises barriers that need to be overcome within a company in
order to participate in a DR program. Both a reluctance to accept third-party control and a
general lack of acceptance are barriers mentioned by several interviewees that are uniquely
connected to the organizational dimension. The first involves an aversion to giving up
autonomy over production processes in case of a DR event that requires production to be
ramped up or down for a certain period. A general lack of acceptance can have a multitude of
reasons, which are described in more detail in Section 3.2. No barriers were identified that solely
belong to the policy dimension, regarding the barriers regulatory complexity and regulatory
restrictiveness. This can be explained by the fact that a multitude of barriers is related to more than

one barrier dimension.

Policy Technology

Equipment wear

Up-/Downstream
processes

Third party Product Quality »
control Regulatory Energy Efficiency Profitability
Complexity ) :
Production Capacity

Storage Capacities

Overall Missing Supply
Acceptance Contracts

Advance-
notice-

. . z (SBp&ce Requn(ng}r:lents ;
Organization < ersonnel Planning Economy

Core Business

Regulatory Restrictiveness

Figure 7. Assignment of DR barriers identified by C&I companies and associations to the four

superordinate dimensions

While we did not find barriers solely related to the policy dimension, regulatory complexity

emerged as one barrier in the shared space between organization and policy. This barrier refers

to the organizational cost of allocating human resources to questions regarding the regulatory
17



framework for DR implementation. The overlap between the two dimensions indicates that the
issue is not about a general lack of clear regulations or policies allowing the participation in
DR, but about these regulations often being complex and thus requiring a significant amount of
organizational capacity to manage them. A similar issue arises for regulatory restrictiveness
that refers to conflicting or contradicting regulations which may result in financial
disadvantages if a company decides to participate in DR. The German regulatory framework,
for example, stipulates that energy-intensive companies (i.e., those with more than 10 GWh of
electricity consumption per year) only receive a reduced grid fee if their electricity consumption
is constant (i.e., 7000 full-load hours per year). Several interview partners remarked that their
eligibility for the reduced grid fee might be contradictory with participation in DR events, as
the latter would require greater fluctuations in consumption to react to DR events. Similarly, in
the case of atypical grid usage, a company's peak consumption may not fall within a time
window specified a-priori by the local grid operator [50]. However, participating in DR
programs may entail short-term load shifting or load shedding, possibly breaching the legal

threshold for individual grid fees.

Some barriers were related to both the technological and economic dimensions. This included,
for example, the interviewees’ concerns about product quality, which could arise from non-
optimal temperatures at certain production steps, resulting in deviations from specified
standards. Product quality is also related to economic concerns, as a deviation from specified
standards can result in products unsuitable for selling or breaching supply contract
specifications, which can again result in monetary penalties. Furthermore, the risk of a loss in
production was mentioned, as machinery may not be fully utilized. In addition, deviating from
optimal technical configurations in production during a DR event can lead to a loss of energy
efficiency, thereby increasing the overall energy input, which, in turn, leads to an increase in
costs. Several interviewees cited production and storage capacity limits in the context of the
need for pre- and post-production of goods. More specifically, as production decreases or stops
during a DR event, it is necessary to increase production before or after to meet the production
targets. In both cases, a direct relation to the technology (the production process) as well as to

the economy (the entailed cost of investment, running cost, etc.) dimension exists.

In two cases, three dimensions related to an identified barrier. The barrier concerning space

requirements refers to the technological aspect of providing the space, e.g., for an expansion of
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production capacity (technology dimension), where space requirements not only incur costs for
the space itself (economy dimension), but also for space management (organization dimension),
which was mentioned by several interviewees. Finally, personnel planning entails the required
staff schedule planning to prepare for DR events (organizational dimension) and the related
costs for additional staffing and weekend and holiday bonuses (economic dimension).
Furthermore, interviewees emphasized the expenses for organizational and legal matters to be
considered as well, e.g., negotiations with trade unions or juridical questions regarding labor
law (organizational dimension). As in the case of the policy dimension, there also exist dimension
interrelations that no barrier could be allocated to, such as policy-technology (see Figure 7). This
does not necessarily mean that no barriers exist that could be allocated to these dimensional
interrelations, but the interviewees in this study did not identify barriers corresponding to these

kinds of interrelations.

3.2. Demand response barriers: perception

Following the categorization of barriers and their respective relations and interdependencies
between dimensions, we analyzed the specific barriers in more detail, in particular regarding the

frequency with which they were mentioned.

The most frequent barriers are those that were identified by at least ten interview participants and
are ranked in Table 3. By far the most often mentioned barrier was profitability, or the lack
thereof, with 17 interview partners citing this barrier. More specifically, revenue uncertainty
was mentioned regarding uncertainty about the number of DR events and the compensation
from participating in DR programs potentially being too little to cover the related costs and
risks. The interview partners described the additional costs as the costs of human resources due
to changes in work schedules, e.g., overtime or holidays, and the human resources needed for
planning and rearranging shifts. These costs further entailed running costs, such as idle labor,
costs of lost production, costs of intermediate products to decouple interlinked processes, the
risk of equipment wear and tear or an increase in energy carrier costs due to an overall increase
in energy consumption, and additional costs such as investments in additional production
capacities. Regarding the latter, our respondents generally planned with short payback periods
(e.g., of two years) to make investments worthwhile. Lastly, some interview partners also
pointed out a substantial degree of international competition, which means that the additional

costs of DR participation must be covered to not jeopardize competitiveness.
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The most cited barrier in relation to the technology dimension was product quality. Fourteen
interview partners made statements on this barrier dimension, and this barrier was described in
different ways. Some processes were described as technically non-interruptible (at least not
without serious harm to equipment or products). Some interviewees went into more detail about
technical restrictions to ensure product quality and cited, for example, narrow temperature
bands in manufacturing or product waste due to quality deficiencies. In this regard, one

interview partner said:

“[...] the product quality and the achievement of an appropriate product quality must

be the absolute priority.” #interview3 (translated from German)

Another interviewee remarked that manufacturing costs in Germany are already among the
highest relative to other countries, and superior product quality is often a central aspect of
maintaining competitiveness in the international market. Companies in the manufacturing
sector would therefore be reluctant to jeopardize product quality. Interdependent processes,
described here as up-/downstream processes were mentioned by half of the interviewees, who
stated that some (production) processes are too closely linked and either do not possess or do
not allow buffers (e.g., such as product storages) to operate the processes independently of each

other for a certain time interval, as stated by one interviewee:

“For all things in the foundry it's like this: When I melt, I also have to form. And when
I form, I also have to be able to cast, and then I need the cores for that. [...] | need

everything. The whole chain." #interview12 (translated from German)

Idle labor was mentioned in terms of personnel planning by 11 interviewees, further accounting
for the challenge of rearranging shifts in accordance with employees on short notice. In
addition, in some cases an inflexible shift planning was stated, as well as the possibility of non-
acceptance of a change in shifts, e.g., from workdays to the weekend or holidays. As one

interview ironically remarked:
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“Then you have to tell your employees to make up for the production loss on Saturday or
Sunday. Everyone will be extremely pleased. (ironic undertone) ” #interviewl6 (translated

from German)

However, this point of view varied greatly between industrial companies, with some
interviewees pointing out a high prospective motivation of employees to work on weekends or
holidays due to extra compensation (holiday and weekend premiums).® Interviewees from the
retail sector indicated that flexibility measures targeting office temperatures might cause
aversion from employees with a potential increase in sick days. In most cases, the identified
barriers to personnel planning also led to concerns about confrontations with trade unions and

German labor law.

Eleven interview partners discussed the issue of a general acceptance of DR participation. This
included a general aversion to changing the status quo, identifying established structures and
expectations with regard to work processes and work environments within the organization, as
well as the effort to convince supervisors and staff of the necessary changes and the necessity
of DR participation. Interestingly, concerns about changing the status quo were often not
discussed as a barrier for the interviewees but as a concern towards other people in the

organization.

% In Germany, companies are not required by law to pay weekend and holiday premiums. However, this is common
practice in many industries, even though the premiums differ considerably between industries.
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Table 3. Most frequent mentioned demand response barriers, ranked by number of

nominations

Rank Counts Barrier Reasons

1 17 Profitability ¢ Revenue uncertainty

¢ Too little compensation to cover
costs/risks

o Cost of human resources

o Transaction cost

¢ Not enough capacity to offer to become
profitable

o International competition

2 14 Product quality ¢ Non-interruptible processes
o Restrictive product quality specifications
o Fear of product waste

3 11 Personnel planning o Idle labor

e Employees’ aversion to room
temperature adaption

o Staff availability in DR event

o Inflexible shift planning

¢ Non-acceptance of work schedule
change

¢ Consolidation with union and labor law

11 Overall missing acceptance o Aversion to changing the status quo

¢ Obstacles within the organization

o Heterogeneity within certain industrial
sectors impedes systematic DR planning

e Lack of knowledge within the
organization

¢ Not enough potential; therefore too little
economic incentive to participate

4 10 Up-/Downstream processes e Processes too closely linked, no buffers

For example, interviewees that worked as energy managers in their company often expressed a
positive attitude towards participating in DR but voiced the concern that participation would be
less accepted among employees responsible for manufacturing processes or product quality, as

shows the following remark:
“The next problem is that the person in charge of food safety in the store yells out and

says, 'You guys are nuts! What are you doing to the food?’ Because if the network
operator then leaves the electricity switched off for too long in ten minutes and then the
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cold chain is interrupted, then | can throw the whole batch away" #interviewl4
(translated from German)

Moreover, participants from industrial associations pointed out the great heterogeneity within
certain industrial sectors, impeding a systematic DR planning and implementation. Some
interviewees that were potentially open towards DR participation had already assessed its
potential. However, due to market barriers such as minimum capacities (e.g., minimum bid
sizes in the balancing power market) or too little technical potential in the company, these
interview partners concluded that participation would be economically unattractive, particularly
in conjunction with current regulatory restrictions. Multiple interviewees agreed with the
importance of participating in DR programs, but pointed to other technologies, industry sectors,
or even to the residential sector with the expectation of exploiting their respective DR potential
first. In other cases, a lack of knowledge within the organization about DR programs or the
organization’s technical DR potential was expressed, making it difficult to assess whether

participating in DR would be feasible or not.

Some barriers were not mentioned as frequently as the previously presented ones, which does not,
however, lessen their importance for the respective interviewee. Supply contracts (mentioned by
eight interviewees) describe the fulfilment of services, for example obligations to companies or
private customers in the retail sector. In this context, interviewees especially mentioned supply
contracts as the binding priority over DR program participation. One interviewee stated the
importance of upholding delivery times, as well as the risk of reputational damage if contracts

cannot be fulfilled.

“The customer is king and wants his products delivered at the agreed time. That is a

completely different way of thinking.” #interview12 (translated from German)

Restricting regulatory frameworks (stated by eight interviewees) were mentioned by
interviewees with regard to conflicting and contradicting regulations. In Germany, for example,
the grid charges for metered consumers (usually industrial and large commercial consumers)
are calculated based on a capacity price component and an energy price component. Therefore,
DR participation could result in additional costs, as DR events could push peak power

consumption to make up for the lost production. Additionally, the fear was expressed that if
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energy intensive consumers would reduce their energy consumption as a result of DR adoption,
they could fall out of the individual grid fee option leading to higher electricity costs, as one

interview remarks:

"And if you then somehow reduce the power too often and use too little power, you then
lose the individual grid fee, which then accordingly, yes, would not be made up for by

other compensation that currently exists." #interviewl3 (translated from German)

Regulatory complexity (mentioned by seven interviewees) was cited in terms of unclear and
fast changing frameworks interfering with planning security, as well as the immense
bureaucracy involved in managing regulatory interdependencies. The aversion to cease control
over production processes and appliances to a third party (mentioned by five interviewees)
varied among interviewees. Some interviewees consider handing over control at predefined
time intervals to be acceptable, while others see no possibility of allowing direct or automated
access to internal processes at all. Even though third party control was in some cases completely
rejected, some interviewees agreed to prior notification and (indirect) automatized third party
control, partially with override control or in pre-defined time intervals, as expressed by one

interviewee:

"If we can specify time windows where we can say that you are free to dispose of it /... /.
Then something like that would definitely be externally solvable. Definitely. But there
must be the possibility for us to prevent this external shut down for a short time in special

situations." #interview8 (translated from German)

3.3. Analysis of barrier count by sector, interviewee and flexibility provision

We next considered the prevalence of the specific barriers in light of the companies’
engagement in flexibility provision. Figure 8 shows the barriers encountered by companies
participating in flexibility programs with those that do not. As the majority of companies
(seven) has experience with flexibility provision, the barrier count is correspondingly higher.
Furthermore, it can be seen that companies that provide flexibility also identified slightly more
unique barriers than companies that do not. In particular, only the companies already partaking
in flexibility programs mentioned barriers such as regulatory restrictiveness and regulatory

complexity. Identifying these barriers indicates that the concern for companies that already have
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experience with DR have encountered the challenges around regulatory restrictiveness and
complexity in the qualification process of flexibility provision.
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Figure 8. Counts of identified barriers by interview participants (companies), distinguished by
their respective participation in flexibility programs

Regarding the variety of barriers, the interviewed associations and companies did not vary
significantly, as presented by Figure 9. Regulatory concerns about complexity and
restrictiveness were mainly identified by associations. The lack of profitability presented in
both categories the most important barrier, while companies also prioritized up- and
downstream processes, product quality and personnel planning. This also accounts for
autonomy and the advance-notice-time, which might be due to their closeness to their respective

production processes and equipment, resulting in protectiveness.
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Figure 9. Counts of identified barriers distinguished by company and association

The investigation of DR barriers by industry branch in Figure 10 shows that no barrier was
exclusively applicable to one industry. Regulatory complexity and restrictiveness were
identified across almost all sectors, as well as the lack of profitability. Autonomy was identified
in half of the industry branches comprising glass, manufacture of beverages, non-ferrous
metals, paper and pulp products and warehousing. The non-ferrous metals industry had the
highest number of interview participants (and thus the best representativeness) and also the
highest amount of barrier counts and variety. In this industry, product quality, up-/downstream
processes, and lack of profitability were the most prominent barriers. In real estate, the most
important and only barrier identified was personnel planning, which mainly concerned
employee satisfaction regarding possible temperature changes when tapping into the heating or

cooling flexibility of office buildings.
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Figure 10. Industry specific demand response barriers

3.4. Enabling activities

In addition to identifying DR barriers, interview participants also mentioned activities that

could enable them to overcome these barriers. Following the example of Lashmar et al. (2022),

we further analyzed the interview transcripts for enabling activities to overcome the mentioned

DR barriers and found 13 enabling activities that are presented in Table 4.
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Table 4. Enabling activities the interviewees identified to overcome the mentioned barriers

Enabling activities Count
Demand response program type

Sufficient advance-notice time

Managing expectations within the company

Overcoming space requirements and storage on site

Third party access acceptance

Existing excess storage capacity

Voluntary participation

Existing excess production capacity

Automation

Third party access acceptance

Enhance knowledge on processes and their up-/downstream
linkages

Mitigate additional running costs (e.g., flexible workforce)
Voluntary participation

[EEN
P NDDDNMNDNWWWO O

N

In accordance with Lashmar et al., the most often discussed enabling activity concerned the
selection of the demand DR type. This comprised the company accounting for technological
restrictions, safeguarding the production process equipment, and upholding standards (e.g.,
narrow temperature bands), but also included ensuring client or employee temperature comfort.
Thus, barriers such as product quality reduction, energy efficiency, personnel planning and lack
of profitability could be addressed. In addition, the incentive design of the demand response
program could play a major role in the program’s selection. One participant identified a fixed
payment regardless of the amount of DR events per year that required load shifting or shedding
as one way to counter revenue uncertainty. Almost half of the interview participants mentioned
a sufficient advance-notice-time as an enabler to foster DR participation. While six participants
stated that at least a day or two prior notice would be needed to prepare for the DR event (e.g.,
adapting production and personnel schedules), two participants agreed to at least 15 minutes
and one participant to one week prior notice. This variation likely reflects the heterogeneity in

production processes or services across different sectors.

As Table 5 shows, an enabling activity can address multiple barriers and vice versa. Due to the
multifaceted nature of the barriers despite an identified enabling activity, the activity might not
be sufficient or applicable to account for all the facets of the respective barrier. However, the
identified enablers build directly on the participant’s perceptions and requirements, suggesting

that a company can overcome some barriers internally [36]. For some enabling activities, the
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pre-requisites do not only depend on the consumers. To choose a suitable demand response

program type, fitting demand response programs need to be implemented in the first place.

Table 5. Enabling activities, their impact on specific barrier and barriers without enablers

Enabling activity

Addressed barriers Barriers without

enablers
Demand response program type Product quality; energy Regulatory
efficiency; profitability; restrictiveness
personnel planning
Sufficient advance-notice time Advance-notice-time; personnel ~ Regulatory
planning; product quality complexity

Managing expectations within the
company

Space requirements and storage
onsite

Third party access acceptance
Existing excess storage capacity
Voluntary participation

Existing excess production
capacity

Automation

Delegation of DR management to
third party

Enhance knowledge on processes
and their up-/downstream
linkages

Mitigate additional running costs
(e.g., flexible workforce)
Voluntary participation

Personnel planning, overall
missing acceptance

Space requirements, storage
capacities

Autonomy

Storage capacity
Profitability; product quality
Production capacity

Equipment wear

Autonomy

Autonomy; personnel planning;
core business

Up-/downstream processes

Profitability

Product quality; supply contracts

4. Discussion

Commercial and industrial organizations can participate in DR measures through load shifting

or load shedding. This research aimed to examine the barriers to DR adoption in the C&I sectors

by conducting 20 semi-structured interviews with experts from C&I companies and

associations. The DR barriers identified by the interviewees have been analyzed and

categorized into four barrier dimensions (i) economy, (ii) technology, (iii) organization, and

(iv) policy, by accounting for interrelations between dimensions. This section discusses the

critical barriers in the context of the present state of research in Section 4.1 and details the

limitations of the empirical investigation in Section 4.2.
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4.1. Critical barriers

From the 16 distinct barriers identified in our analysis, five barriers emerged as the most
frequently discussed barriers by our interviewees from the C&I companies and associations.
These critical barriers comprise (i) the lack of profitability, (ii) the fear of reduced product
quality, (iii) multiple aspects regarding personnel planning ranging from additional
expenditures to consolidation with the labor union, (iv) an overall missing acceptance and (V)

the technical interdependencies with upstream and downstream processes.

Profitability is discussed as the main driver for DR participation. In turn, a lack of profitability
(i.e., revenue uncertainty and insufficient financial incentives) was described as the main barrier
for participation, which corresponds to the findings by Leinauer et al. and Lashmar et
al. [36,37]. Our interviewees further identified the risk of a decrease in delivery reliability,
possibly resulting in the loss of additional business opportunities due to supply shortages, which
matches the findings from Leinauer et al. [37]. Uncertainties about profitability could be
addressed with simplified regulations and incentive structures, as well as by providing adequate
and tailored information about the consequences of participation. The interviewees highlighted
the risk of reduced product quality, which is consistent with Leinauer et al. and
Lashmar et al. [36,37]. However, this kind of barrier can be overcome by precisely setting the
specifications for participation in a DR program that, in any case, is entailed in the
prequalification process. Such a prequalification process ensures safe load shifting, shedding,
or energy carrier switch during a DR event while maintaining the technical specifications to not
damage the production equipment and maintain product quality. Fears like a decrease in product
quality further point out a certain lack in knowledge or an aversion to thinking about DR
participation in general, since the prequalification process for the adoption of DR programs

could solve these concerns.

A critical barrier identified in our study is personnel planning. Our participants mention
multiple essential aspects in this regard. They express their concern about employee satisfaction
when having to work very flexible shifts. Furthermore, the change in shifts would possibly lead
to conflicts with labor unions and juridical questions regarding labor law. The occurrence of a
DR event on short notice could possibly lead to idle labor and hence, to additional personnel
expenditures. The risk of higher personnel expenditures is consistent with Leinauer et al. [37],
while Lashmar et al. [36] categorizes additional work for personnel as a social barrier. However,
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the findings about employee satisfaction or the implications to the need of consolidation with
the labor union and labor law have not been described in previous literature and are hence newly
identified. Announcing a DR event multiple days in advance, as opposed to short-notice events,
could possibly help overcome this barrier. Barriers such as competing business resources and
additional work were identified by the interviewees in our study and support the findings of
Lashmar et al. [36], who declared these two barriers as newly identified by their interviewees

compared to the existing literature.

The fact that DR programs or energy management are often not part of the core business is a
critical barrier in our study and is consistent with Leinauer et al. [37]. Even though this barrier
is not identified by Lashmar et al. [36], a relation to the aversion of changing the status quo,
identified in this study as part of an overall missing acceptance as well as by Lashmar et al. [36]
may exist, since this inertia may come from DR and energy management not being a priority in
organizations. In this study, the barrier was expressed by multiple interviewees and can be
further related to the NIMBY (not in my backyard) problem. Most interviewees showed some
interest in DR which they express both by their willingness to participate in the interviews and
their statements during the interviews. However, when asked about their potential participation
they often referred to other sectors stating that these had higher DR potentials, so that their own
participation would not make much of a difference. The issue of technological
interdependencies between production processes has also been identified by Lashmar et al. [22],

which supports our assumption that also country independent, general barriers exist.

As the comparison to similar literature targeting the C&I sectors reveals in this section, the
demand response barrier dimension framework deduced in this study can be extended to
account for further barriers found in studies beyond the interviews conducted here.
Additionally, we suggest that the framework may be applicable to further demand response
barrier research in other sectors, such as the transport sector (bi-directional charging) or the
residential sector. The latter indicates promising applicability, as Alasseri et al. [51] formulate
challenges in demand response implementation in the residential sector, such as governmental
support, consumer awareness, policies/regulations, costs, and technical requirements, which
can very well be allocated in the four dimensional framework considering policy, economy,

organization and technology related demand response barriers.
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4.2. Limitations of the empirical investigation

The generalizability of our results is subject to certain limitations. The limited number of
interviews and variety of interview partners regarding industry branches and sectors, make it
difficult to assess the comprehensibility of the results from this study. The interview partners
varied concerning their position, ranging from energy managers and members of the
management board of companies to association representatives. This may lead to different
levels of knowledge about DR programs and potentials, leading to different motivations,
opinions, and identified barriers. Of course, the variety of interview partners (associations,
medium to large-scale companies, less and more energy-intensive industries/commercial
companies) leads to very different perceptions of barriers. Hence, it is possible that further
barriers exist and need to be identified, and that barriers that interviewees in this study did not
mention often may be actually crucial in a different industry sector or company. In addition, the
variety in industry sectors and interview partners did not allow for further significant
conclusions considering the commonalities and differences between sectors. Focusing on this
in follow-up studies would allow a considerable contribution to this research area. Nevertheless,
we managed to interview experts from a variety of commercial and industrial sectors. We found
a substantial degree of commonalities in the identified barriers as well as distinctions between
sectors and companies. Our study thus continues to develop the still scarce body of literature
on barriers in different C&I sectors, enabling more robust and generalizable conclusions about
the importance of different barriers. In our study, we identified DR barriers relating to German
legislation. Hence, differences in the regulatory frameworks across countries may result in more

or different barriers for C&I companies.

Furthermore, since conducting the interviews, a lot has happened in the geopolitical context
within Europe. With the start of the Russian invasion of Ukraine in 2022, a so-called energy
crisis with gas shortages [52] and a rise in gas and electricity prices [53], among others, has led
to substantial challenges for consumers from all sectors, especially energy-intensive
industries [54-56]. These new circumstances would likely lead to very different results if we
repeated the interviews in the present situation. In a situation with high uncertainty (regarding
energy carrier supply and prices), companies may become more risk averse, which could lead
to perceiving more barriers in the realm of DR adoption or the categorical non-acceptance of
even considering DR adoption. Conversely, substantially higher energy prices may encourage
innovative decision-making beyond the core business, including DR participation, which could
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offset some of the higher energy costs. Generating new data from interviews or surveys
specifically targeting this situation could shed more light on these recent developments.

5. Conclusion and future directions

In this empirical study, we investigated DR barriers by conducting 20 interviews with
representatives from German commercial and industrial (C&I) companies and associations. Our
analysis revealed 16 barriers, allocated to organizational, economic, policy, and technological
dimensions, accounting for interdependencies among them. Notably, technology and economic
barriers exhibited pronounced correlations, while many barriers exhibited multiple relations to
different dimensions. Additionally, barriers within the policy dimension consistently exhibited

links to at least one other dimension.

In-depth analysis and a comparison with recent literature identified five critical barriers: (i) lack
of profitability, (ii) fear of reduced product quality, (iii) implications for personnel planning,
(iv) overall missing acceptance, and (v) technical interdependencies with upstream and
downstream processes. Other noteworthy, if less frequently mentioned, barriers included
compliance with supply contracts, restrictive regulatory frameworks, and regulatory
complexity, often linked to German regulatory frameworks. This study also identified
13 enabling activities for overcoming barriers in DR adoption, the most frequent mentioned
ones comprising an adequate DR program type, an adequate advance notice time, and managing

expectations within the company.

Identifying DR barriers and enablers supports the development of strategies to overcome these
challenges. While some barriers may be addressed through internal resources and information
dissemination, our findings emphasize the necessity of adapting external incentives and
regulations to facilitate DR adoption. Raising awareness about DR programs and their
associated barriers and benefits may encourage C&I companies to surmount these challenges.
Focusing on reducing fears may lay the groundwork to overcome the barriers related to fears,
such as a reduction in product quality that, e.g., could be resolved by raising awareness about
the already existing extensive prequalification process that precedes participation in German
DR programs. Furthermore, regulatory frameworks should be enhanced to reduce legislative

contradictions and competition among financial incentives. By simplifying corporate decision-
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making processes, DR participation can be promoted, aiding C&I consumers. Examining the
barriers identified and the underlying motives and fears can help decision-makers devise

strategies to support C&I consumers in participating in DR.

Further research could delve deeper into variations in barriers across different industrial sectors,
enabling targeted strategies for specific segments. Expanding the study's scope internationally
can enrich the understanding of barriers, especially in the context of divergent legislative
frameworks and unexplored best practices. Shifting the research focus from barriers to enablers
and measures for resolution can assist policy makers and market operators in improving

regulatory frameworks and promoting the advantages of DR participation.
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