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Various flexibility options in power systems, such as storage, grid expansion, and demand flexibility, gain
increasing importance to balance the intermittent power supply of renewables. On the demand side, especially
the industrial sector represents promising potential for Demand Response, i.e., the alignment of its power de
mand with the current power supply of renewables. However, there exist various obstacles that currently prevent
companies from investing in new or (fully) exploiting existing flexibility potentials. In this paper, we investigate
how economic, regulatory, technological, organizational, behavioral, informational, and competence obstacles
pose barriers for companies to adjust their power consumption flexibly. For this purpose, we combine both a
structured literature analysis and a case study. For the case study, we conduct 16 interviews with energy experts
from companies from different industries. Our findings reveal that due to technical risk of disrupting the pro
duction process, lacking revenues, and too low cost savings, companies do not flexibilize their power con
sumption. Moreover, in particular, contradictory legislative incentives and missing IT standardization and
interoperability represent key obstacles. Therefore, our results constitute a basis for targeted policy making in
order to foster the exploitation of (existing) flexibility potential of industrial companies on the demand side.

1. Introduction
In the course of the energy transition, the share of variable power
from wind turbines and photovoltaic plants is continuously increasing in
many countries (Hansen et al., 2019). With the associated growing
generation intermittency, the power system faces the challenge of
maintaining the necessary balance between power supply and demand.
Hence, there is a need for additional flexibility, which refers to measures
that adapt power generation and consumption (Lund et al., 2015). In the
past, primarily the supply side, i. e., conventional power plants, pro
vided the necessary flexibility. With the expansion of Renewable Energy
Sources (RES), however, conventional power plants are pushed out of
the market due to the merit order effect (Sensfuβ et al., 2008). In
addition, RES are only able to offer limited flexibility as it is only
possible to lower their feed-in. As a result, flexibility on the supply side is
decreasing (Ding et al., 2018; Papaefthymiou et al., 2018).

Papaefthymiou et al. (2018) describe this development as the “flexibility
gap”.
Literature indicates that there are mainly four flexibility options to
address the flexibility gap: (New) flexibility on the supply side, flexi
bility through storage, flexibility in form of an expansion of the power
grid, and flexibility on the demand side (Gils, 2016; Lund et al., 2015;
Müller and Möst, 2018). Initial expenses for investing in energy storages
are still high (Brouwer et al., 2016) and new transmission lines face long
construction time with delays and public resistance (Perras, 2015).
Therefore, flexibility on the demand side represents a promising solution
to close the flexibility gap and is generally considered as a competitive
flexibility option with comparatively low marginal costs (Gils, 2016).
The demand side typically includes the industrial, residential, com
mercial and public services, transport, agriculture/forestry, and fishing
sector. Thereof, the industrial sector accounts for the largest share of
power consumption (world average 40%) (International Energy Agency,
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2020). Given its high share, the industrial sector may exhibit great
flexibility potentials (Sauer et al., 2019; International Energy Agency,
2020). Generally, there are fewer but more power intensive consumers
in the industrial sector compared to the other sectors. The exploitation of
(industrial) demand flexibility promises advantages for both, the power
system’s balance and for the flexibility supplier. Therefore, demand
flexibility of the industrial sector may significantly contribute to closing
the arising flexibility gap.
Despite significant potentials of demand flexibility for industrial
flexibility suppliers and increasing possibilities to monetize Demand
Response (DR) in recent years (Paterakis et al., 2017), many
power-intensive companies still refrain from supplying flexibility
(Unterberger et al., 2018). Only few existing publications explicitly
examine obstacles to the implementation of demand flexibility in the
industrial sector. Grein and Pehnt (2011) present some obstacles for DR
in the specific case of refrigerating warehouses. Alcázar-Ortega et al.
(2012) conduct a similar analysis specifically for the meat industry,
whereas Zhang and Grossmann (2016b) take the perspective of a
manufacturing company. Conducting a more holistic survey in 2013,
Olsthoorn et al. (2015) identified and weighted obstacles for companies
in Southern Germany. The authors distinguish their identified obstacles
according to Cagno et al. (2013) into technological, information, regu
latory, economic, behavioral, organizational, and competence obstacles.
Their results indicate that disruption of operations, impact on product
quality, and uncertainty about cost savings are the most relevant bar
riers (Olsthoorn et al., 2015). Also Alcázar-Ortega et al. (2015) identify
obstacles of demand flexibility from an industrial consumer perspective
but focus mostly on market and regulatory issues. Even though the work
of Olsthoorn et al. (2015) and Alcázar-Ortega et al. (2015) provide a
profound basis for this research area by identifying potential obstacles,
both papers do not examine the obstacles in depth and answer the
question why, e.g., certain regulations are obstacles for companies in
establishing flexibility measures. In particular, it is necessary to under
stand why and how certain obstacles to demand flexibility affect the
decision-making of companies with regard to demand flexibility. Being
able to derive corresponding corrective policy measures, it is essential to
understand the causes and interrelations of the respective obstacles to
successfully remove obstacles in practice. Hence, in this paper, we
address the following research question:

how companies can realize demand flexibility, following Section 3,
where we present our research method. On this basis, in Section 4, we
derive our main findings, i.e., obstacles in an economic, regulatory,
technological, organizational, behavioral, informational, and compe
tences context resulting from both the literature review and the multiple
case study. Finally, in Section 5, we discuss our results while, in Section
6, we derive policy implications, conclude, and describe limitations of
our paper.
2. Theoretical background
Based on existing literature, this section aims to clarify the termi
nology of DSM and DR as well as to describe general possibilities for
companies to provide demand flexibility. Existing work often divides
DSM into different categories, dimensions, and elucidate characteristics
(Palensky and Dietrich, 2011; Feuerriegel and Neumann, 2014; Dudley
and Piette, 2008). Palensky and Dietrich (2011) categorize DSM into five
different types depending on their time interval and their impact on
business processes. Within this categorization, DR generally comprises
the short-term change of power consumption patterns (Palensky and
Dietrich, 2011; Feuerriegel and Neumann, 2014). Since we focus on
short-term flexibility in this paper, in the following, we refer to DR when
we consider flexibility on the demand side.
Companies can generally provide three different kinds of short-term
flexible loads when they implement DR measures: The first option is
temporal load shifting that encompasses the interruption or post
ponement of a power-consuming process in order to reduce peak loads
(Palensky and Dietrich, 2011; Fridgen et al., 2016; Feuerriegel and
Neumann, 2014). Second, companies have the possibility to adjust
power consumption by not undertaking previously planned activities.
This is referred to as load shedding (Fridgen et al., 2017; Feuerriegel and
Neumann, 2014). Third, a change between different energy carriers like
power and gas creates further flexible loads (Haupt et al., 2020; Palen
sky and Dietrich, 2011).
By exploiting these short-term flexible loads, industrial companies
have different possibilities to reduce power costs or generate profit.
Generally, short-term power markets (Biegel et al., 2014; Clò et al.,
2015) exhibit increased volatilities in power prices due to a growing
share of RES (Nicolosi and Fürsch, 2009; Rintamäki et al., 2017). In
addition to marketing flexibility on power markets, ancillary service
markets allow companies to receive payments for providing flexibility to
grid operators (Biegel et al., 2014). Companies can also use flexibility to
reduce their power peak, i.e., the maximum power consumption during
a specific time period, to lower grid-fee payments which primarily
depend on the peak load. Another way to use flexibility relates to own
power generation capacities that increase a company’s independence
from external (and uncertain) power prices.

How are economic, regulatory, technological, organizational, behavioral,
informational, and competence obstacles preventing companies in the
industrial sector from (fully) exploiting existing or investing in new
flexibility potential?
To answer this research question, in the first step, we accomplished a
structured literature analysis on potential obstacles to the use of existing
and investment in new industrial demand flexibility. In the second step,
we conducted an interview case study with energy experts from German
companies in the industrial sector. The result of this two-step approach
is a detailed overview – based on the categorization of Cagno et al.
(2013) – of obstacles and underlying causes in terms of demand flexi
bility from the viewpoint of companies in the industrial sector. This
allows us to investigate whether the developments in the power system
since the survey of Olsthoorn et al. (2015) in 2013 and Alcázar-Ortega
et al. (2015) in 2015 have led to a reduction in or elimination of the
obstacles for demand flexibility identified by the latter. Thereby, we can
close a research gap by providing detailed insights into how the obsta
cles affect companies in exploiting their flexibility potential. Based on
the identified obstacles and underlying factors, we finally derive policy
recommendations for enhancing the current legal framework with
respect to industrial demand flexibility. Therefore, the paper constitutes
a basis for public decision-makers to reduce obstacles to the exploitation
of and investment in industrial demand flexibility.
The paper is organized as follows. In Section 2, we describe the
relevant concepts of Demand-Side Management (DSM) and DR as well as

3. Research method
In the following two sections, we describe our qualitative-empirical
research approach in more detail. In order to provide a comprehensive
overview of the existing obstacles, we first collect and analyze obstacles
to the implementation of DR from literature. Here, we rely on the
classification of the obstacles of Cagno et al. (2013) and Olsthoorn et al.
(2015). Second, we describe the compilation of our multiple case study
using 16 interviews with experts from German companies (Yin, 2017).
This two-step approach allows us to identify (i) which obstacles appear
both in the literature and in the case study and which obstacles are yet
neglected (ii) by literature or (iii) by our interview partners. The mul
tiple case study further enhances our knowledge on how these obstacles
affect companies.
3.1. Literature review
Following the well-established approach for literature review by
2
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Table 3
Inclusion and exclusion criteria for the systematic literature search.

Table 1
Databases and journals for the systematic literature search.
Databases

Journals

IEEEXplore
Science Direct
EBSCO Academic Search

Energy Policy
Renewable & Sustainable
Energy Reviews

Table 2
Search strings for the systematic literature search.

Demand Response
Demand-Side Integration
Load Management

in all
combinations
with

Exclusion Criteria

- The paper focuses on identifying
obstacles or negative experiences with
DSM, DR or Demand-Side Integration
(DSI).
- The paper has energy sector and grid
balance related topics as its subject (e.
g., DSM, DR, DSI).

- The paper does not address the
research question of this paper in any
manner.

- The paper focuses on general DSM/
DSI measures or on specific DR
measures.
- The paper focuses on general measures
or on specific industrial measures.
- The paper focuses on the general grid
balance and encompasses several
sources of energy.
- The paper is recently published
(dating at most back to the year 2000).

Search Strings
Demand-Side Management

Inclusion Criteria

Obstacle
Barrier
Challenge
Review
Evaluation
Problem
Experience

- The paper does not have topics of the
energy sector (i.e., other fields of study
like medical science, biochemistry, or
tourism) as its subject.
- The paper only focuses on energy
efficiency as part of possible DSM
measures.
- The paper only focuses on residential
measures.
- The paper focuses only on measures in
reference to a single source of energy
(e.g., wind power).
- The paper is published before the year
2000.

Table 4
Overview of the multiple case study.

Webster and Watson (2002), we collected relevant literature by scan
ning the most common databases and specific journals – for which we
found most articles in the previous database search – in the field of
energy research. Table 1 lists the databases and journals we used.
To obtain a suitable selection of relevant literature, we combined
similar terms of “Demand Response” with those for “Obstacle” into
search strings (cf. Table 2).
After using the search strings (cf. Table 2) in the selected databases
(cf. Table 1), we narrow the resulting literature down by analyzing the
titles and, afterwards, the abstracts. Then, we thoroughly scan all vol
umes and issues (without applying search strings) of the two journals
Energy Policy and Renewable & Sustainable Energy Reviews for which
we have the most results in the search of the selected databases.
In each step, we apply specific exclusion and inclusion criteria (cf.
Table 3). The selection process results in a final list of 137 publications
that address obstacles to DR implementation.
We extend the selected literature by a backward (publications that
are cited by the final 137 publications) and forward (more recent pub
lications that cite the final 137 publications’ list) literature search
obtaining 15 further relevant publications. Fig. 1 illustrates the number
of results per database as well as the results after applying the inclusion
and exclusion criteria to title and abstract. In Fig. 1, the listed sources are
in line with the order of the applied search strings. We exclude publi
cations that we have already found in a previous database, i.e., dupli
cates, after scanning the resulting titles.
Out of the total 152 relevant papers, we find obstacles for industrial
DR implementation in 83 papers. We remove the remaining 69 papers as
they, e.g., examine pricing methods which did not follow directly from
the abstracts of the respective papers. In order to structure the individual
obstacles identified in the relevant publications, we follow the conceptcentric organization of results as proposed by Webster and Watson
(2002). Hence, for each article, we analyze which groups of obstacles
were identified in the respective article. When grouping the obstacles
into concepts, we use the seven categories of obstacles as presented by
Cagno et al. (2013) and Olsthoorn et al. (2015).

Case

Business Domain

Employees
worldwide

Interview partner(s)

1

Paper industry

>10,000

2
3
4
5
6
7
8

Processing industry
High-tech industry
Food industry
Automotive industry
High-tech industry
Automotive industry
Aluminum industry

>10,000
>10,000
>10,000
>10,000
>1000
>10,000
>1000

9

ca. 600

10
11

Software
engineering
Chemical industry
Energy Consulting

Manager energy procurement;
Manager core process
Manager process development
Energy manager
Project engineer
Energy commissioner
Technical energy manager
Energy commissioner
Head of energy management;
Energy product manager
Head of BU Energy

12

Food industry

>5000

13
14
15

Chemical industry
Energy Consulting
Energy Consulting

>10,000
ca. 200
ca. 200

16

Processing/
Automotive industry

>50,000

>50,000
ca. 200

Energy manager
Consultant BU Energy &
Mobility
Head of energy management;
Energy management expert
Energy strategy & policy
Head of BU Energy & Mobility
Consultant in electrical
planning
Energy manager; Manager for
“Industrie 4.0”

incorporate different information sources (e.g., interviews and field
observations, internal presentations and documents, publicly available
media information). The information sources stem mostly from the
publicly funded project “SynErgie”: The German publicly funded project
Synchronized and Energy-Adaptive Production Technology for the Flexible
Adjustment of Manufacturing Processes to a Volatile Energy Supply (Syn
Ergie) has been running since 2016 (Sauer et al., 2019). The project’s
goal is to improve the usage of companies’ flexibility potential in Ger
many. Following purposive sampling method (Bhattacherjee, 2012), we
define criteria for interview partner selection (e.g., actual involvement
in energy management) and conduct 16 interviews with experts in en
ergy management in person or via video calls. Note that the interviews
stem from 14 different companies, as the interview partners of the Cases
11, 14, and 15 represent the same company. Due to the different areas of
expertise, every interview represents one case. Table 4 gives an over
view of the companies and interview partners of our multiple case study.
The description of the interviewed partners (cf. Table 4) highlights that
our interview partners come from both different industries and areas of
competence. The order of interviewed partners in the table corresponds
to the sequence in which we conduct the interviews. Each interview lasts
from 45 to 90 min. We audio-recorded and transcribed each interview.

3.2. Multiple case study
In the following, we illustrate the methodology for conducting the
interviews and deriving the corresponding multiple case study accord
ing to Yin (2017). Our primary method for data collection are qualitative
interviews. Interviews are a well-established method for qualitative
research like case studies (Myers and Newman, 2007; Schultze and
Avital, 2011). As the integration of multiple data sources is recom
mended to triangulate the results (Creswell and Poth, 2016), we
3
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The transcripts serve as a basis for the corresponding multiple case
study.
We use a semi-structured protocol intended to elicit stories from the
various companies (Myers and Newman, 2007). First, the interviewer
and interview partner introduce themselves. Second, to minimize social
dissonance in the interview, the interviewer explains how each inter
view will be anonymized and secured. In line with Schramm (1971), we
ask the interview partners about factors like internal structures and
processes that influence the decision about the implementation of DR.
We also query how well the implementation of current flexibility-related
projects works and how information systems and the respective services
influence the success of DR. For the semi-structured interviews, we
prepare general questions in sub-categories. Depending on the interview
partner, we adapt those questions to the expertise of the interview
partner. During the interviews, we tailor the questions to shift the in
terviews’ focus depending on the interview partner’s knowledge and
actual expertise (Myers and Newman, 2007).
Finally, we follow the recommendations of Miles et al. (2014)
regarding the two-stage process of inductive and deductive coding of
gathered information: All authors analyze the data and document their
conclusions about relevant obstacles independently of each other. Sub
sequently, we discuss the individual interpretations. Afterwards, three
authors individually categorized all identified obstacles to one of the
seven obstacle categories according to the taxonomy of Cagno et al.
(2013). Then, we directly assigned all identified obstacles with identical
individual suggested categorization to the corresponding category.
However, in cases of differing suggested categorization, the authors
discussed these cases and came to an agreement on the most suitable
category. Finally, during the subsequent paper process, all authors
iteratively combined similar obstacles and we partly re-assigned the
categorization. Note that an obstacle may have relations to other cate
gories, although we assign each obstacle to one of the seven categories.

4. Findings
In the following, we combine obstacles to DR from our systematic
literature search with those obtained from our multiple case study
grouped by the seven categories proposed by Cagno et al. (2013) and
Olsthoorn et al. (2015). Although we assign each obstacle to one of the
seven categories, note that an obstacle may have relations to other
categories. There are also obstacles that would fit into more than one
category – however, we assign these obstacles to a corresponding cate
gory that fits best from our point of view. For each category, we describe
the identified obstacles and list them in a table. Each table includes the
corresponding obstacles together with the literature sources and/or
cases from which the obstacle originates. All obstacles have an ID, where
the first letter describes the obstacle’s category and a digit depicts the
obstacle’s number. This allows us to use cross-references between ob
stacles to reveal relations between the categories.
4.1. Economic obstacles
This section deals with the economic obstacles which include inter
nal factors such as costs for the provision of flexibility and external
factors like characteristics of power markets. Table 5 contains all iden
tified economic obstacles and summarizes the corresponding literature
and case(s).
E1 – Share of overall power cost too small within total production costs: If
the share of power costs is too small compared to the total production
costs, companies mostly do not even consider to realize flexibility in
production.
E2 – Greater economic appeal of alternative measures to optimize power
costs: The reduction of power costs through DR may be small compared
to alternative measures to optimize power demand and, therefore,
reduce power costs. Hence, in our case study, companies often prefer to
implement measures that directly lead to visible savings in power costs

Table 5
Economic obstacles.
ID

Obstacle

Literature

Case(s)

E1

Gitelman et al. (2013), Jang et al. (2015), Sharma et al. (2019), Vine et al. (2003), Wohlfarth et al.
(2020a), Wohlfarth et al. (2020b)
–

5, 9

E3

Share of overall power cost too small within
total production costs
Greater economic appeal of alternative
measures to optimize power costs
Lack of revenues through DR

E3.1

(Power) cost savings through DR are low

E3.2

Price-spreads on spot markets too small

E3.3
E4

(Potentially) decreasing profitability in
ancillary service markets
Costly flexibility investments necessary

E4.1

High IT investments necessary

E5
E6

Lack of access to external and internal capital
Additional operating costs due to DR measures

E7
E8

Cost savings too far in the future
Potential risk on production target values

E9

Necessary hedging against non-availability of
contractually reserved load for DR

E2

Albadi and El-Saadany (2008), Annala et al. (2018a), Borsche and Andersson (2014), Cruz et al.
(2018), Good et al. (2017), Feuerriegel and Neumann (2016), Honkapuro et al. (2015), Jang et al.
(2015), Katz (2014), Kreuder et al. (2013), Luthra et al. (2014), McKane et al. (2008), Mlecnik
et al. (2020), Nguyen (2010), Pinson et al. (2014), Rollert (2018), Shoreh et al. (2016), Torriti
et al. (2010), Verpoorten et al. (2016), Wohlfarth et al. (2020b)
Albadi and El-Saadany (2008), Alcázar-Ortega et al. (2015), Borsche and Andersson (2014), Katz
(2014), Kleingeld et al. (2012), Olsthoorn et al. (2015), Paterakis et al. (2017)
Alcázar-Ortega et al. (2015), Annala et al. (2018b), Koliou et al. (2013), Pinson et al. (2014),
Rautiainen et al. (2017), Verpoorten et al. (2016)
Goulden et al. (2018), Liu (2017), Nolan and O’Malley (2015), Paterakis et al. (2017), Rautiainen
et al. (2017), Rollert (2018)
Albadi and El-Saadany (2008), Alcázar-Ortega et al. (2015), Bradley et al. (2013), Cappers et al.
(2013), Cruz et al. (2018), Dong et al. (2016), Good et al. (2017), Kreuder et al. (2013), Macedo
et al. (2013), Nguyen (2010), Olsthoorn et al. (2015), Rollert (2018), Shafie-khah et al. (2019),
Shen et al. (2014), Vine et al. (2003)
Aghaei and Alizadeh (2013), Álvarez et al. (2017), Annala et al. (2018a), Bradley et al. (2013),
Cappers et al. (2013), Hansen et al. (2014), Katz (2014), Kreuder et al. (2013), MacDonald et al.
(2012), Nguyen (2010), Paterakis et al. (2017), Shen et al. (2014), Vallés et al. (2016), Vine et al.
(2003), Olsthoorn et al. (2015)
Good et al. (2017), Olsthoorn et al. (2015), Vine et al. (2003)
Aghaei and Alizadeh (2013), Alcázar-Ortega et al. (2012), Alcázar-Ortega et al. (2015), Bradley
et al. (2013), Cruz et al. (2018), Greening (2010), Jang et al. (2015), Kreuder et al. (2013),
MacDonald et al. (2012), Langbein (2009), Olsthoorn et al. (2015), Shafie-khah et al. (2019),
Shoreh et al. (2016), Vine et al. (2003), Wohlfarth et al. (2020b)
Katz (2014), Luthra et al. (2014), Olsthoorn et al. (2015), Vine et al. (2003)
Albadi and El-Saadany (2008), Bradley et al. (2013), Shoreh et al. (2016), Olsthoorn et al. (2015),
Paterakis et al. (2017)
Cappers et al. (2013), Katz (2014), Verpoorten et al. (2016)

4

2, 4, 5, 6, 7, 9, 10,
12
1, 3, 4, 5, 6, 7, 8,
10, 12, 13, 14

1, 2, 3, 4, 5, 6, 7, 8,
10, 12, 13, 14
2, 3, 9, 13
2, 6, 8, 9, 10
1, 8, 10, 11

1, 6, 7, 14

–
3, 10, 11

8, 16
3, 4, 5, 6, 7, 10, 12,
13, 14
8
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(cf. T4 – T4.1, T5, T6). Furthermore, DR measures may lead to higher
expenditures on personnel. Even if companies involve external service
providers to contribute expertise in providing flexibility (cf. O7), com
panies still need personnel to manage the service provider.
E7 – Cost savings too far in the future: A DR project is often only
profitable in the long term. Hence, the payback period is often relatively
long.
E8 – Potential risk on production target values: When providing flexi
bility, companies often fear the non-achievement of self-set production
targets agreed upon with partners, such as delivery obligations for
customers. DR measures include interrupting the currently operating
process which may result in potential supply shortages and lost business
opportunities. Companies usually have priorities regarding delivery and
supply commitments which DR measures must not affect. As conflicts
may arise between the provision of flexibility and process requirements,
companies often have to prioritize the pre-scheduled production plan
over altering the power demand to provide DR.
E9 – Necessary hedging against non-availability of contractually reserved
load for DR: When reserving loads for a potential flexibility supply, the
company as contractually committed DR provider has to deal with the
risk of being called to provide flexibility when the company may actu
ally not be able to provide this reserved flexibility. In this case, the
company must hedge itself against the risk of violating DR contracts
with some sort of (expensive) financial instrument.

in contrast to measures that need high upfront investments in the cor
responding infrastructure (cf. E4, E4.1). In particular, there exist many
options for companies to reduce power costs, e.g., by means of efficiency
measures (cf. R6, R6.1) or tax and charge savings (cf. R3 – R5). By
increasing energy efficiency and reducing grid fees, companies may
achieve higher savings than with time-variable power prices which
companies can only use to a very limited extent (cf. E3.2). The savings
from grid fee reduction and/or tax and charge optimization are visible in
the power bill and they are definite, i.e., a company knows its grid fee
cost structure. Hence, companies are able to calculate with these savings
as the price spreads on spot markets (cf. E3.2) or the renumeration by
ancillary services are uncertain (cf. E3.3).
E3 – Lack of revenues through DR: As the economic potential for DR
measures is too low, companies mostly do not want to invest/deal with
the issue of demand flexibility at all. Many interview partners describe
the current expected revenues from DR and the lack of profitable DR
business cases as the main reason for non-implementation.
E3.1 – (Power) cost savings through DR are low: With regard to prof
itability (cf. E3), in particular, the savings in power costs with DR
measures are relatively low in comparison with the effort for imple
menting them (cf. E4, E4.1, E6).
E3.2 – Price-spread on spot markets too small: One opportunity to
monetize flexibility (cf. E3) is via energy-only markets and the price
spreads between different periods. Currently, the price spread on spot
markets for power between different time periods are small. Therefore,
for companies which (indirectly) purchase power on such markets, this
results in low power cost savings through DR.
E3.3 – (Potentially) decreasing profitability in ancillary service markets:
The development on the balance power markets further hinders the
business case for DR (cf. E3). Companies, which already provide flexi
bility, notice that revenues for balancing power products, e.g., for
manual Frequency Restoration Reserve, are decreasing in recent years.
Hence, certain flexibility markets may be only profitable for a short time
until they reach a certain liquidity. Also, companies perceive further
revenue reductions in the ancillary service markets as a high risk, as they
may not achieve the required profitability in order to make up for the
investments to being able to participate in the market. Some of the
interviewed companies listed this economic risk as a critical factor for
deciding against the implementation of a DR project.
E4 – Costly flexibility investments necessary: To enable the provision of
flexibility, companies must make certain investments. Companies
invest, for example, in the modernization of production plants and
processes, in additional production capacities, and the underlying pro
duction infrastructure. Companies estimate these initial investments to
be in a double-digit million range which is relatively high in comparison
to other possible energy-related measures like increasing energy effi
ciency (cf. E2). Moreover, in advance of the implementation of the
actual DR project, companies already have to invest in a thorough
analysis of a potential DR project and its preparation (cf. I10).
E4.1 – High IT investments necessary: As a part of such investments (cf.
E4), companies often have to invest in an appropriate IT infrastructure
to enable both an automated use of flexibility and communication with
relevant stakeholders to market flexibility. Depending on the IT pre
requisites, the upfront costs for the IT infrastructure, e.g., the develop
ment of IT interfaces, often make up the largest part of the investment.
E5 – Lack of access to external and internal capital: Companies often
lack the necessary access to capital (depending on the degree of in
vestment) to realize the described investments (cf. E4, E4.1). In partic
ular, for small and medium-sized companies the necessary investments
may be too high compared to their available (financial) capital.
E6 – Additional operating costs due to DR measures: Providing flexi
bility and performing the needed activities for these measures may in
crease the operational costs for companies. Exemplary operational costs
are maintenance costs, information and transaction costs, costs
regarding the handling of additional complexity, and costs associated
with the integration of DR processes in existing systems of a company

4.2. Regulatory obstacles
Table 6 illustrates the regulatory obstacles we identified in literature
and the case study. As our case study focuses on German companies most
of the listed regulatory obstacles are based on German or respective
European legislation.
R1 – Complex regulatory framework: In our cases, companies struggle
to maintain an overview of numerous regulations in energy legislation
which leads to a high complexity as well as a lack of transparency.
Likewise, laws interrelate with each other which makes it difficult for
companies to grasp the whole area of energy legislation. In our cases,
several companies stated that the knowledge to conclude contracts and
legal frameworks is currently not available.
R2 – Restrictive regulatory framework: The legislative definition of, e.
g., ancillary services, is quite restrictive. Hence, the regulatory frame
work may limit the participation of certain flexibilities in ancillary
services and may, therefore, limit the existing technical potential for DR.
R2.1 – Lack of access to time-variable electricity prices: We observed
that it is difficult for companies to access time-variable electricity prices,
e.g., by directly participating at energy-only markets. For trading energy
products at energy-only markets like the EPEX Spot, companies usually
need a broker for market access. However, even if companies can access
time-variable electricity prices, the corresponding price spreads may be
too small (cf. E3.2).
R2.2 – High costs and effort for prequalification: Companies must
successfully perform a thorough prequalification for the participation in
ancillary services, i.e., they must prove that they meet the corresponding
requirements. This prequalification process is very costly and complex.
R2.3 – Flexibility product design: Product characteristics on the dayahead, intraday, or ancillary services markets such as high minimum
bid size, the notification time, or the required (fast) response time may
limit a potentially high technical potential for DR.
R3 – Contradictory legal incentive: Laws in the energy sector some
times contradict each other. Obstacles R4 – R9 illustrate such contra
dictory legal incentives in Germany. Consequently, the prioritization
between different legal incentives is not clear for companies.
R4 – Distortion of the market signal by levies: In recent years, the
number of hours with negative electricity prices on the day-ahead
market has increased considerably. Nevertheless, companies cannot
fully benefit from them, especially when companies have their own
electricity generation capacity such as gas-fired power plants. Due to
5
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Table 6
Regulatory obstacles.
ID

Obstacle

Literature

Case(s)

R1

Complex regulatory framework

5, 6, 7, 14

R2

Restrictive regulatory framework

R2.1

Lack of access to time-variable electricity
prices
High costs and effort for prequalification
Flexibility product design

R3
R4

Contradictory legal incentive
Distortion of the market signal by levies or
fixed prices

R5

Conflicts with grid fee regulations

Alcázar-Ortega et al. (2015), Annala et al. (2018a), Olsthoorn et al. (2015), Warren (2014), Wierman
et al. (2014)
Annala et al. (2018b), Cappers et al. (2012), Feuerriegel and Neumann (2016), Good et al. (2017),
Khripko et al. (2017), MacDonald et al. (2012), Olsthoorn et al. (2015), Paterakis et al. (2017),
Rollert (2018), Shen et al. (2014)
Alcázar-Ortega et al. (2015), Annala et al. (2018a), Lund et al. (2015), Paterakis et al. (2017), Rollert
(2018), Wierman et al. (2014), Wohlfarth et al. (2020b)
Kreuder et al. (2013), Paterakis et al. (2017), van Dievel et al. (2014), Wohlfarth et al. (2020a)
Alcázar-Ortega et al. (2015), Annala et al. (2018b), Bichler et al. (2022), Cappers et al. (2012),
Clausen et al. (2014),Cruz et al. (2018), Eid et al. (2016), Good et al. (2017), Greening (2010),
Grünewald and Torriti (2013), Hirst (2001), Katz (2014), Koliou et al. (2013), Liu (2017), Ma et al.
(2013), MacDonald et al. (2012), Nolan and O’Malley (2015), Paterakis et al. (2017), Rollert (2018),
Shoreh et al. (2016), Valdes et al. (2019), Verpoorten et al. (2016), Wohlfarth et al. (2020b)
–
Eid et al. (2016), Good et al. (2017), Katz (2014), Kim and Shcherbakova (2011), Koliou et al.
(2013), Paterakis et al. (2017), Richstein and Hosseinioun (2020), Shen et al. (2014), Valdes et al.
(2019), Vallés et al. (2016), van Dievel et al. (2014), Vine et al. (2003), Walawalkar et al. (2010)
Richstein and Hosseinioun (2020), Wohlfarth et al. (2020a)

R6

Prioritization of energy efficiency measures

Shen et al. (2014), Torriti et al. (2010)

R6.1

Conflicts with energy efficiency

Borsche and Andersson (2014), Wohlfarth et al. (2020b), Wohlfarth et al. (2020a)

R7

Cappers et al. (2012), Eid et al. (2016), Hirst (2001), Katz (2014), Li et al. (2012), Liu (2017),
Verpoorten et al. (2016)
Annala et al. (2018a), Paterakis et al. (2017), van Dievel et al. (2014)

R10

Penalties for not providing reserved
flexibility
DR not covered by legal framework for
privacy and data security issues
Lack of harmonization in the regulatory
framework
Globally heterogeneous legislation

R11

Lack of sufficient financial public funding

R2.2
R2.3

R8
R9

–

6, 7, 8
2, 4
2, 4, 7, 12, 14

8, 11, 13, 14
3, 4, 5, 12
1, 2, 4, 5, 6, 8, 12,
13, 14, 15, 16
3, 4, 5, 6, 7, 9, 15,
16
1, 2, 4, 7, 8, 9, 11,
12, 13, 14, 16
–
–

Annala et al. (2018a), Luthra et al. (2014), Ma et al. (2013), Verpoorten et al. (2016)

–

Paterakis et al. (2017), Shafie-khah et al. (2019), Shoreh et al. (2016), van Dievel et al. (2014),
Verpoorten et al. (2016)
Hu et al. (2015), Kim and Shcherbakova (2011), Liu (2017), van Dievel et al. (2014)

2, 6, 16

levies and other charges, companies do often not receive a clear, but
rather a “distorted” signal from the energy market. These charges are
static and therefore do not correctly reflect the situation in the grid, i.e.,
the current share of intermittent RES. This obstacle is particularly
evident in the case of negative prices considering the possibility of selfgeneration.
R5 – Conflicts with grid fee regulations: As already mentioned, a
reduction of the grid fees is very attractive to companies. In particular,
the German legislation for the calculation of grid fees contains an
exemption for energy-intensive companies. In this regard, the so-called
full load hours are relevant, which are equal to the purchased power
divided by the peak load. If the full load hours exceed 7000 h and the
purchased power 10 GWh, the company is entitled to receive individual
and lower grid fees that lead to relevant savings for energy-intensive
companies. Therefore, many companies of our interview partners use
peak load management to reach this threshold level. Notwithstanding
the fact that peak load management is one kind of demand flexibility,
participating in any (other) DR program could increase the peak load
and, therefore, endanger reaching the legal threshold for individual grid
fees. Against this background, the remaining degrees of freedom for DR
decrease considerably.
R6 – Prioritization of energy efficiency measures: Companies often focus
on increasing energy efficiency motivated by both economic and
ecological reasons (cf. E2). Most of the interviewed partners stated that
their company is certified according to the ISO 50001 for systematic
energy management which entails a certain reduction of levies (i.e., the
EEG levy).
R6.1 – Conflicts with energy efficiency: Even if companies want to
implement DR measures in addition to energy efficiency measures, there
is often a conflict between DR and energy efficiency. This conflict
typically results from the fact that the implementation of a DR measure
may result in a deviation from the optimal operating point – with respect
to energy efficiency. Hence, a DR measure could also have a negative

4, 5, 8, 13, 14

impact on efficiency objectives. As the ISO 50001 requires a continuous
reduction of power consumption, some companies fear the loss of cer
tification if they participate in DR programs.
R7 – Penalties for not providing reserved flexibility: When reserving
loads at balancing markets, these flexible loads need to be available to
the corresponding extent if they are called upon. If a company is not able
to provide the reserved flexibility problems, it has to pay financial
penalties which represent an economic risk (cf. E9).
R8 – DR not covered by legal framework for privacy and data security
issues: Within the DR legislation, there is often a lack of specific rules in
the context of privacy and data security of DR. In particular, this con
cerns data from metering infrastructure and data management re
sponsibilities with regard to new intermediaries like aggregators.
R9 – Lack of harmonization in the regulatory framework: DR programs
and products represent fairly new elements of the energy market. Reg
ulators might not consider all interactions with other energy laws when
adopting new energy laws. Therefore, the legislator has not yet
completely harmonized new areas of legislation, e.g., for balancing
markets, with the existing legislation of the energy sector.
R10 – Globally heterogeneous legislation: The legislation on DR differs
between countries, which especially poses an obstacle for globally
operating companies. Even though there exists an EU Directive
addressing DR, countries can adjust the implementation of this directive
on the national level. As a result, European markets lack homogeneous
DR products leading to a different treatment of flexible loads in Euro
pean countries which requires additional knowledge and resources in
companies.
R11 – Lack of sufficient financial public funding: Companies in our
cases also depict insufficient public funding to promote the imple
mentation of DR. Public funding may foster the profitability and cer
tainty of long-term DR projects.

6
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flexible loads. The corresponding IT system further needs to comprise a
concept for possible errors in the production which typically entails
great effort for the company.
T4.1 – High effort and complexity within IT system: The development
and installation of the IT system to control DR measures is typically
associated with high costs for companies (cf. E4.1). First, companies
need to initially adjust the production processes considerably, e.g.,
automate and interconnect. Next, companies have to set up software and
communication protocols for the external interfaces with flexibility
markets or respective aggregators. Moreover, the IT system has to pro
cess large, heterogeneous, and near-real-time data which is especially
difficult when decisions are critically time-constrained.
T4.2 – Lack of computational capacity: During the execution of DR
measures, companies have to process a large volume of data. Companies
may lack the computational capacity for the optimization of DR mea
sures and it can be a challenge to have the required computational ca
pacity at an acceptable cost (cf. T4.1).
T4.3 – IT and data security: The appropriate handling of sensitive data
is a critical factor in a DR information system. Many DR programs
require interfaces to external partners (cf. T4 –T4.1). Therefore, these
external interfaces and the IT system itself could be vulnerable to
external manipulation or attacks. Depending on the company, data
describing flexible loads is highly sensitive, as it may contain informa
tion on the amount of product orders of the company.
T5 – Lack of IT prerequisites in the company: Already existing IT sys
tems and meters in the company rarely support the requirements for DR
measures. For instance, machines at the company site hardly have any
fully automated interfaces or interconnections to other systems. Also,
existing monitoring and analysis systems do not collect the required data
for DR measures.
T5.1 – Non-availability of appropriate technology to control the DR
measures: The appropriate technology for a control and communication
infrastructure for DR measures is partly not yet available. Current
metering infrastructure may lack the signaling infrastructure and
bandwidth capability needed to meet advanced DR requirements.
Readily available equipment and communication packages are rarely

4.3. Technological obstacles
Table 7 summarizes all identified technological obstacles.
T1 – Technical risk of disruption of production process: Providing flex
ibility often goes along with interrupting the production process or with
not continuing it as originally planned to adapt the power consumption.
Process operators expect malfunctions (e.g., due to newly developed
technologies), which may lead to a violation of the daily operational
production constraints and a loss of troubleshooting ability. Some
interview partners referred to the production as something like “crown
jewel(s)” which a company does typically not want to touch and affect
by flexibilization at all. Hence, the interview partners consider an
intervention in the main production process to be too risky.
T2 – Technically infeasible to reduce peak load: We observed in our
cases that, to some extent, companies’ processes are technically infea
sible to flexibly adjust their electricity demand. First, many of the
companies in our case study lack over-capacities to shift their produc
tion to other periods. When a production process runs 24/7 at full ca
pacity, companies struggle to find an alternative time slot to shift loads
to. Second, when adapting a production process (cf. T1), it is often
(technically) not possible to flexibly operate production processes since
the companies objectives include, among others, to optimize the pro
duction processes towards an efficient and constant operation point (cf.
R6, R6.1). Additionally, production processes can be too “sluggish” to
respond within the required reaction times for ancillary services.
Moreover, some processes exhibit interdependencies with other (sub
sequent) processes or dependencies on external factors that make it
difficult to isolate or shift/shed such processes separately.
T3 – Risk of lower product quality: When companies provide flexibility
by, for instance, varying the power consumption and duration of a
production process, there is a risk of lower product quality, e.g., in the
process for the liquefaction of gases like for air separation.
T4 – High requirements of IT: Providing flexibility usually goes along
with high IT requirements (e.g., speed, accuracy, and automation), both
externally and internally. In particular, DR for ancillary services has
high external requirements, e.g., the corresponding control units for the
Table 7
Technological obstacles.
ID

Obstacle

Literature

Case(s)

T1

Technical risk of disruption of production
process

3, 4, 5, 6, 7, 9,
11, 14, 16

T2

Technically infeasible to reduce peak load

T3

Risk of lower product quality

T4

High requirements of IT

T4.1

High effort and complexity within IT system

T4.2
T4.3

Lack of computational capacity
IT security and data security

T5

Lack of IT prerequisites in the company

T5.1
T6

Non-availability of appropriate technology to
control the DR measures
Lack of standardization of IT systems

T6.1

Lack of interoperability of IT systems

Alcázar-Ortega et al. (2015), Annala et al. (2018b), Clausen et al. (2014), Grein and Pehnt (2011),
Kreuder et al. (2013), Li et al. (2012), Lindberg et al. (2014), Lund (2007), McKane et al. (2008),
Olsthoorn et al. (2015), Rautiainen et al. (2017), Rollert (2018), Shafie-khah et al. (2019), Shen et al.
(2014), Shoreh et al. (2016), Vine et al. (2003), Wohlfarth et al. (2020b), Zhang and Grossmann (2016a)
Hu et al. (2015), Li et al. (2012), Lund et al. (2015), Olsthoorn et al. (2015), Richstein and Hosseinioun
(2020), Shoreh et al. (2016), Valdes et al. (2019), Zhang and Grossmann (2016a)
Alcázar-Ortega et al. (2012), Grein and Pehnt (2011), Heffron et al. (2020), Li et al. (2012), Olsthoorn
et al. (2015), Shoreh et al. (2016), Zhang and Grossmann (2016a)
Cappers et al. (2012), Gelazanskas and Gamage (2014), Li et al. (2012), Ma et al. (2013), Shoreh et al.
(2016)
Borsche and Andersson (2014), Good et al. (2017), Langbein (2009), Li et al. (2012), Lindberg et al.
(2014), Pelzer and Kleingeld (2011), Samad et al. (2016), Shen et al. (2014), Uddin et al. (2018)
Good et al. (2017), Macedo et al. (2013), Shafie-khah et al. (2019)
Annala et al. (2018a), Cruz et al. (2018), Good et al. (2017), Hansen et al. (2014), Luthra et al. (2014),
Macedo et al. (2013), Mlecnik et al. (2020), Olsthoorn et al. (2015), Olorunfemi and Nwulu (2018),
Paterakis et al. (2017), Shafie-khah et al. (2019), Zhang and Grossmann (2016a)
Alcázar-Ortega et al. (2015), Baboli et al. (2011), Cappers et al. (2013), Cruz et al. (2018), Dong et al.
(2016), Good et al. (2017), Katz (2014), Kleingeld et al. (2012), Fridgen et al. (2022), Kreuder et al.
(2013), Macedo et al. (2013), Mlecnik et al. (2020), Sharma et al. (2019), Strbac (2008), Torriti et al.
(2010), Uddin et al. (2018), Verpoorten et al. (2016)
Álvarez et al. (2017), Borsche and Andersson (2014), Greening (2010), Hirst (2001), Honkapuro et al.
(2015), Luthra et al. (2014), Shen et al. (2014), Vine et al. (2003), Wohlfarth et al. (2020b)
Annala et al. (2018a), Dong et al. (2016), Good et al. (2017), Honkapuro et al. (2015), Hu et al. (2015),
Luthra et al. (2014), Macedo et al. (2013), McKane et al. (2008), Pinson et al. (2014), Samad et al.
(2016), Shen et al. (2014), Siano (2014), Vallés et al. (2016)
Good et al. (2017), Hirst (2001), Pelzer and Kleingeld (2011), Pinson et al. (2014), Shafie-khah et al.
(2019), Shoreh et al. (2016), Siano (2014), Strbac (2008), van Dievel et al. (2014), Zhang and
Grossmann (2016b)
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1, 2, 3, 6, 7, 8,
9, 10, 13
3, 6, 10, 16
1, 5, 7, 8, 9, 12,
13
4, 6, 7, 8, 10,
11, 14
–
4, 7, 8, 9, 16
4, 5

–
12, 16

–

Energy Policy 165 (2022) 112876

C. Leinauer et al.

a priority for the top management which in turn is the reason why
companies do not carry out DR projects at all or with a low budget/effort
(cf. O2, O3).
O5 – Power procurement policy of company: Large companies often
have a central energy management system, while individual company
sites or subsidiaries do not have their own energy management or even
their own energy budget. On the one hand, this can restrict the possi
bility of using flexibility, since communication must involve the central
energy management system. On the other hand, it can lead to company
sites obtaining a fixed electricity price, i.e., the electricity price is not
variable over time, which implies that there is no incentive for flexibility
in this respect (cf. R2.1). Furthermore, centralized power procurement
could hamper possible initiatives by individual plants in monetization
from DR projects.
O6 – Relevant decision makers do not have enough power within the
organization: The relevant person for decisions regarding DR often does
not have enough power within the company to successfully promote a
DR project. This insufficient power of decision makers often stems from
the prevailing structure of the company. This is, in particular, the case if
the company does not regard energy concerns as part of its core business.
O7 – Multiple decision makers involved in decision process of projects: A
DR project usually involves multiple decision makers, i.e., employees
and decision makers from several departments like energy, production,
and legal department. Accordingly, the decision making process is often
long, complex, cost-intensive, and can prevent timely DR
implementation.
O8 – Necessity/dependence on external service providers: Once the
personnel resources or knowledge of a company are not sufficient to
implement flexibility, external service providers become necessary (cf.
T4 – T4.1). Complexity, in particular, legal as well as economic aspects,
can further lead to the necessity of (additional) service providers (cf. E2,
E3, R1). The lack of standardization, in particular, of IT measures (cf.
T6), leads to the necessary development of individual (IT) solutions,
which in turn can highly depend on the corresponding external service
providers. Hence, cooperation with external partners can lead to lock-in
effects.

available to companies.
T6 – Lack of standardization of IT systems: Currently, there is a lack of
technical standardization. The latter applies to IT infrastructure in
general, hardware and devices, software as well as data formatting,
transfer, transformation, semantics (communication standards), and the
communication with service providers. Without corresponding stan
dards, the companies in our case study often have to develop their in
dividual cost-intensive IT system and communication protocols with
their partners, e.g., their aggregators. This not only increases the
expense for implementation, but also leads to lock-in effects with respect
to the individually implemented IT system.
T6.1 – Lack of interoperability of IT systems: The lack of standardiza
tion directly leads to a difficult interoperability of IT systems. The
interoperability between the existing machinery, devices, and systems
with various new types of technology and stakeholders is difficult to
handle. This, for instance, hinders the communication with service
providers and poses a challenge in the case a company wants to change
its service partner, e.g., its aggregator.
4.4. Organizational obstacles
Table 8 collects all identified organizational obstacles.
O1 – Additional workload/General restrictions with respect to employees:
The implementation of flexibility implies new workflows and potentially
additional workload for employees in production and the energy
department (cf. T1). The additional and altered workload must not
exceed a certain level of complexity depending on the employees qual
ifications and fit with appropriate working models.
O2 – Internal guidelines regarding the duration of projects: For the
implementation of DR projects, the companies in our case study often
have ambitious targets with respect to profitability. Our interview
partners emphasize their company’s focus on short-to medium-term
projects (approx. 3–5 years) that exhibit a certain Return on Investment
(RoI). However, projects to optimize energy procurement, including the
ones that make power demand more flexible, usually have a long-term
horizon (approx. 10–12 years). Moreover, due to the uncertainty
regarding future power price developments, it is difficult to reliably
determine the RoI (cf. I2.1).
O3 – Lack of importance of sustainability: Some companies in our case
study argue that even if profitability is small, they invest in DR due to its
contribution to a sustainable energy system and to improve their image
with regard to sustainability. However, the lack of profitability and
direct economic benefits for companies often outweigh sustainability
considerations.
O4 – Low priority of energy management and corresponding investments
at top management: In some cases, the top management must decide on
flexibility projects, as such projects involve risks in terms of technical
feasibility and/or economic losses. However, the issue of DR is often not

4.5. Behavioral obstacles
Table 9 depicts all identified behavioral obstacles.
B1 – Lack of acceptance/skepticism among employees: There is often a
lack of understanding why DR-related changes in the production occur.
Therefore, employees may sometimes refuse to adapt new work pro
cesses if a company wants to establish these DR measures without
motivating and informing employees about the reasons and motivations
for these measures. If external experts implement the DR measures, the
employees’ reluctance towards new flexible processes may even in
crease due to a possibly skeptical view on external experts. Furthermore,

Table 8
Organizational obstacles.
ID

Obstacle

Literature

Case(s)

O1

Additional workload/general restrictions with
respect to employees
Internal guidelines regarding the duration of projects
Lack of importance of sustainability
Low priority of energy management and
corresponding investments at top management
Power procurement policy of company
Relevant decision maker does not have enough power
within the organization
Multiple decision makers involved in decision process
of projects
Necessity/dependence on external service providers

Alcázar-Ortega et al. (2015), Jang et al. (2015), Kleingeld et al. (2012), Olsthoorn et al. (2015),
Wohlfarth et al. (2020b)
–
Li et al. (2012), Nolan and O’Malley (2015)
Alcázar-Ortega et al. (2015), Annala et al. (2018b), Gitelman et al. (2013), Good et al. (2017) Greening
(2010), Olsthoorn et al. (2015), Pelzer and Kleingeld (2011), Vine et al. (2003)
Lund et al. (2015)
Good et al. (2017), Grein and Pehnt (2011)

7, 15

Vine et al. (2003), Wohlfarth et al. (2020b)

–

–

7, 8, 9,
10, 12

O2
O3
O4
O5
O6
O7
O8

8

5, 7, 16
1, 2, 3
2, 4, 5, 9
4, 5, 7
–
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Table 9
Behavioral obstacles.
ID

Obstacle

Literature

Case(s)

B1

Lack of acceptance among
employees
Skepticism towards fully
automated interfaces
Perceived inconvenience of DR
provision

Bradley et al. (2013), Greening (2010), Verpoorten et al. (2016), Vine et al. (2003)

10, 11, 14,
15
2, 4, 5, 6

B2
B3

Annala et al. (2018a), Bradley et al. (2013), Cappers et al. (2012), Dyer et al. (2008), Good et al. (2017), Kleingeld et al.
(2012), Luthra et al. (2014), Olorunfemi and Nwulu (2018), Vine et al. (2003), Wierman et al. (2014)
Albadi and El-Saadany (2008), Alcázar-Ortega et al. (2015), Baboli et al. (2011), Bradley et al. (2013), Dyer et al. (2008),
Good et al. (2017), Honkapuro et al. (2015), Kreuder et al. (2013), Nguyen (2010), Nolan and O’Malley (2015), Paterakis
et al. (2017), Sharma et al. (2019), Uddin et al. (2018), Vine et al. (2003), Walawalkar et al. (2010)

flexibility measures pose new risks for employees as a malfunctioning
implementation can cause damage to the machines and, thus, impair a
trouble-free workflow.
B2 – Skepticism towards fully automated interfaces: Since the imple
mentation of flexibility mostly implies an intervention in production (cf.
T1, T3), most companies in our case study aim only for a semi-automatic
operation and, hence, deem human control within the processes as
necessary because they perceive the risk of a fully automatic control as
too high. Moreover, negative experiences with some large IT projects
possibly increases the risk aversion towards IT-related projects such as
DR.
B3 – Perceived inconvenience of DR provision: Due to bounded ratio
nality and habits, employees and management generally perceive the
participation at DR programs as an inconvenience since it differs from
the accustomed workflow (cf. O1). As DR programs require changes in
operating procedures or may negatively interfere with primary objec
tives, e.g., faultless production, of the company and the employees,
employees as well as management often relate DR measures to a loss of
comfort.

–

I3 – Uncertainty about future regulations and legislative developments:
Generally, frequent changes in regulations lead to increased complexity
and uncertainty with regard to the regulatory framework (cf. R1). This,
in turn, leads to low transparency regarding how long a currently
existing regulation will be in place. Consequently, next to just main
taining legal conformity, companies in our case study have difficulties
anticipating changes from upcoming regulations. This results in a lack of
planning security. However, as DR mostly bases on long-term projects
(cf. O2), it requires a rather stable regulatory framework for certain
amortization. Some companies in our case study have already made
negative experiences during the implementation of energy projects
where a change in regulation has led to a negative impact on the project
results.
I3.1 – Unclear interpretation of legislation: The regulatory framework is
to some extent unclear for the responsible company department and the
associated employees, which can lead to different interpretations even
by legal experts. Therefore, these companies, then, either do not deal
with DR projects further or need external support.
I3.2 – Uncertainty regarding allocation, roles, and responsibilities: For
certain roles and responsibilities, the companies of our interview part
ners lack a clear understanding who of the market participants should
fulfill different roles, e.g., for the development of decentralized flexi
bility resources. This leads to an uncertain allocation of the roles and
responsibilities between flexibility providers, utilities, and aggregators.
I4 – Lack of standardized baseline calculation for DR market: The
company’s baseline of power consumption is a calculated reference to
determine the difference in load which results from a DR measure. This
difference, then, serves as a basis to calculate the remuneration for the
provided flexibility and to verify that a company has deviated in a
certain amount from its baseline, i.e., the company executed the con
tracted DR measure. However, it is difficult to determine this baseline
which often leads to imperfect, unreliable, and inaccurate results when
calculating the remunerations based on the baseline reference.
I5 – Technological measures for implementing DR unknown: The tech
nological tools for implementing DR measures are mostly unknown to
the company (beforehand). Accordingly, the companies in our case
study often do not know their (potential) technical tools and which of
those would fit best for implementing DR measures within their pro
duction processes (cf. T5.1, T6). Hence, a company has either to rely on
external knowledge to identify the appropriate technological tools (cf.
O8) or extensively staff employees with DR and IT knowledge on a DR
project.
I6 – Costly and uncertain DR project analysis: Referring to Obstacles
I1 – I5, many elements, e.g., financial calculations, for a precise analysis
of a DR project are very uncertain. Further planning uncertainty stems
from the lack of instruments for project analysis and forecasting the
amount of DR measures that the company will activate and monetize in
a certain time period, among other things. Due to this uncertainty,
companies typically struggle to set up concrete projects, although they
have already first concepts for DR projects.

4.6. Informational obstacles
Table 10 comprises all identified informational obstacles.
I1 – Lack of transparency and asymmetry of information: Due to the
variety of possibilities to market demand flexibility for companies, there
is a lack of overview regarding certain flexibility markets and products
as well as how they can be contractually structured. For instance, some
interviewed companies do not have sufficient information about the
market and clearing mechanisms to design contracts for flexibility pro
vision. Companies in our study stated that from a company’s point of
view asymmetric information, e.g., the bidding strategy of other market
players in flexibility markets, represent a challenge. Overall, there is
often a lack of transparency of the price formation in the context of the
bidding competition with other market players, e.g., in ancillary ser
vices. However, information transparency is necessary to, on the one
hand, send appropriate price signals with respect to the timely demand
for DR. On the other hand, market and other related information are the
basis for optimal bidding decisions and production planning. Informa
tion asymmetry at the expense of companies may also affect aggregators,
e.g., in the case an aggregator does not have complete information on
companies’ preferences for load management and consumption.
I2 – Uncertainty regarding financial implications: Due to the uncer
tainty of electricity prices (cf. I2.1), the amount of network fees (cf. R5),
electricity cost savings etc. through DR and the uncertain economic
value of ancillary services in the future (cf. E3.3), companies have dif
ficulties in long-term planning of a DR project (cf. I6). For instance, for
ancillary services, companies do not know ex ante how often they need
to activate their flexibility for which they receive remunerations.
I2.1 – Risks and uncertainties regarding price forecast: The price fore
cast for flexibility markets or rather the value of flexibility on different
markets is difficult and very uncertain (cf. E3.3). Furthermore, it is
unclear what potential impact the entry of new DR providers would have
on the market price.
9
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Table 10
Informational obstacles.
ID

Obstacle

Literature

Case(s)

I1

Lack of transparency and asymmetry of
information
Uncertainty regarding financial
implications

Cruz et al. (2018), Good et al. (2017), Katz (2014), Langbein (2009), Nolan and O’Malley (2015), Paterakis
et al. (2017), Torriti et al. (2010), Vine et al. (2003), Wohlfarth et al. (2020b)
Annala et al. (2018b), Borsche and Andersson (2014), Cappers et al. (2013), Eissa (2011), Good et al. (2017),
Grein and Pehnt (2011), Kim and Shcherbakova (2011), Liu (2017) Pinson et al. (2014), Olsthoorn et al.
(2015), Vine et al. (2003), Wohlfarth et al. (2020b)
Borsche and Andersson (2014), Cappers et al. (2013), Goulden et al. (2018), Grein and Pehnt (2011), Hu
et al. (2015), Katz (2014), MacDonald et al. (2012), Shafie-khah et al. (2019), Zhang and Grossmann (2016a)
Alcázar-Ortega et al. (2015), Good et al. (2017), Goulden et al. (2018), Greening (2010), Hirst (2001),
Olsthoorn et al. (2015), Rautiainen et al. (2017), Vallés et al. (2016), Warren (2014), Wohlfarth et al.
(2020b)
–
Annala et al. (2018a), Honkapuro et al. (2015), Katz (2014), Rollert (2018), Siano (2014), Valdes et al.
(2019), Vallés et al. (2016)
Alcázar-Ortega et al. (2015), Good et al. (2017), Grünewald and Torriti (2013), Hirst (2001), Liu (2017),
Nolan and O’Malley (2015), Samad et al. (2016), Shoreh et al. (2016), Warren (2014)
Li et al. (2012), Olsthoorn et al. (2015), Rautiainen et al. (2017)

10, 16

Alcázar-Ortega et al. (2015), Eissa (2011), Grein and Pehnt (2011), Hu et al. (2015), Katz (2014), Li et al.
(2012), Nolan and O’Malley (2015), Paterakis et al. (2017), Shafie-khah et al. (2019), Shoreh et al. (2016),
Strbac (2008), Vine et al. (2003), Wierman et al. (2014), Zhang and Grossmann (2016b)

1, 3, 10

I2
I2.1
I3
I3.1
I3.2
I4
I5
I6

Risks and uncertainties regarding price
forecast
Uncertainty about future regulations and
legislative developments
Unclear interpretation of legislation
Uncertainty regarding allocation, roles, and
responsibilities
Lack of standardized baseline calculation
for DR market
Technological measures for implementing
DR unknown
Costly and uncertain DR project analysis

2, 4, 11, 16

–
4, 5, 6, 7, 11,
12, 16
6
–
–
–

4.7. Competence obstacles

5. Discussion

Table 11 summarizes all identified competence obstacles.
C1 – Lack of (internal) resources: The companies in our case study
often have no or too few internal resources to deal intensively with DR
projects. Due to regular outsourcing of energy management projects as a
result of internal capacity problems, these companies also lack experi
ence of implementing projects independently from external resources
and partners.
C2 – Employees lack needed skills: The employees often lack the
appropriate knowledge to implement and operate DR measures.
C3 – Lack of knowledge about the production process and existing flex
ibility potential: In order to be able to implement flexibility measures, the
company needs precise knowledge of the own production processes to
actually use the corresponding flexibility potential. However, in some of
our cases, there is a lack of knowledge about the own production pro
cesses, which prevents a company from determining its flexibility po
tential. Also, companies in our case study do not always collect energy
data at all. Even in the case where they collect it, the companies often do
not process or analyze them due to the lower priority compared to
production data.
C4 – Lack of knowledge about energy markets and the potentials of DR:
The flexibility domain is often perceived as being very specific and
complex. Often, the necessary knowledge, especially about regulation, is
missing in the companies of our interview partners (cf. I2 – I3.1).

The interviews we conducted provide us with insights into obstacles
that prevent companies from marketing their demand flexibility. In
total, combining the results of the literature analysis and the case study,
we identify 63 obstacles. Out of these 63 obstacles, we identified 16
obstacles exclusively from literature, 5 obstacles in the interviews con
ducted, and 42 obstacles stem from both existing literature and our in
terviews. With all 63 obstacles, we are able to address our research
question by identifying how economic, regulatory, technological,
organizational, behavioral, informational, and competence obstacles
prevent companies in our cases in the industrial sector from (fully)
exploiting existing or investing in new flexibility potential.
Even though, we conducted a relatively small number of interviews,
i.e., we have 16 interview partners, we are positive to have identified the
major part of obstacles for companies. Fig. 2 illustrates the number of
new obstacles identified after each case. Note that the interview ID
corresponds to the order in which we conducted them. Generally, the
figure reveals that with each case we identified less new obstacles.
Within the last five interviews, we could not identify a new obstacle,
even though our case study represents companies from various business
domains with different company sizes. However, the interview partners
still gave new insights from their perspectives to already existing ob
stacles. Overall, this observation might be an indicator for a saturation of
new findings with regard to new obstacles. In parallel, we confirm these
obstacles with a comprehensive literature review. Hence, we consider
the collected obstacles of the previous section as generalizable.
In fact, our results confirm and extend the findings of literature on

Table 11
Competence obstacles.
ID

Obstacle

Literature

Case(s)

C1
C2

Lack of (internal) resources
Employees lack needed skills

5, 7, 13
–

C3

Lack of knowledge about the production process
and existing flexibility potential
Lack of knowledge about energy markets and the
potentials of DR

Good et al. (2017), Grein and Pehnt (2011), Wohlfarth et al. (2020b)
Dyer et al. (2008), Greening (2010), Good et al. (2017) Grein and Pehnt (2011), Kleingeld et al. (2012),
Luthra et al. (2014), Mlecnik et al. (2020), Olsthoorn et al. (2015), Shafie-khah et al. (2019), Shoreh et al.
(2016), Vine et al. (2003), Wohlfarth et al. (2020b)
Alcázar-Ortega et al. (2015), Grein and Pehnt (2011), Kleingeld et al. (2012), Nolan and O’Malley (2015),
Shoreh et al. (2016)
Alcázar-Ortega et al. (2015), Baboli et al. (2011), Dyer et al. (2008), Gitelman et al. (2013), Good et al.
(2017), Hirst (2001), Kim and Shcherbakova (2011), Luthra et al. (2014), Nolan and O’Malley (2015),
Pinson et al. (2014), Paterakis et al. (2017), Verpoorten et al. (2016), Vine et al. (2003), Warren (2014),
McKane et al. (2008)

C4

10

5, 9, 15,
16
1, 4, 9,
12, 14
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Fig. 1. Visualization of the literature search.

financial incentives for DR.
As Obstacle R4 illustrates, fixed taxes and levies on power prices
distort the market signal and, thereby, reduce revenues from DR mea
sures that base on the utilization of market price spreads. One way to
increase the financial incentives via taxes and levies is to make these
levies more “flexible”, e.g., by coupling them to the respective market
price.
Coming back to our case of Germany, for instance, the current design
of grid fee regulation mostly hinders the provision of system-friendly DR
measures. A company which needs to activate a contracted DR measure
may reach a new individual peak load and, consequently, needs to pay
higher grid fees (cf. R5). In order to create incentives for companies to
become more flexible, new methods for calculating grid fees could
eliminate such obstacles. Another current legislation that is in conflict
with DR measures is the EEG levy, i.e., a levy for RES representing a
conflict with energy efficiency (cf. R6,R6.1). Companies can reduce their
EEG levy costs by proving increasing energy efficiency. However, if
companies deliberately flexibilize their power demand, their efficiency
may decrease. The legislator could resolve the trade-off between effi
cient and flexible power consumption by, for example, linking EEG levy
reductions to the cumulative fulfillment of both requirements. Besides
resolving the existing conflicts for DR in legislation, it is necessary to
provide companies with a more long-term perspective (cf. I3 – I3.1).
Ensuring that corresponding regulations are in place, at least as long as
the implementation of DR projects takes (i.e., approx. 10–12 years),
could give companies increased investment and planning security (cf. I2,
I3,I6). Additionally, there is the need to better harmonize laws in the
energy sector with laws from other sectors (cf. R9 – R10) on the one
hand, and to align them with long-term policy goals on the other hand.
When it comes to the planning as well as the subsequent imple
mentation of DR measures, companies often reach different technical
limits (cf. T1,T2,T5,I5,C3). Missing standardized communication chan
nels and programs as well as hardware, e.g., corresponding sensors,
result in the difficulty of defining compatible interfaces between mar
kets and the company system (cf. T6 – T6.1). To prevent companies from
having to involve external providers and experiencing lock-in effects (cf.
T6,T6.1,O7), appropriate market standards could be developed for this

DR, in particular, the analysis of Olsthoorn et al. (2015). In terms of
references per obstacle, i.e., how many interview partners addressed an
obstacle, we find that some obstacles seem to be more crucial for the
implementation of DR measures in companies than others. Table 12
summarizes the twelve obstacles with the highest number of references
in our case study in decreasing order. Table 12 reveals that, in particular,
specific economic, regulatory, and technological obstacles seem to
prevent companies from exploiting DR. Obstacles of the categories
organizational, behavioral, and competences are not part of the twelve
obstacles with the highest number of references in our case study. From
this observation, we deduce that these obstacles pose a subordinate role
from the companies’ point of view.
We also extend the existing body of knowledge by both describing
how the obstacles prevent companies from realizing DR and by illus
trating the interrelations between various obstacles. In particular, reg
ulatory and economic obstacles as well as regulatory and technical
obstacles exhibit interrelations that are still existent also eight years
after the survey of Olsthoorn et al. (2015).
6. Conclusions and policy implications
The presented literature research and case study allows for a better
understanding of how economic, regulatory, technological, organiza
tional, behavioral, informational, and competence obstacles prevent
companies in the industrial sector to flexibly adapt their power con
sumption. On this basis, we can derive several policy implications and
draw our final conclusions.
In particular, Obstacles E2 – E3.3 illustrate that financial incentives
are often insufficient for companies to invest in the implementation of
DR. In order to promote DR, the responsible legislator could implement
several measures. First, there is the possibility to expand current funding
of public projects on industrial DR implementation. This could be
particularly valuable to trigger flexibilization at companies where DR
has not played a role so far due to low energy intensity (cf. E1). The
prerequisite for this is that it should be also possible to trade smaller
flexibility units on the markets (cf. R2.3). Second, the legislator could
readjust taxes and levies for power purchases and, therefore, increase
11
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Fig. 2. Number of new obstacles after each interview.

that already have investigated the question which obstacles exist (for
companies), we extend their research by detailed company insights and
present in detail the backgrounds how these obstacles prevent com
panies from exploiting their (existing) flexibility potentials.
As we have illustrated, the identified obstacles from literature and
our case study represent general obstacles for companies. However, note
that some of the regulatory obstacles presented (cf. R2.2 – R6.1) relate
to the European or, in particular, German legislation. As Obstacle R10
depicts, globally heterogeneous legislation may result in other or further
obstacles which in turn can take on different forms for companies on
their production sites.
Summarizing, our findings can form the basis for future research that
could, in particular, develop detailed solutions to the existing obstacles
faced by companies. In this respect, our previously listed policy impli
cations may serve as a first research agenda for future work. With regard
to our limitations, further research could examine these obstacles in an
international context. Against the background of globally heterogeneous
legislation, further research should analyze how specific regulatory
obstacles in Germany, respectively Europe, also occur in other power
systems and their corresponding legislative frameworks. Our derived
recommendations for action from the identified obstacles illustrate that
the trade-off between addressing various obstacles needs to be closely
examined. In this context, special attention of future research could be
paid to how market and regulatory rules should be balanced in order to
provide companies with the best possible framework for providing DR,
while also considering process efficiency. The cross-references and de
pendencies we identified between obstacles could form the basis for
such an in-depth analysis on the framework conditions. At the inter
section of economic and regulatory obstacles, future research could
further analyze the effects of different taxation models on power prices
and their functioning as a guiding signal for DR. Furthermore, when
analyzing or conceptualizing a future energy market design, as well as
their communication and digital interfaces, it is essential to take the
technological status quo of the participants in the markets, e.g.,
participating companies, into account. For instance, future research
could develop flexibility products with more degrees of freedom better
considering the technical prerequisites, e.g., ramp rates, of potential
market participants. By knowing the obstacles to demand flexibility, it is
possible to implement targeted measures to resolve these obstacles. In
this way, our work can contribute to creating appropriate conditions and
incentives, both within the company and for external framework con
ditions, so that flexibility on the demand side can help shaping the way
for a successful energy transition.

Table 12
Number of references of obstacles in our case study.
# of
references

Table

ID

Obstacle

12
11
11
11
9
9

Table 5
Table 5
Table 6
Table 6
Table 5
Table 7

E3.1
E3
R5
R6.1
E8
T1

9
8

Table 7
Table 5

T2
E2

8
7
7
7

Table 6
Table 7
Table 7
Table 10

R6
T4
T4.1
I3

(Power) cost savings through DR are low
Lack of revenues through DR
Conflicts with grid fee regulations
Conflicts with energy efficiency
Potential risk on production target values
Technical risk of disruption of production
process
Technically infeasible to reduce peak load
Greater economic appeal of alternative
measures to optimize power costs
Prioritization of energy efficiency measures
High requirements of IT
High effort and complexity within IT system
Uncertainty about future regulations and
legislative developments

area also in order to reduce requirements and complexity of IT systems
(cf. T4,T4.1).
In addition to developing standards, the legislator could also invest
in research into flexible operation of production processes. Since com
panies often optimize their production processes for one certain efficient
mode of operation, there is already a lack of technological prerequisites
to operate DR (cf. T1,T2).
Concluding our research, flexibility within the power system
increasingly represents an important option for a successful energy
transition with a high share of intermittent RES. Whereas in the past
mostly conventional power plants provided the required flexibility in
power systems, flexibility on the demand side, especially in the form of
DR, energy storage, and grid expansion will gain importance in the
future. The industrial sector as a powerful lever can significantly
contribute to flexibility in the power system, and, thus, support a further
expansion of RES. Also, by aligning their production flexibly with fluc
tuating power prices, companies can reduce their power procurement
costs and increase their competitiveness.
However, in order to implement DR measures, there is a need for
appropriate conditions and incentives both within the company and the
legislation. Our combined literature review and case study reveals that
there are several obstacles that currently still prevent companies from
flexibilizing their power consumption. Consequently, many companies
have not yet or only partially tapped their potential for DR. Based on
literature, e.g., Olsthoorn et al. (2015) and Alcázar-Ortega et al. (2015),
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