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“There is no such thing as a single-issue struggle

’

because we do not live single-issue lives.’

Audre Lorde
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Abstract

Amidst the progressing energy transition accompanied by the expansion of renewable energy
sources and the electrification of energy services, demand-side flexibility is gaining increasing
significance for private households. Through market signals, they are incentivized to adjust
their consumption according to the current availability of energy in the system. This trajectory
is accompanied by the dissemination of technologies for demand-side flexibility which bear the
potential to provide flexibility to the energy grid without manual interference from household
members. While more affluent households are gradually adopting said technologies, house-
holds at risk of energy poverty tend to lack access to them. Applying an energy justice perspec-
tive, the research presented twenty injustices associated with the current access of households
at risk of energy poverty to technologies for demand-side flexibility. Through a mixed-methods
approach encompassing expert interviews and a complementary online survey based on a case
study of the German Energiewende, the results illustrated that the expansion of technologies
for demand-side flexibility yields injustices for households at risk of energy poverty beyond the
financial cost of these technologies but might instead further exacerbate their risk of energy
poverty or exclude them from the energy transition altogether. This represents a clear argument
to decrease access barriers for these households to technologies for demand-side flexibility. As
such, the research invites stakeholders such as the government, private sector, but also land-
lords and landladies to incorporate justice considerations into their decision-making processes

about digital technologies in the energy sector.



1 Technologies for Demand-Side Flexibility: An Emerging Focus

in the Energy Transition

This research addresses the intersection of energy justice and demand-side flexibility
from the perspective of households at risk of energy poverty in the context of Germany.
A thorough understanding of this research background necessitates a brief introduction to
the energy transition and its key characteristics. With the majority of energy still being
sourced from fossil fuels (Olabi & Abdelkareem, 2022), the energy sector accounts for
over 38 % of the carbon dioxide (CO2) emissions worldwide, far exceeding any other
economic sector (Crippa et al., 2021). Since the increase of atmospheric carbon dioxide
is the main driver of global warming, the transformation of fossil fuels into electricity and
heat significantly contributes to climate change (Saint Akadiri et al., 2020). The energy
transition represents a central solution thereof as it typically entails a shift away from
traditional, high-carbon fossil fuels towards low-carbon renewable energy sources (Tian
et al., 2022). Signed by 196 parties, the Paris Agreement and the German Energiewende
(energy transition) initiative are two of the numerous supranational and national endeav-
ors targeted at a decrease of emissions, thereby implying a decarbonization of the energy
sector (Savaresi, 2016; Wiese et al., 2022).

Yet, the energy transition also encompasses central challenges. As opposed to traditional
energy sources, renewable energy is generated in a more distributed, decentralized, small-
scale, and varying manner (Olabi & Abdelkareem, 2022). Consequently, the available
supply in the energy grid is subject to increasing fluctuations and uncertainty (R. Wang
et al., 2014). Moreover, the electrification of energy services results in a growing energy
demand, particularly during peak times (Bellocchi et al., 2020; Powells et al., 2014). To
account for the resulting peaks and troughs of both energy supply and demand, the energy
transition is accompanied by the gradual introduction of digital technologies (Kiifeoglu
etal., 2019).

Amidst the energy transition, a new area of research at the intersection of technology and
social sciences has emerged in recent years (Sovacool & Dworkin, 2015). As a modern
branch of environmental justice, the concept of energy justice is centered around the no-
tion that transitions inevitably produce winners who profit from the resulting opportuni-
ties as well as losers who bear the associated burdens and lack access to such opportuni-
ties (Carley & Konisky, 2020). This dichotomy illustrates that some parts of the society
are more affected by the energy transition than others, emphasizing the significance of
incorporating inclusivity and distributional considerations into decision-making pro-

cesses around the energy transition. This is closely related to the notion of energy poverty



which addresses the unequal access “to adequate, affordable, reliable, high-quality, safe,

and environmentally friendly energy services” (Kopatz et al., 2010, p. 7).

1.1 Problematization and Research Gap

The problematization on which this research builds emerges at the juncture of the increas-
ing dissemination of digital technologies in the energy sector and energy justice consid-
erations. For private households, the energy transition is accompanied by encouragements
to alter their use of energy. Through market signals, they are increasingly incentivized to
shift their energy consumption to times where supply is abundant and demand is scarce
to balance the load on the grid, an ability commonly referred to as demand-side flexibility
(D’Ettorre et al., 2022). Consequently, among the widespread adoption of demand-side
flexibility, energy bills are increasingly determined by how and when, not only how

much, energy a household consumes (Yule-Bennett & Sunderland, 2024).

Approaching this notion from an energy justice perspective, POWELLS & FELL (2019)
acknowledge that the ability of households to contribute to demand-side flexibility differs
significantly. Apart from a household’s financial resources, their flexibility capital is a
central factor which determines the way in which a household is affected by demand-side
flexibility. It describes the ability to shift energy use in time, space, intensity, or energy
sources, and is determined by factors such as work, digital literacy, and electric loads, the
authors outline. Said flexibility capital can be either technology- or socially-derived. The
former describes the utilization of technologies to manage demand-side flexibility,
whereas socially-derived flexibility capital refers to the manual adaptation of daily prac-
tices. Due to the investment costs associated with these technologies, the degree of house-
holds’ technology- or socially-derived flexibility capital depends on their affluence.
Households with fewer financial resources and with less flexibility capital experience an
increased tension between comfort and energy cost and are at an elevated risk of energy
poverty. Hence, amidst the current progress of the energy transition, some households,
typically more affluent ones with higher energy loads, already possess technologies for
demand-side flexibility, whereas others do not (Powells & Fell, 2019).

From a mere technical energy systems perspective, this is reasonable as those households
offer more flexibility capital to the grid. From an energy justice perspective, however,
this trajectory might be associated with unintended consequences. Building on the notion
of POWELLS & FELL (2019), the potential injustices that are accompanied by the expansion
of technologies for demand-side flexibility for households already at risk of energy pov-
erty remain unclear. More precisely, little is known about the ways in which they cur-

rently contribute to demand-side flexibility. Furthermore, amidst the increasing uptake of



technologies for demand-side flexibility from more affluent households, it is underex-
plored whether the access to such technologies for demand-side flexibility is related to
changes in their energy consumption behavior which might ultimately affect their ability
to participate in the energy transition. Henceforth, this phenomenon is referred to as spill-
over effects. It becomes evident that an energy transition in which more affluent house-
holds gradually adopt technologies for demand-side flexibility while households at risk

of energy poverty do not stimulates energy justice considerations.

This particularly applies to the case of Germany whose Energiewende initiated by the
government in 2000 is regarded as one of the furthest progressed energy transitions glob-
ally (World Economic Forum, 2023). Amidst the country’s gradual expansion of renew-
able energy sources and the introduction of technologies for demand-side flexibility, the
concept of energy poverty has only recently arrived on the scientific and public agenda
(Bode, 2022). As of now, scientific contributions addressing energy poverty are scarce;
the intersection of digital technologies and energy poverty remains fully underexplored
in the German context. Hence, the advanced nature of Germany’s energy transition paired
with the scarce discourse around energy poverty serves as the basis on which this research
builds. The incorporation of the previously outlined injustices for households at risk of
energy poverty in the decision-making process of Germany’s energy policies is central to
pave the way for a just energy transition. Moreover, the country’s swiftly progressing
energy transition leaves a limited time frame for the incorporation of evidence-based pol-

icies targeted at the inclusion of households at risk of energy poverty.

1.2 Research Goal and Research Questions

Against this background, the overarching research goal is to expand the discourse around
the injustices associated with the current access of households at risk of energy poverty
to demand-side flexibility in the context of Germany. To serve as a basis for energy de-
cision-making among different stakeholders, these injustices are intended to be multifac-
eted, empirical, and future-oriented. The first step thereof is to enhance the currently
scarce academic discourse on energy poverty in the German context by outlining the con-
tribution of households at risk of energy poverty to demand-side flexibility. Furthermore,
to identify potential injustices in the longer term, the research aims to assess the spillover
effects on households’ energy consumption behavior associated with the access to tech-

nologies for demand-side flexibility.

To adequately address and consolidate this research goal, the following main research
question was formulated: What injustices are associated with the current access of house-

holds at risk of energy poverty to technologies for demand-side flexibility? Furthermore,



the following two sub-research questions were identified to holistically answer the main

research question:

1. In what ways are households at risk of energy poverty currently contributing to

demand-side flexibility?

2. What spillover effects does the access of households to technologies for demand-

side flexibility have on their energy consumption behavior?

Given the previously outlined research questions, the remainder of this paper is structured
as follows. The subsequent chapter introduces the existing body of scientific literature on
which this research builds. Chapter 3 provides an outline of the theoretical framework
applied within this research, followed by the methodology. The fifth chapter presents
central legal and administrative decisions around the case study on the German Ener-
giewende as well as a case-specific historical overview of energy poverty. Structured
along the three research questions as well as the theoretical framework, Chapter 6 intro-
duces the research findings. The paper concludes with a discussion as well as a conclusion

chapter.



2 Literature Review

The following chapter provides a comprehensive overview of the already existing litera-
ture on which this research builds. Apart from providing the reader with a comprehensive
research background, the information provided in this chapter served as a foundation for
the ensuing data collection and analysis. The literature review was conducted in an itera-
tive approach. Under consideration of the research background, relevant scientific litera-
ture on the energy transition, digital technologies in the energy sector, as well as energy
justice was studied. In accordance with the previously stated research goal as well as the
applied energy justice perspective, the chapter predominantly encompasses scientific con-

tributions in the realm of energy policy literature.

Applying a funnel approach, this served as the basis for presenting the current literature
on the intersection of digital technologies, demand-side flexibility, and energy justice. As
the research progressed, the literature review was further expanded and adjusted until, at
the discretion of the researcher, it adequately mirrored the fundamental concepts relevant
in the nexus of this study. The chapter is organized accordingly. After an introduction
into concepts related to the energy transition, the literature review sheds light on the ex-
isting digital technologies in the energy sector. The second part of this chapter presents
an outline of the current energy justice literature including an overview of the types used
to distinguish different research strings. Lastly, the connection between energy justice
and demand-side flexibility is outlined, concluding with the research gap on which this

research builds.

2.1 The Energy Transition

The energy transition is closely rooted in global endeavors to combat climate change. The
long-term shifts in global temperatures and weather patterns commonly referred to as
climate change are a consequence of the increased levels of atmospheric carbon dioxide
predominantly caused by human activities (De Matteis, 2019). The resulting surge in
global temperatures bears manifold risks for human and environmental systems (Simpson
et al., 2021). Since entering the public debate in the 1980s, ambitious national and supra-
national agreements to combat climate change have gained momentum in recent years
(Falkner, 2016). A central driver of climate change is the steadily rising demand for en-
ergy which is still predominantly generated from fossil fuels. The transformation of fossil
fuels such as oil, coal, diesel, and natural gas into energy is associated with a significant
amount of carbon dioxide emissions and thus directly related to climate change (Dogan
& Seker, 2016). Since 1980, global energy consumption has more than doubled, a trend



propelled by the forces of population and economic growth (Bilgen, 2014; Energy Insti-
tute, 2023).

Committing to take measures to combat climate change, numerous multilateral as well as
national agreements have been signed by countries. An overview of such decisions which
shaped the trajectory of the German Energiewende are further delineated in Chapter 5.
Central to this commitment is a fundamental change within the energy sector to meet the
rising energy demand while simultaneously limiting its adverse effects on climate change
and reduce the dependency on finite fossil fuels. First and foremost, these changes en-
compass the shift away from traditional sources of energy towards low-carbon alterna-
tives such as solar, wind, hydrogen, and bioenergy (Panwar et al., 2011). As opposed to
traditional energy sources, renewable energy is created on a more local level and, partic-
ularly with regard to solar and wind power, intermittent and variant in nature (Olabi &
Abdelkareem, 2022). An example thereof lies in the growing share of photovoltaic pro-
jects which are predominantly owned by domestic consumers, illustrating that the energy
generation becomes increasingly distributed, decentralized, and small-scale (Kiifeoglu et
al., 2019).

This trajectory is further accelerated by the increasing electrification of everyday life,
primarily heating and personal mobility. Since the associated household practices such as
working, cooking, and laundry are highly social phenomena, their electrification is ac-
companied by significant peak demands of energy, particularly in the evening hours
(Powells et al., 2014). The mismatch between the increasing share of varying renewable
energy supply on the one hand and the fluctuating demand from households and the in-
dustry on the other illustrates the growing significance of a future energy system that is
still capable of ensuring energy security (Kiifeoglu et al., 2019). Digital technologies play

a central role in managing the varying energy supply and demand.

2.1.1  Digital Technologies in the Energy Sector

KUFEOGLU ET AL. (2019) state that the digitalization of the energy sector “involves the
creation and use of computerized information and processing of the vast amounts of data
which is generated at all stages of the energy supply chain” (p. 1). More specifically, the
German Association of Energy and Water Industries defines the digitalization of the en-
ergy sector as the interconnectedness of applications, business processes, and hardware
based on internet technologies using sensors and self-controlling devices (Bundesverband
der Energie- und Wasserwirtschaft, 2016, p. 14). Correspondingly, within the scope of

this research, digital technologies are understood as applications based on either hardware



or software, “but in most cases are a combination of both, so-called cyber-physical sys-
tems, which use information and communication technology” (Weigel & Fischedick,
2019, p. 2).

Through their analysis of skill requirements in the United States’ energy sector, LYU &
L1u (2021) identify six different emerging digital technologies, namely Artificial Intelli-
gence (Al), Internet of Things (IoT), robotics, big data, blockchain, and cloud computing,
with Artificial Intelligence being the most prominent. Moreover, WEIGEL & FISCHEDICK
(2019) provide a structured overview of the applications in which the abovementioned
digital technologies are applied within the energy sector. This also alludes to the ambigu-
ity of the term digital technologies. While LYU & L1U (2021) rather focus on fundamental,
enabling digital technologies used across sectors, WEIGEL & FISCHEDICK (2019) instead
approach the notion of digital technologies from the practical application in the energy
sector. Coalescing these two approaches, digital technologies according to the structure
proposed by LYU & L1U (2021) are outlined successively while simultaneously illustrating
their practical application in accordance with WEIGEL & FISCHEDICK (2019). Since the
research is predominantly focused on the household level where digital technologies in

the realm of robotics are uncommon, this concept was not further delineated.

2.1.1.1 Artificial Intelligence

With regard to the first digital technology, SZCZEPANIUK & SZCZEPANIUK (2023) summa-
rize that Artificial Intelligence “presupposes the ability of computer systems to make in-
ferences modelled on human logic and intelligence” (p. 4). Furthermore, the authors out-
line a typology of Artificial Intelligence algorithms, as well as six application areas within

the energy sector.

The first type, Machine Learning, essentially draws on existing data sets to serve as the
basis on which predictions about unknown data are made. Metaheuristics are the second
type of Artificial Intelligence algorithms. They represent a method to solve optimization
problems for which an optimal solution within a reasonable time span is impossible; the
use of these algorithms, however, also does not ensure the identification of a solution at
all. Fuzzy Inference Systems represent the last type of Artificial Intelligence algorithms
introduced by the authors. In contrast to the classic binary logic which calculates with 0
and 1, Fuzzy Inference Systems are based on a multi-valued logic. Acknowledging the
ambiguity of problems in the energy system, elements within these algorithms may par-
tially belong to a set, whereas, in a binary logic, they either belong or do not (Szczepaniuk
& Szczepaniuk, 2023).



In line with the different types of Artificial Intelligence, its applications are manifold. The
algorithms play, for instance, a central role in advanced smart grid management and re-
newable energy systems (Bose, 2017). Essentially, smart grids are a central cornerstone
towards a demand-based, digitalized energy system. They enable the monitoring of the
distributed energy generation as well as demand predictions based on historical energy
generation and consumption data (Bayindir et al., 2016). Moreover, Al-based algorithms
are deployed for the prediction of future demand patterns, thereby significantly contrib-

uting to the management of the energy system (Raza & Khosravi, 2015).

2.1.1.2 Internet of Things

IoT is a worldwide communication infrastructure via the internet that “provide[s] con-
nectivity anywhere, of anything and anywhere between homogeneous objects” (Haseeb
et al., 2019, p. 1). More specifically, HOSSEIN MOTLAGH ET AL. (2020) state that the In-
ternet of Things consists of physical objects and elements fitted with sensors, actuators,
and processors which communicate with each other to perform tasks. Moreover, the au-
thors present five different components which constitute an [oT platform. The first thereof

is the application, depending on the purpose the technology is supposed to fulfil.

Based on the chosen application, suitable devices are identified, among them sensors,
actuators, and communication technologies. The former serve to immediately collect and
transmit data. In the energy sector, sensors are predominantly used to facilitate decision-
making, diagnostics, and optimization processes. Actuators, on the other hand, enable the
desired execution of devices within the IoT system. They are predominantly applied in
industrial processes for increased energy efficiency. Through IoT gateways, wireless
communication systems allow for the exchange of data between sensors. Communication
protocols represent the third component of IoT platforms as they permit the sharing of the
data collected by the devices with decision-makers. Data storage and data analytics pose
the last two components of an IoT platform, enabling the management, analysis, and ul-

timately decision-making based on the collected data (Hossein Motlagh et al., 2020).

Similar to Artificial Intelligence, the Internet of Things is widely used in different indus-
tries. In the energy sector, the application areas range from the industry to smart cities
and residential housing. As for the latter, [oT devices play a role in solar storage, electric
vehicle charging, and household automation in the context of smart home applications
(Ahmad & Zhang, 2021). Constituting a central part of this research’s scope, smart home
technologies provide “intelligent living environments for daily convenience and comfort”
(Zaidan & Zaidan, 2020, p. 142). Services in the nexus of smart home range from the
visualization of energy consumption in real time to smart devices for energy efficiency

optimization, tariff and consumption optimization, and security systems (Weigel &



Fischedick, 2019). Combined with additional digital technologies in the energy sector,
the Internet of Things paves the way for residential smart home energy management sys-

tems for automated energy saving (Machorro-Cano et al., 2020).

2.1.1.3 Big Data and Cloud Computing

In light of the previously outlined digital technologies, it becomes evident that the energy
system consistently generates, but is also dependent on, large amounts of data. Big data
is often characterized as being high in volume, velocity, and variety, typically referred to
as the three V’s. In this context, volume alludes to the massive amount of data. Variety
refers to the different sources from which the data is gathered, whereas velocity describes
the speed in which this data is collected (Berger & Doban, 2014).

The smart grid infrastructure, connected with individual households through smart me-
ters, is an essential source of big data. Smart meters are digital electricity meters that
allow bidirectional communication between the meter installed in a private household and
an energy supplier based on smart metering technology (Wunderlich et al., 2019).
Through a smart meter gateway which serves as a communication unit between the smart
grid and private households, smart meters enable a remote reading of electricity consump-
tion and greater transparency for consumers. Therefore, the smart meter gateway contin-
uously collects, processes, encrypts, transmits, stores, and analyzes consumption data and
measured values (Hellmuth & Jakobs, 2020).

Cloud computing is closely related to the concept of big data as it represents a common
solution to handle the massive amount of information associated with it (Ouf & Nasr,
2015). BAEK ET AL. (2015) state that cloud computing, known for its scalability, energy
efficiency, and cost saving, “provides computational resources on demands” (p. 1) and
thus yields the necessary abilities to manage big data. In the energy sector, cloud compu-
ting enables the transmission of huge data sets in a smart grid environment. This lays the
foundation for an advanced power system monitoring through analyses such as optimiza-
tion and forecasting (AL-Jumaili et al., 2023; Zhou et al., 2016).

2.1.1.4 Blockchain

Also referred to as distributed ledgers, a blockchain is a “shared and distributed database
that contains a continuously expanding log of transactions in their chronological order”
(Andoni et al., 2019, p. 145). Several of these digital transactions are collected into time-
stamped blocks which, like a chain, are linked to their predecessors. Instead of trusting

on a central authority to ensure the validity of transactions, blockchain relies on distrib-
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uted consensus algorithms which enable network members to verify transactions them-
selves. Through this system, distributed ledgers are considered as particularly secure and
transparent (Andoni et al., 2019).

Due to these characteristics, blockchain finds its application in an energy system predom-
inantly based on renewables. As WANG ET AL. (2021) explain, the technology lays the
foundation for smart contracts. Blockchain enables smart contracts to automatically take
decisions from a predefined set of rules and criteria such as the availability of renewable
energy and the current energy price (Kirli et al., 2022). However, a prerequisite for smart
contracts is an energy system which permits dynamic pricing and thus adjusts the price
of energy according to the currently available demand (Dutta & Mitra, 2017). Enabled by
blockchain technology, smart contracts on the basis of digital currencies are then used for

the secure transaction of data within a smart grid system (Q. Wang et al., 2021).

Dynamic time-of-use tariffs are prominent examples of such smart contracts which build
on the blockchain technology to ensure privacy and security (Knirsch et al., 2018; Schletz
et al., 2020). In the context of demand-side flexibility, these tariffs are gaining increasing
significance. Amidst electricity peak demands, electricity prices substantially increase,
potentially even leading to system blackouts (Pallonetto et al., 2016). Since dynamic
time-of-use tariffs are characterized by varying electricity prices that depend on the cur-
rent supply and demand of energy as well as the market price, they incentivize households
to adjust their energy consumption patterns accordingly (Nicolson et al., 2018). The
means through which said adjustment of energy loads can be achieved vary, ranging from
the manual execution by household members to full automation where the need for human

intervention is eliminated (Pallonetto et al., 2016).

As previously outlined, digital technologies play a pivotal role in the energy sector and
are applied in numerous ways throughout the system and are closely intertwined. The
implications associated with these technologies for the energy transition, however, reach
far beyond environmental and technological spheres. Rather, the energy transition is ac-
companied by profound social repercussions which are addressed in the different fields

of energy justice.

2.2 Energy Justice

Historically, energy justice is rooted in the environmental justice movement of the United
States. As MOHAI ET AL. (2009) illustrate in their conceptual review, environmental jus-
tice initially emerged in the context of environmental racism. The latter brought attention
to the disproportionate environmental risks people of color and low-income communities

face; a matter which appeared on the public agenda through civil rights movements in the



11

early 1980s. As a countermeasure against environmental racism, BULLARD (1996) coined
the term environmental justice as “the principle that all people and communities are enti-
tled to equal protection of environmental and public health laws and regulations” (p. 493).
Environmental justice hence connects the concepts of “environmental issues and social

justice” (Figueroa, 2022, p. 427) previously treated as distinct topics.

Since the 1980s, the framing and scope of environmental justice has expanded beyond
the United States. While early environmental justice considerations mainly tackled issues
of distribution, the discourse gradually started to incorporate procedural and recognition
aspects in the early 2000s (Walker, 2009), three concepts later on also applied in energy
justice research. Environmental justice yields implications both on a national and global
scale, particularly considering the implications associated with climate change, and serves
as a starting point for a plethora of research strings emerging from environmental risks
and access to resources. Sparked by the broader discourse on environmental inequality
and the progressing energy transition, energy justice appeared on the social science re-

search agenda.

Scientific contributions directly dedicated to energy justice surfaced in the early 2010s,
aiming, as JENKINS ET AL. (2016) recognize, to employ notions of justice to energy policy,
energy production and systems, energy consumption, energy activism, energy security,
and climate change (p. 175). Congruently, the authors perceive energy justice as an inter-
disciplinary field, incorporating perspectives from “business, geography, political sci-

ence, legal studies, philosophy, and environmental studies” (p. 175).

In accordance with the notion of environmental justice, SOVACOOL ET AL. (2017) define
energy justice as an “energy system that fairly distributes both the benefits and burdens
of energy services, and one that contributes to more representative and inclusive energy
decision-making” (p. 1). Correspondingly, CARLEY & KONISKY (2020) introduce the con-
cept of energy justice by acknowledging that the energy transition inevitably produces
winners who benefit from cleaner sources of energy, decreased emissions due to the shift
away from fossil fuels, and the employment of innovation opportunities which accom-
pany it. Simultaneously, the energy transition produces losers bearing the burdens or lack-

ing access to such opportunities.

Based on the awareness for the growing number of scholars advocating for the incorpo-
ration of energy research into policymaking, GALVIN (2019) perceives energy justice re-
search as an approach towards a “joined-up ethical framework” to discuss “issues of fair-
ness between people, on local and global scales, in relation to energy supply, production
and consumption” (p. 176). This corresponds with MCCAULEY ET AL.'S (2019) appeal to

incorporate “questions of energy justice [into the energy transition] to ensure that policies,
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plans and programs guarantee fair and equitable access to resources and technologies” (p.
916). Therefore, SOVACOOL ET AL. (2016) propose an energy justice framework consist-
ing of eight principles to support energy policies which served as the theoretical frame-

work of this research and is further delineated in Chapter 3.

As such, energy justice equally serves as a conceptual, analytical, and decision-making
tool, SOVACOOL & DWORKIN (2015) explain. While the former enables a philosophical
and ethical point of view, energy justice as an analytical tool particularly addresses energy
researchers aiming to find solutions for problems in the energy system. The concept can
also be applied to aid the decision-making of energy planners. In the context of this re-

search, energy justice is predominantly treated as an analytical and decision-making tool.

Similar to the environmental justice literature, energy justice research has brought forth
several conceptualizations, primarily distributional, recognition, and procedural justice
coined by MCCAULEY ET AL. (2013) as the triumvirate of tenets. JENKINS ET AL. (2016)
appeal for the inclusion of each of these tenets into energy policies under consideration
of both energy production and consumption in a global, holistic manner. To further con-
ceptualize energy justice, the triumvirate of tenets as well as further types of energy jus-
tice are introduced hereinafter, both generally and in the nexus of digital technologies in

the energy sector.

2.2.1 Distributional Justice

Distributional justice is rooted on the fundamental inequalities of the energy system in
terms of the location of energy generation and the corresponding access to energy (Sova-
cool et al., 2016). In this context, distributional justice, less commonly also referred to as
distributive justice (Sovacool & Dworkin, 2015; Sovacool et al., 2019; Pellegrini-Masini
et al., 2020), aims at the identification where energy injustices emerge (Jenkins et al.,
2016). More specifically, it pertains to “the distribution of costs and benefits of energy
supply and consumption — who pays, who can afford to pay, what benefits they get and
what disadvantages they suffer” (Galvin, 2019, p. 176). Strikingly, energy is perceived as
a benefit in these definitions — or, more generally, a good. Yet, energy in itself is not a
good; rather, it serves as a means through which other goods are acquired, a notion on
which the term “energy services” builds (Jones et al., 2015, p. 19). In the nexus of house-
holds, these energy services include, but are not limited to, heating, cooking, cooling, and
lighting (Sovacool, 2011).

In their conceptual review, JENKINS ET AL. (2016) distinguish between the distribution of
ills for electricity consumers and the re-distribution of benefits with regard to distribu-

tional justice. The distribution of ills entails a financial component in the sense that the
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energy transition bears the risk of imposing relatively higher costs on those with a lower
income. Furthermore, it involves a spatial element resulting from the increasingly distrib-
uted and potentially uneven energy supply amidst an energy system based on renewables.
This, in turn, exemplifies the association between distributional justice and geographical
considerations. Authors such as BOUZAROVSKI & SIMCOCK (2017) expand on the spatial
dimension of energy justice, acknowledging that the access to energy is a geographically

dependent matter.

The distribution of ills also demonstrates that distributional justice has a social dimension
since the access to energy services within society differs, particularly depending on indi-
viduals’ economic situation. This is closely intertwined with the concept of energy pov-
erty. Notably under the term fuel poverty, energy poverty originated from the United
Kingdom in the 1970s. WALKER & DAY (2012) conceptualize it as an injustice which
involves the “compromised ability to access energy services and thereby to secure a
health[y] living environment” (p. 69). Correspondingly, KOPATZ ET AL. (2010) define en-
ergy poverty as the lack of access to adequate, affordable, reliable, high-quality, safe, and
environmentally friendly energy services for human development (p. 7). While energy
poverty has a decade-long Anglo-Saxon history in research and policymaking, the term
only recently arrived on the scientific and public agenda in Germany; a consensus on an
official national measure for energy poverty has yet to be reached (Heindl, 2015; Schultz,
2018).

With regard to the abovementioned re-distribution of benefits, JENKINS ET AL. (2016) ap-
proach distributional justice from the opposite angle. Here, the authors raise questions as
to whether the unfair spread of benefits caused by the energy transition creates injustices

as well, and whether the re-distribution of such benefits constitutes to justice.

2.2.2  Recognition Justice

In the triumvirate of tenets by MCCAULEY ET AL. (2013), recognition justice represents
the third tenet. More recently, scholars perceive recognition justice as the second and
procedural as the final tenet which builds on the others (Jenkins et al., 2016; McCauley,
2018). Hereby, the researchers acknowledge that first, injustices must be identified before
those affected can be recognized. Only then, suitable strategies to address the injustices
can be discerned (Bartiaux et al., 2018). Following this structure, recognition justice is
presented as the second tenet, advocating for equal respect and equal rights across groups
(Walker & Day, 2012).

An absence of recognition can manifest differently, ranging, as MCCAULEY ET AL. (2013)

describe, from “forms of cultural and political domination” to “insults, degradation and
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devaluation” (p. 3). Correspondingly, JENKINS ET AL. (2016) distinguish between the three
injustices non-recognition, cultural domination, and disrespect. Non-recognition is asso-
ciated with the failure to acknowledge specific groups and their energy needs, resulting
in a lack of information about marginalized social groups. Here, the authors draw the
connection to the United Kingdom’s legacy of energy poverty in relation to the recogni-
tion of specific energy needs among social groups. Cultural domination and disrespect
are discernible as the misinterpretation of opponents’ objections against energy transition
programs; an approach which potentially impedes the identification of feasible compro-
mises (Jenkins et al., 2016). Similar to the previous tenet, these conceptualizations in the
nexus of recognition justice have manifested in the Anglo-Saxon context. Due to the lack
of scientific research, the extent to which these concepts find application in Germany

remains, however, underexplored.

2.2.3 Procedural Justice

As formerly justified, procedural justice ensues recognition justice since the recognition
of any stakeholder is required to ensure their non-discriminatory and equitable participa-
tion in decision-making (Pellegrini-Masini et al., 2020). Procedural justice represents,
thus, the third of the triumvirate of tenets. Essentially, procedural justice appeals for the
incorporation of all groups into the decision-making process (McCauley et al., 2013).
JENKINS ET AL. (2016) remark that procedural justice is targeted at providing strategies
for the remediation of energy injustices. Appeals for procedural justice thus clearly con-
tradict with features of modern energy systems characterized by what JONESET AL. (2015)
describe as “a form of technocratic authoritarianism” and rigidity as a result of path de-

pendency and deliberate industry design (p. 149 f).

BELL & ROWE'S (2012) definition of procedural justice entails “fairness in the process of
decision-making and policy-making” (p. 2). Correspondingly, SIMCOCK (2016) presents
three dimensions of procedural justice according to which the fairness of a decision-mak-
ing process is determined, namely inclusion, responsibility, and influence. A relevant as-
pect regarding the former is that those affected by a decision should also be involved in
reaching it. Complementary, JENKINS ET AL. (2016) name local knowledge mobilization,
greater information disclosure, and better institutional representation as three mechanisms
of inclusion. The first thereof is based on the perception that including knowledge and
discourse in decisions significantly impacts policies. Secondly, procedural justice re-
quires meaningful participation, impartiality, full information disclosure by the govern-
ment and industry, as well as appropriate engagement mechanisms. The last mechanism,

better institutional representation, emphasizes that the unequal representation of gender
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and ethnic minorities in the government and the industry is a motor for unjust decision-

making.

Returning to SIMCOCK'S (2016) dimensions, the second one raises questions about the
responsibility of actors to ensure said inclusion. According to the author, the last dimen-
sion, influence, refers to the different degrees to which participants can shape outcomes,

ranging from a mere spectator to a direct decision-maker.

2.2.4  Beyond the Triumvirate of Tenets

Even though the triumvirate of tenets holds a prominent place in energy justice literature,
there are various other types complementary to the three. Cosmopolitan justice, for in-
stance, emphasizes the global nature of today’s energy system in the context of environ-
mental concerns and, ultimately, climate change. Hence, cosmopolitan justice provides
the foundation for a multitude of cross-cultural research areas closely intertwined with
fundamental justice considerations and their global scope as well as the role of morality

and political responsibility (Jones et al., 2015).

Given the geographical component in both cosmopolitan and spatial justice yields certain
analogies; a main difference between the two disciplines is, however, their scope. While
spatial justice acknowledges that the access to energy services may vary within a city,
region, or country, cosmopolitan justice investigates energy justice from a global, cross-
border point of view. Simultaneously, the discourse around cosmopolitan justice and its
geographical element acts as a starting point to consider whether energy justice also has
a temporal component. Apart from the long-term effects of climate change and the energy
needs of future generations, the temporality of energy justice also sparks the discourse
around the availability and affordability of energy services tomorrow (Jones et al., 2015;
Galvin, 2019).

HEFFRON & MCCAULEY (2017) introduce restorative justice as a method to either repair
existing injustices or prevent them altogether. Therefore, the authors call for the holistic
incorporation in theory, expressed through the triumvirate of tenets, on a global scale
through cosmopolitan justice, and practically, with the energy justice framework further
delineated in Chapter 3. The idea behind restorative justice is to take the potential harm
for people, society, and nature into account prior to decision-making, thus ensuring poli-

cymakers’ careful deliberation about potential outcomes (Heffron & McCauley, 2017).

Moving away from the fundamental typology of energy justice, scientific contributions
at the intersection of energy justice and digitalization have gained momentum within re-

cent years. Here, energy justice has been extensively assessed in the context of smart
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grids, but also the digital economy, Artificial Intelligence, and automated driving (Hiller-
brand et al., 2021; Milchram et al., 2018, 2020; Noorman et al., 2023). Another topic
closely related to the digitalization of the energy sector recently addressed by scholars is
demand-side flexibility which is, due to its relevance in the scope of this paper, further

delineated subsequently.

23 Energy Justice and Demand-Side Flexibility

Demand-side flexibility is a concept closely related to demand-side management. Under
the latter, approaches towards the incorporation of renewable energy sources into the en-
ergy system while simultaneously ensuring security, reliability, and resilience by manag-
ing demand-side activities are summarized (Stavrakas & Flamos, 2020). In light of the
increasing share of renewables complicating the continuous system balance of the energy
grid, demand-side management aims to ensure the “real-time control of distributed energy
sources” (Lampropoulos et al., 2013, p. 1). Here, several approaches are distinguished,
loosely classified into strategic load growth, energy efficiency, and demand response;

demand-side flexibility builds on the latter (Lampropoulos et al., 2013).

ADUDAET AL. (2016) conceptualize demand-side flexibility as “the ability of demand side
installations to respond to power systems requirements for ramping up or down using on-
site storage capabilities, increasing or reducing electricity consumption patterns while
maintaining acceptable indoor comfort bandwidth” (p. 147). In other words, demand-side
flexibility utilizes different methods and digital technologies to adjust the current demand
to the available supply; an endeavor in which not only industrial, but increasingly also
residential end consumers play a crucial role. For the latter, being flexible means “having
the ability to shift energy use in time and space, or through changes in intensity or vector,
such as switching from gas to electricity” (Powells & Fell, 2019, p. 56) to reduce peak
load on the grid. In this context, ADAMS ET AL. (2021) recognize that the “flexibility of
energy use is or will be an important and highly priced new economic and security re-

source within energy systems” (p. 3).

Amidst the progressing energy transition accompanied by the application of new digital
technologies as well as the advent of dynamic time-of-use tariffs, the ability to be flexible
is increasingly valuable for consumers. Thus, albeit an inherently technical topic, de-
mand-side flexibility also yields far-reaching justice implications. Through their study on
186 households in the United Kingdom, POWELLS ET AL. (2014) conclude that flexible
energy use is highly related to social practices, not merely the behavior of individuals.
These social practices include, for instance, cooking, eating, and doing laundry. Even
more so, the flexibility of these practices varies, depending on daily rhythms and conven-

tions, the authors demonstrate. This illustrates that, by adjusting their social practices,
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households possess the ability to be flexible, a term coined by POWELLS & FELL (2019)
as socially-derived flexibility. In contrast, technology-derived flexibility results from the
application of digital technologies, thus not necessitating a change in a household’s daily

practices.

In accordance with this, POWELLS & FELL (2019) introduce the concept of flexibility cap-
ital which is highly dependent on numerous factors ranging from work, social patterns
such as digital literacy, household characteristics, and electric loads to gender and wealth.
By drawing attention to the interplay between flexibility capital and affluence, the authors
acknowledge that the ability of a household to be flexible, either through social or tech-
nological means, differs. Those who possess fewer financial resources tend to derive their
flexibility through changes in social practices instead of technologies in anticipation of
economic rewards, potentially resulting in a decrease of their comfort or convenience,
POWELLS & FELL (2019) state. Even more so, particularly those with less flexibility cap-
ital and fewer financial resources are confronted with a higher risk of energy poverty and
the exclusion from smart energy services (Powells & Fell, 2019). This highly corresponds
with WALKER'S (2013) statement that “transitions towards a lower carbon society are
likely to have significantly uneven consequences: whilst some people will be able to adopt
lower carbon technologies and afford higher energy prices, others will find themselves

excluded, or unable to escape the effects of infrastructural lock-in” (p. 182).

Despite POWELLS & FELL (2019) raising awareness of the risks less affluent households
face with regard to demand-side flexibility, scientific contributions through an energy
justice lens particularly focusing on households already at risk of energy poverty remain
scarce. Thus far, the discourse on injustices associated with demand-side flexibility
mainly focuses on the varying inability of households to be flexible which is closely re-
lated to the unaffordability of technologies for demand-side flexibility for those with
fewer financial resources, as well as the resulting distributional effects among society
(Jalas & Numminen, 2022; Powells & Fell, 2019; Torriti & Yunusov, 2020; von Platten,
2022; White & Sintov, 2020; Yule-Bennett & Sunderland, 2024). A further injustice both
WALKER (2013) and POWELLS & FELL (2019) touch upon is the matter of exclusion.

Against this background, the injustices associated with the current access of households
at risk of energy poverty to technologies for demand-side flexibility who, according to
POWELLS & FELL (2019), belong to those at highest risk of exclusion from the energy
transition, have not been fully assessed yet. As of now, little is known about their current
contribution to demand-side flexibility. Even more so, it remains unclear whether house-
holds’ access to technologies for demand-side flexibility influences their energy con-

sumption behavior and with that, their overall participation within the energy transition,



18

a phenomenon referred to as spillover effects in this paper. If this was the case, the limited
access of certain social groups towards such technologies might constitute an injustice
beyond financial considerations. Due to the comparatively advanced progress of Ger-
many’s Energiewende paired with the scarcity of scientific contributions addressing en-
ergy justice, particularly energy poverty, in the country’s context, the research addresses

this goal through a case study on Germany.
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3 Theoretical Framework

As previously stated, the overarching research goal is to contribute to the discourse
around the injustices associated with the current access of households at risk of energy
poverty to demand-side flexibility in the context of Germany. To assist the energy deci-
sion-making between different stakeholders, these injustices are intended to be multifac-
eted, empirical, and future-oriented. The first step thereof is to expand the currently scarce
academic discourse on energy poverty in the German context by delineating the contri-
bution of households at risk of energy poverty to demand-side flexibility. Furthermore,
to identify potential injustices in the longer term, the research aims to assess the spillover
effects on households’ energy consumption behavior associated with the access to tech-
nologies for demand-side flexibility. Correspondingly, the following main research ques-
tion was identified: What injustices are associated with the current access of households

at risk of energy poverty to technologies for demand-side flexibility?

To holistically answer this research question, the following sub-research questions were
identified:

1. In what ways are households at risk of energy poverty currently contributing to

demand-side flexibility?

2. What spillover effects does the access of households to technologies for demand-

side flexibility have on their overall energy consumption behavior?

The following chapter outlines the theoretical framework according to which the research
questions were answered. It begins by delineating central concepts used in the scope of
this research. Consecutively, the energy justice framework which was adjusted to serve

as the paper’s theoretical framework is introduced.

3.1 Establishing a Common Terminology

The systematic answer to the research questions requires a mutual understanding of the
used terminology. This prevents ambiguities and provides a common ground on which
the central theoretical framework can be presented. As previously alluded to, the term
“technologies” as applied within the research questions can be defined differently, de-
pending on the context. In the scope of this research, technologies for demand-side flex-
ibility are understood as any digital technology in the energy sector which enables, either

through manual interventions or automatically, demand-side flexibility.

Furthermore, the expression “households at risk of energy poverty” requires further con-
textualization. Following the formerly introduced definition of KOPATZ ET AL. (2010),
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households at risk of energy poverty are operationalized as such that are at risk of being
unable to access adequate, affordable, reliable, high-quality, safe, and environmentally
friendly energy services for human development. Building on the perception further de-
lineated in Chapter 5 that energy poverty is a complex, multifaceted phenomenon, the
households prone to this risk were not further demarcated in advance. Instead, household
characteristics contributing to the risk of energy poverty serve as a foundation for estab-

lishing the results of the first sub-research question.

3.2 The Energy Justice Decision-Making Framework

The energy justice decision-making framework by SOVACOOL ET AL. (2016) serves as the
theoretical framework of this research. As the authors describe, the framework was de-
signed to contextualize core elements of energy justice research which were addressed in
Chapter 2 through eight decision-making principles. It is an approach to facilitate the
common understanding among researchers, practitioners, and energy consumers when
referring to energy injustices. Therefore, SOVACOOL ET AL. (2016) perceive the frame-
work as a means “that can begin to achieve a more just and equitable balance of all the
competing aims in energy policy and ensure that the trade-offs that are made in the energy

sector are inherently more just and equitable in their societal outcomes” (p. 14).

The framework consists of the principles availability, affordability, due process, transpar-
ency and accountability, sustainability, intragenerational equity, intergenerational equity,
and responsibility. According to the author’s definition, the principle of availability de-
mands that “[p]eople deserve sufficient energy resources of high quality” (Sovacool et
al., 2016, p. 14). Affordability emphasizes that “[t]he provision of energy services should
not become a financial burden for consumers, especially the poor” (p. 14). Here, SOVA-
COOL ET AL. (2017) further elaborate that “[a]ll people, including the poor, should pay no
more than 10 % of their income for energy services” (p. 687). Due process, on the other
hand, appeals that “[c]ountries should respect due process and human rights in their pro-

duction and use of energy” (Sovacool et al., 2016, p. 14).

Continuing with the eight decision-making principles of SOVACOOL ET AL. (2016), trans-
parency and accountability stresses that “[a]ll people should have access to high quality
information about energy and the environment and fair, transparent, and accountable
forms of energy decision-making” (p. 14). Sustainability emphasizes that “[e]nergy re-
sources should not be depleted too quickly” (p. 14). Intragenerational equity requires that
“[a]ll people have a right to fairly access energy services”, whereas intergenerational eq-

uity demands that “[fJuture generations have a right to enjoy a good life undisturbed by
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the damage our energy systems inflict on the world today” (p. 14-15). Lastly, responsi-
bility entails that “[a]ll nations have a responsibility to protect the natural environment

and reduce energy-related environmental threats” (p. 15).

Considering the previously outlined principles, it becomes evident that, contrary to the
types of energy justice, the energy justice framework provides a more practice-oriented
approach to identify and address injustices. As such, the framework not only facilitates
the operationalization of the eight underlying principles, but it also enables an expansion
through further principles if needed, as well as the omission of principles unsuitable for
the research background. Given its practice-oriented character, the energy justice frame-
work also yields the potential to convey injustices in a straightforward and structured
manner. While it was initially considered to use the philosophical notion behind the tri-
umvirate of tenets (Jenkins et al., 2016) consisting of distributional, recognition, and pro-
cedural justice as the theoretical framework, the energy justice decision-making frame-

work appeared to be the more suitable choice due to these reasons.

In the context of this research, the energy justice framework served three purposes. First,
it ensured that the topic of demand-side flexibility was approached from an energy justice
perspective. Secondly, the framework provided structure for both the data collection, par-
ticularly the successively outlined interviews, as well as for the data analysis. Lastly, the
energy justice framework functioned as a skeleton according to which the research ques-
tions were answered, particularly the third sub-research question whose results directly

mirror the structure of the energy justice framework.

To achieve these purposes, the eight decision-making principles were operationalized ac-
cording to the research background. The first principle, availability, was adjusted by stat-
ing that households deserve sufficient energy resources of high quality and the possibility
to use technologies for demand-side flexibility in their homes. In the context of this re-
search, affordability entails that the provision of energy services and technologies for
demand-side flexibility should not become a financial burden for households and the fi-
nancial rewards resulting from demand-side flexibility should be fair. Due process de-
mands that all stakeholders and decision-makers should respect due process and human
rights in their production and use of energy, including the production and use of technol-

ogies for demand-side flexibility.

The third principle, transparency and accountability, was slightly refined by stating that
households should have access to high quality information about their energy consump-
tion and the environment and fair, transparent, and accountable forms of energy decision-

making. Sustainability highlights that energy resources should be used sparingly, and en-
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ergy should be generated from renewable energy sources. Intragenerational equity de-
mands that all households, irrespective of gender, wealth, ethnicity, and living situation
have a right to fairly access energy services and technologies for demand-side flexibility.
The principle of intergenerational equity was expanded by stating that future generations
have a right to enjoy a good life undisturbed by the damage our energy systems inflict on
the world today and that they have a right to fairly access energy services and technolo-
gies for demand-side flexibility. Lastly, responsibility requests that all stakeholders and
decision-makers have a responsibility to protect the natural environment and reduce en-
ergy-related threats while ensuring that households are granted a level of agency about

their use of energy services and technologies for demand-side flexibility.

Table 3.1 provides an overview of the eight principles previously outlined in conjunction
with the original definition by SOVACOOL ET AL. (2016) as well as the slightly adjusted

principles operationalized for this research.

Table 3.1: Overview of the Operationalized Energy Justice Decision-Making Frame-

work based on SOVACOOL ET AL. (2016)

services should not be-
come a financial burden
for consumers, espe-
cially the poor

Principle Definition from SOVA- | Definition Operationalized for the Pur-
COOL ET AL. (2016) pose of this Research
Availability People deserve suffi- Households deserve sufficient energy re-
cient energy resources | sources of high quality and the possibility
of high quality to use technologies for demand-side flexi-
bility in their homes
Affordability | The provision of energy | The provision of energy services and

technologies for demand-side flexibility
should not become a financial burden for
households and the financial rewards re-
sulting from demand-side flexibility
should be fair

Countries should re-
spect due process and
human rights in their
production and use of
energy

Due Process

All stakeholders and decision-makers
should respect due process and human
rights in their production and use of en-
ergy, including the production and use of
technologies for demand-side flexibility
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and accounta-
bility

access to high quality
information about en-
ergy and the environ-
ment and fair, transpar-
ent, and accountable
forms of energy deci-
sion-making

Principle Definition from SOVA- | Definition Operationalized for the Pur-
COOL ET AL. (2016) pose of this Research
Transparency | All people should have | Households should have access to high

quality information about their energy
consumption and the environment and
fair, transparent, and accountable forms
of energy decision-making

Sustainability

Energy resources

Energy resources should be used spar-

tional equity

to fairly access energy
services

should not be depleted | ingly, and energy should be generated
too quickly from renewable energy sources
Intragenera- | All people have aright | All households, irrespective of gender,

wealth, ethnicity, and living situation
have a right to fairly access energy ser-
vices and technologies for demand-side
flexibility

Intergenera-
tional equity

Future generations have
a right to enjoy a good
life undisturbed by the
damage our energy sys-
tems inflict on the
world today

Future generations have a right to enjoy a
good life undisturbed by the damage our
energy systems inflict on the world today
and a right to fairly access energy ser-
vices and technologies for demand-side
flexibility

Responsibility

All nations have a re-
sponsibility to protect
the natural environment
and reduce energy-re-
lated environmental
threats

All stakeholders and decision-makers
have a responsibility to protect the natural
environment and reduce energy-related
threats while ensuring that households are
granted a level of agency about their use
of energy services and technologies for
demand-side flexibility

The operationalized energy justice decision-making framework enabled the data collec-

tion and analysis which is presented subsequently.
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4 Methodology

The following chapter outlines the methodology on which the research was built, that is,
an inductive/deductive, mixed-method single case study of Germany based on expert in-
terviews as well as an online survey. A case study has been chosen since it allows the
investigation of a contemporary phenomenon, namely the intersection of energy justice
and demand-side flexibility, within a real-life context (Yin, 1992), thus enabling practical
insights into an emerging research field. Moreover, YIN (1992) outlines that case studies
permit the incorporation of both qualitative as well as quantitative data which fits to the
formerly outlined methods chosen for data collection. Lastly, the author acknowledges
that case studies, if based on theoretical considerations, can serve as a foundation to derive
generalizations. Correspondingly, addressing the research questions through a case study
of Germany yields insights which, to an extent, may be transferred into other contexts.
Further insights into the country’s energy transition relevant in the nexus of this research

are accessible under Chapter 5.

The data through which the German case was studied originated from two sources,
namely expert interviews as well as a complementary close-ended online survey. Hence,
the research applies a mixed-method approach as it combines both a qualitative as well
as a quantitative method of data collection (Creswell, 1999). Despite ambiguities in terms
of the actual combination of these methods in the literature (Baskarada & Koronios,
2018), mixed-methods studies yield the potential to engage “in research that represents
the best of both worldviews” (Guba & Lincoln, 2005, p. 201). Undeterred by their epis-
temological differences, the combination of qualitative and quantitative methods is par-
ticularly suitable for practice-oriented research as is the case in this paper (Brannen,
2005). Furthermore, a mixed-methods methodology was chosen as it enables to corrobo-
rate as well as elaborate the findings from the expert interviews through those from the

survey (Creswell, 1999).

The use of both qualitative and quantitative data enables an analysis which is character-
ized by both inductive as well as deductive elements, an approach coined by PROUDFOOT
(2023) as an inductive/deductive hybrid analysis. As elaborated successively, the the-
matic analysis, primarily driven by the qualitative data, builds on previously existing
themes which were derived from the theoretical framework. This represents the deduc-
tive, top-down approach to the data analysis. Additionally, the research includes induc-
tive, bottom-up elements through the generation of additional themes within the data.
These elements, in the case of this research presented as injustices, were derived from the

qualitative as well as the quantitative data and synthesized in an iterative manner to de-
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velop the finalized set of themes. Thereby, the hybrid inductive/deductive analysis ena-
bled the evaluation and reconceptualization of the theoretical framework against the re-
search background (Proudfoot, 2023).

Apart from the software solutions further delineated in the ensuing subsections of this
chapter, two additional tools based on Artificial Intelligence were used throughout the
research, the first of which is QuillBot. The website was used to rephrase existing sen-
tences to enhance readability. Furthermore, the natural language processing software
ChatGPT based on the GPT-4 architecture was employed to gather an initial overview of
qualitative data and structure text segments. Hence, these websites were exclusively used

to assist the writing process.

Under these considerations, the following subchapters outline the methodology applied
in this paper. The qualitative part of the research is introduced first, according to the
chronological order in which the methods were employed. After outlining the approach
towards the preparation and execution of the online survey, the chapter concludes with

an overview of the limitations associated with the chosen methodology.

4.1 Expert Interviews

Prior to the online survey, semi-structured expert interviews were conducted. In the con-
text of this research, this method served two functions. First, the expert interviews were
used to gather fundamental insights into each of the research questions. In particular, the
method was applied to gather data about the contribution of households at risk of energy
poverty to demand-side flexibility in accordance with the first sub-research question. As
further elaborated in the ensuing subchapter, the survey was originally intended as the
main source of data to tackle this research question. Due to the lack of survey responses
from members of households at risk of energy poverty, the research design was adjusted

accordingly, primarily using the expert interviews to address this question instead.

Moreover, the qualitative method was directly targeted at the identification of injustices
associated with the inability of households at risk of energy poverty to access technolo-
gies for demand-side flexibility, thereby addressing the main research question. Even
though the interviews touched upon the second sub-research question as well, the survey
that was carried out after the expert interviews was intended as the primary source of

information thereof.

This alludes to the second purpose of the expert interviews. The information which was
collected through them was directly incorporated into the survey design. In this way, the

qualitative part of the methodology, the interview, was used in an exploratory way, to
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derive fundamental information about the topic, an approach suitable for the rather un-
derexplored research background (Lawrence Neuman, 2014). The data from the inter-
views was then used to design the questions for the quantitative part of the research, the
survey. In mixed-methods research, this approach is called instrument-building model
(Creswell, 1999) and is used to adequately incorporate the appropriate information in the

survey.

4.1.1 Selection of Interviewees

As previously alluded to, the interviews were conducted with people who are considered
experts in the scope of this research. According to KAISER (2014), an expert possesses
knowledge of a particular subject and is identified by the virtue of its specific knowledge,
its position in a community, or its status. By applying this definition, a person was con-
sidered an expert if they possessed at least one of the following qualifications which en-
abled them to share insights into the research topic from either a social or a technical

perspective, oftentimes even both.

The first of these qualifications encompassed the expert’s profound knowledge about
technologies for demand-side flexibility, obtained either through a background in re-
search or the industry. Similarly, a person that possessed in-depth knowledge at the inter-
section of energy justice and digital technologies was considered an expert. Since, as
mentioned previously, the German discourse around this topic is rather nascent both in
academia as well as in policymaking, experts were also explicitly considered from outside
of Germany. Due to the Anglo-Saxon origins of the scholarly concept of energy poverty,

this particularly applied to researchers from the United Kingdom.

With a particular focus on the German case, the last qualification involved thorough
knowledge about the life circumstances, including the energy consumption patterns, of
those in the nexus of this research, that is, households at risk of energy poverty. Here,
representatives from German consumer advice centers (Verbraucherzentralen) were con-
sidered as particularly suitable since their services also include energy consultations all
around Germany which are free of charge (Verbraucherzentrale Energieberatung, 2024).
It was assumed that households at risk of energy poverty regularly take advantage of the
free consultations through which the experts have obtained substantial insights into their
demographics as well as their energy consumption patterns which is relevant for both the
abovementioned research questions as well as the survey design. Based on those qualifi-
cations, experts were identified. This process involved a thorough internet search accord-
ing to the three previously outlined qualifications as well as a referral system based on
already existing contacts. The initial contact was established via email where the research

background was outlined, and experts were encouraged to participate in the interviews.
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4.1.2  Interview Preparation

Under consideration of the two purposes of the interviews, their format as well as an
interview guideline was determined. To warrant that the interviews loosely followed the
same structure while also ensuring that each interviewee was able to incorporate their
specific professional focus, a semi-structured approach was chosen. The open-ended
questions of semi-structured interviews granted the flexibility to touch upon subjects
which arose spontaneously during the conversation (Harvey-Jordan & Long, 2001). Sim-
ultaneously, an interview duration of one hour was determined to grant sufficient time to

ask the intended questions.

Furthermore, an interview guideline after the framework for semi-structured interviews
recommended by KALLIO ET AL. (2016) was created whose questions were formulated
according to the research questions the method was intended to answer. The previous
academic literature on which this research builds outlined in Chapter 2 as well as the
theoretical framework and the case-specific insights further delineated in Chapter 5 were
considered in the creation of the interview guideline. Given the exploratory character of
the interviews, the guideline was regularly refined during the interview process, yet no

significant adjustments were needed.

Accordingly, the interview guideline consisted of an introductory as well as a concluding
part which remained similar throughout the interviews, and four main segments. After the
introduction, questions dedicated to the contribution of households at risk of energy pov-
erty to demand-side flexibility constituted the first main segment. This was followed by
a section dedicated to the second sub-research question and thus the identification of spill-
over effects. The last two segments were targeted at the identification of injustices asso-
ciated with the current access of households at risk of energy poverty to technologies for
demand-side flexibility as well as solutions to address these injustices. After concluding

each of these four segments, the interviews were finalized.

Depending on the respective participant and their professional background, the guideline
was slightly adjusted, and questions were either added or omitted, while the fundamental
structure remained the same. In line with KALLIO ET AL.'S (2016) framework, a pilot test
of the interview guide was conducted to assess the questions’ comprehensibility and the
overall duration. This test was executed both in an internal evaluation as well as through
a field-testing with a potential study participant. The finalized interview guideline is ac-
cessible under Appendix A. Upon request, the guideline was shared with the participants
prior to the interview. Once the invited experts agreed to participate in the research, the

interviews were scheduled according to their availability.
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4.1.3 Conduct of the Interviews

Each of the interviews was conducted digitally through a video conference meeting in
Microsoft Teams. Following the interview guideline, they started with a brief introduction
where the interviewer provided insights into the research background and obtained the
expert’s consent to record and transcribe the material for scientific purposes. The experts
were then asked to briefly introduce themselves. Successively, the interviews touched
upon questions about demand-side flexibility in the context of households at risk of en-
ergy poverty and their access to technologies for demand-side flexibility to derive insights
about the first sub-research question. Furthermore, the participants were invited to give
an assessment about potential spillover effects associated with households’ access to tech-

nologies for demand-side flexibility on their energy consumption behavior.

Whenever fundamental injustices associated with the access of households at risk of en-
ergy poverty to technologies for demand-side flexibility arose during the interview, the
experts were requested to elaborate further. Thereby, the main research question was di-
rectly addressed. Furthermore, the interviews were targeted at the identification of poten-
tial solutions to address the identified injustices, predominantly through suitable schemes
initiated by the government. Depending on the interviewee’s professional background as
well as the natural flow of the conversation, varied emphasis was placed on each of the

four main segments of the interview guideline.

Before concluding the interviews, the participants were granted sufficient time to com-
ment anything they wanted to add to the discussion or ask further questions. This proved
to be beneficial as many experts used this proposal to elaborate on a topic they were
particularly interested in or to recommended further avenues of research. Afterwards, the
interviewees were also invited to recommend further experts who could be interviewed

as well, thereby applying a snowball sampling (Noy, 2008).

This way, a total of 12 interviews were conducted between the 29" of February and the
9th of April 2024. Out of them, eight were held in German and four in English. As planned,
the interviews mostly remained within the predetermined time frame, except for the third
and sixth interview which were intended to finish shorter due to the experts’ availability.
Table 4.1 provides an anonymized overview of the interviews, including the experts’ pro-
fessional background and the spoken language, the dates on which they were conducted,
as well as the duration of the interview in minutes. As evident through this outline, each
of the previously listed qualifications the experts were envisioned to possess were met.
This ensured a balance between perspectives from theory and practice as well as aca-
demia, public and private sector, enabling a thorough and holistic understanding of the

research topic and the triangulation of the obtained findings.
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ID

Professional Background

Date

Duration
(minutes)

Language

101

Researcher from a German organization
for applied research specializing on tech-
nologies for demand-side flexibility from
a systems perspective

29/02/2024

57

German

102

Employee from a German energy service
provider focused on regionalization and
time series with relevant publications
around demand-side flexibility on a
household level

01/03/2024

61

German

103

Senior research fellow from a British uni-
versity studying the social aspects of de-
mand-side flexibility from a household
perspective

05/03/2024

40

English

104

Researcher from a British not-for profit
research and policy advice organization
working at the nexus of the energy tran-
sition, demand-side policies, and energy
poverty

06/03/2024

60

English

105

Researcher at a German research center
managing and researching on cross-disci-
plinary projects around flexibility in the
energy system

06/03/2024

61

German

106

German manager in an international tech-
nology company responsible for corpo-
rate research in the field of sustainable
energy and infrastructure; professor of
multi-modal energy systems

08/03/2024

32

German

107

Senior lecturer at a British university at
the intersection of energy justice, ethical
consumption, and innovation

08/03/2024

60

English

108

Co-director of a German energy research
institution with a background in munici-
pal energy efficiency, climate policies,
and education for sustainable develop-
ment and energy poverty

14/03/2024

58

German

109

Coordinator of a consumer advice cen-
ter’s energy project on a German state
level

14/03/2024

61

German

110

British emeritus professor with a back-
ground in environmental justice, energy
justice, demand-side flexibility, and en-
ergy poverty

20/03/2024

64

English
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ID | Professional Background Date Duration | Language
(minutes)
111 | Coordinator of a consumer advice cen- | 09/04/2024 | 62 German

ter’s energy consulting project for house-
holds at risk of energy poverty on a Ger-
man state level

112 | Regional instructor and trainer of a Ger- | 09/04/2024 | 61 German
man Catholic welfare association’s en-
ergy consulting project for households at
risk of energy poverty called “Stromspar-

Check”

4.1.4  Thematic Analysis of Interviews

After the interviews were conducted, the recordings were transcribed. The automatic tran-
script feature of Microsoft Teams served as the first step towards the finalized transcrip-
tions. The transcripts were downloaded and imported into MAXQDA, a software for
qualitative data analysis. This tool was chosen as it provided a means to transcribe, code,
and analyze the collected data. Since the automatic transcripts generated through Mi-
crosoft Teams exhibited copious errors, they were manually corrected while listening to
the recordings a second time while simultaneously adding timestamps. This process fa-
cilitated the revisiting of interview segments during the coding process. The interviews
were transcribed following a denaturalized approach as the meanings and interpretations
of the spoken words rather than the underlying vocalization was of significance for the
analysis (Oliver et al., 2005).

Interviews which were held in German were translated into English using the functional-
ities of the software tool DeepL. It is emphasized that these translations were not utilized
to conduct the thematic analysis; for that, the original data sets were used to ensure that
the experts’ statements were interpreted correctly, and nothing was lost in translation.
Instead, the translations were enclosed to grant those not fluent in German insights into
the interviews, thereby ensuring accessibility. The transcriptions of the interviews are
available in the Appendix. Marked as translations, the German transcripts are accessible
under Appendix C. The English transcripts, in their original form, are presented under

Appendix D.

Based on the transcripts, a thematic analysis was conducted. It was chosen as a research
tool due to its flexibility and its potential to “provide a rich and detailed, yet complex,
account of data” (Braun & Clarke, 2006, p. 78). Furthermore, BRAUN & CLARKE (2006),
whose approach towards thematic analysis was applied in this research, claim that it is a

suitable method to summarize features from a large data set and to generate analyses to
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inform policies. Thematic analysis is equally deployed to identify, analyze, and write

about patterns, so-called themes, derived from the data.

Following the phases for thematic analysis as presented by BRAUN & CLARKE (2006), an
initial set of codes was generated after the transcription of the interviews. A latent — in-
terpretative — analysis was chosen as it was assumed that the experts conveyed their in-
formation in a straightforward manner, rendering the latent analysis of the interviewees’
underlying opinions obsolete. Furthermore, a theoretical thematic analysis was chosen as
the coding was dedicated to acquiring insights into particular research questions, thereby
building on the previously outlined theoretical framework. Hence, the initial coding was
conducted in line with the three research questions as well as along the energy justice

framework to provide an initial “coding skeleton” in a deductive manner.

After finishing this step, the identified codes were clustered into potentially suitable
themes. Initial ideas for the connections among codes and themes were derived. In the
following phase, these ideas were reviewed; the consistency among the codes and themes
as well as the validity of the coded data in relation to the entire data set was evaluated.
This process resulted in the obliteration of two codes which were deemed as unfit for the
analysis and ensured the inclusion of data which has previously been overlooked. The re-
evaluation of the data set stopped as soon as it became evident that no major refinements

were required anymore.

In the next phase, the themes and sub-themes were each given a suitable definition and
name with regard to the research questions. The finalized guideline for thematic analysis,
thus, consisted of the five themes named Flexibility Measures, Spillover Effects, Justice
Framework, Technologies, and Schemes. The former two themes consisted of two sub-
themes, both of which were identified deductively based on the existing literature,
whereas the Justice Framework was further refined into ten sub-themes, seven were de-
ductively taken from the existing energy justice framework, three resulted inductively
from the data. The Technology as well as the Schemes theme comprised of six sub-themes
each, identified in an inductive manner. The complete guideline for thematic analysis
including the definitions as well as examples from the data set is accessible under Appen-
dix B. This way, a thematic analysis was performed for the entire data set in an induc-
tive/deductive hybrid approach which was further refined throughout the quantitative part
of the research. Similar to the transcription process, the thematic analysis was executed
with MAXQDA. This process provided the foundation for the finalized results of this

paper.
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Furthermore, the coding reliability was validated through the calculation of the inter-rater
reliability score. Therefore, a sample of the interview data was presented to a second in-
dependent coder (Clarke & Braun, 2017). This method has been applied to ensure quali-
tative rigor and thus establish consistency of the research method (E. Thomas & Magilvy,
2011). Furthermore, as KOLBE & BURNETT (1991) acknowledge, intercoder reliability
serves as “the standard measure of research quality” (p. 248), whereas the disagreement
among researchers alludes to an inadequate operationalization of definitions and catego-
ries. Following the recommendations from the scientific literature, only a sample of the
interviews was valuated through inter-rater reliability due to the large amount of data
collected (Campbell et al., 2013; Hallgren, 2012). The sample comprised of twenty-mi-
nute segments from three randomly chosen interviews. After granting the coder sufficient
time to get acquainted to the finalized coding guideline, he coded the sample, as well.
Using the Intercoder Agreement feature of MAXQDA, the resulting code sets were com-

pared.

The type of intercoder agreement was set to an overlapping rate of at least 75 % at the
segment level to grant sufficient room for interpretation and variances among the coding
approaches of the two researchers. Based on this, the inter-rater reliability score was in-
terpreted using Cohen’s Kappa (k) where a k between 61 and 80 % indicates a substantial
and a k above 81 % indicates an almost perfect agreement (Landis & Koch, 1977). The
intercoder agreement bore a result of 80.52 %. It was thus concluded that the research
method exhibited sufficient scientific rigor. In other words, the intercoder-reliability score
indicates a high level of consistency among the coders and thus a high, almost perfect

level of reliability.

4.2 Online Survey

Complementary to the expert interviews, a close-ended online survey was conducted. In-
itially, the online survey was intended to serve two purposes, the first of which was to
gain insights into the contribution of households at risk of energy poverty to demand-side
flexibility. As delineated subsequently, this goal was not sufficiently achieved since re-
sponses from members of households at risk of energy poverty remained scarce. Further-
more, the survey was intended to identify spillover effects associated with the access of
households to technologies for demand-side flexibility on their energy consumption. In
other words, the survey was dedicated as the main source of data for the first two sub-
research questions. Correspondingly, the survey addressed two different target groups,
namely households at risk of energy poverty, and households who had already adopted at

least one technology for demand-side flexibility.



33

Against this background, there are several reasons for the choice of an online survey.
First, it became evident through the interviewed experts that reaching members of house-
holds at risk of energy poverty would be challenging, particularly for a time-consuming
interview. Hence, an approach which facilitated its spread over electronic and physical
means while simultaneously decreasing the time expenditure for participants was re-
quired. Moreover, an anonymous survey was determined to be an appropriate choice be-
cause energy poverty and poverty in general may be linked to certain bias. Lastly, the two
target groups necessitated a survey design which allowed a slightly different set of ques-
tions. Since online surveys enable a quick turnaround time and the reach of a large number
of respondents, ensure confidentiality, and yield the option to include customized items
(Jamsen & Corley, 2007), the method was chosen.

4.2.1  Survey Design

The conduct of the expert interviews and the initial gathering of insights into recurring
themes marked the beginning of the survey design. This way, it was ensured that no in-
formation from the experts which could be used to further specify the survey questions
were overlooked. This also enabled a close-ended, quantitative survey design since the
answer categories were already identified through the expert interviews. The insights ob-
tained from them enabled the use of such a standardized method suitable to address par-
ticipants’ attitudes and behavior (Bowling & Ebrahim, 2005), as is the case in this re-

search.

Before specifying the survey questionnaire, a few fundamental decisions about its design
were taken. Throughout the survey, participants were granted the possibility to elaborate
through a “Further, please specify” option, thus decreasing potential response bias (Reja
et al., 2003). Each question was non-compulsory and included a “Not specified” option.
The answer options to questions which potentially suggested a socially preferred reply,
for instance the gradation from social housing to home ownership, were randomized. Fur-
thermore, no personalized data was collected through the survey as it was not deemed
necessary for the research. Given the research background with the case study on the

Energiewende, the survey was only available in German.

Under consideration of these fundamental decisions, the survey was implemented. There-
fore, the software solution by Tivian was chosen due to its user-friendly interface and its
conformity with German data privacy standards. The first page of the survey briefly in-
formed the participants about its scope, content, and contact data of the researcher. It
notified them about the anonymous treatment of their data and provided a consent form
as well as a data protection notice. After giving their consent, respondents were asked to

grant demographic information relevant in the scope of this research such as the number
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of household members and minors, and their current housing situation, for instance
whether they live in a rented or owned home, thereby ensuring a logical and straightfor-
ward entry point into the survey. This was succeeded by a question about the household’s
possession of one or more of the following energy technologies. Here, the technologies
for demand-side flexibility identified by the interviewed experts were outlined, namely
solar panel on the roof, balcony solar module, smart meter with communication unit,
smart plug, smart thermostat for remote-controlled adjustment of the heating, controllable
lamps and lights, heat pump, app or dashboard for automatic adjustment of the energy
consumption, battery storage, and wall charging station for charging electric cars. The
ensuing question also targeted an additional digital technology for demand-side flexibil-
ity, namely apps or websites which grant information about the current situation of the
energy system. Here, participants were asked to indicate the frequency of their use of such
on a matrix scale from 1 to 5, where the former indicating that respondents never used

such technologies, whereas the latter implied the daily use.

If participants stated that they used at least one such technology and/or use the previously
mentioned apps or websites not never, they were asked to answer three additional ques-
tion blocks. The first thereof consisted of eleven statements. On a matrix scale ranging
from 1 to 5, the participants were asked to indicate the degree to which they agreed with
them. These statements directly reflected on the second sub-research question aimed at
identifying spillover effects on their energy consumption associated with the adoption of
technologies for demand-side flexibility. Furthermore, they mirrored the statements of
the experts regarding the spillover effects mentioned throughout the interviews. Corre-
spondingly, the statements homogeneously opened with the line “Since I am using the
previously chosen technology/technologies in my household...”. Afterwards, participants
were asked to indicate the extent to which these technologies changed their energy con-
sumption, their level of agency about it, their willingness to introduce further technologies
into their household, and their opinion towards a technology automating their energy con-

sumption.

The second and third block directly dedicated to participants already owning technologies
for demand-side flexibility subsequently inquired who is responsible for the acquisition
of said technologies and who, on the other hand, uses them. Back on the path for both
target groups, a multiple selection question invited participants to choose what activities
they actively undertake to save energy or to relieve the load on the grid. Here, socially-
derived flexibility measures which were stated by the experts were presented. This ques-
tion was hence dedicated to identifying the contribution of households at risk of energy
poverty to demand-side flexibility while enabling a comparison to more affluent house-

holds. Subsequently, participants were asked to state the degree to which they agreed with
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eight statements on a matrix scale. Six of them were dedicated to assessing their overall
energy consumption behavior. The remaining two served as a measure to gain insights
into the degree to which participants were at risk of energy poverty. Therefore, they were
asked to assess the financial difficulties of paying their energy bills as well as of sustain-

ing themselves on their current income.

The survey concluded with more specific demographic questions such as participants’
age group, their gender, their current occupation, and the German state they are from.
Lastly, a question was designed to inquire about households’ monthly net income. Par-
ticipants were granted a precise definition which streams of income are included under
this term. Subsequently, they were able to choose between gradually increasing income
clusters. These reflected on the German unemployment benefit for a single person, and
from that gradually increased in divisions of 1,400 €. This rather uncommon approach
was chosen since, according to the most recent German statistics from 2023, a single
person lives at risk of poverty if their net income lies below 15,715 € annually (Statis-
tisches Bundesamt, 2024). This accounts for an income of around 1,312 € per month.
Divided by the respective number of household members, this question was designed to
reflect a central metric of energy poverty, that is, income. The threshold was rounded up
from the previously calculated monthly income to ensure uniformity; furthermore, any
results obtained from this question served as one, rather than the only, determinant con-
tributing to energy poverty. The final page of the survey stated that the respondent’s par-
ticipation was successful and thanked the contributors. A translated version of the online

survey is accessible under Appendix E.

4.2.2  Dissemination and Analysis of the Survey

After finalizing the survey design and ensuring that the paths and answer options followed
the previously presented logic, the dissemination phase started. The survey was activated
on 111 of April 2024 and ran for a period of approximately four weeks, until the 15" of
May. To distribute the survey among a broad sample while ensuring that the two target
groups were addressed, several approaches were chosen. Attempting to reach participants
from households at risk of energy poverty, German social welfare and employment of-
fices were first contacted over the telephone to inquire whether a QR code with a brief
invitation and a link to the survey could be displayed in waiting rooms or on notice boards.
After obtaining their consent as well as the e-mail addresses of several such offices, a
document with said QR code was sent out directly to them. German non-profit associa-
tions who are potentially also in contact with people at risk of energy poverty were con-

tacted in a similar manner.
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Furthermore, an invitation with a link to the survey was posted in Facebook groups where
members shared their budgeting recommendations and experiences. Apart from Face-
book, households at risk of energy poverty were targeted through the social media plat-
form Instagram. Here, German accounts with a focus on cost saving and budgeting were
directly contacted, inquiring whether they were interested to share an invitation to the
survey in their temporary story. Likewise, accounts led by non-profit associations and
groups advocating for topics around social justice and inclusion were contacted. Partici-
pants from households who already possessed technologies for demand-side flexibility,
on the other hand, were predominantly contacted through Facebook. Therefore, a brief
explanation of the survey’s scope and purpose followed by the corresponding link was
posted into several groups whose topics suggested that the target group was represented.
Such groups included ones dedicated to smart home automation, photovoltaics, heat stor-

age, and heat pumps.

This strategy permitted the collection of 133 full survey responses and an overall com-
pletion rate of 22.58 %. With the end of the dissemination period, the survey was closed.
The collected data was downloaded from Tivian. After cleaning the data in Microsoft
Excel, it became evident that, despite the researcher’s best efforts and the deployment of
various channels to reach members from households at risk of energy poverty, rarely an-
yone from this target group participated in the survey. It was, however, possible to obtain
a plethora of responses from the second target group. This led to the decision to treat the
survey as the main source of data for the second sub-research question, supported by the
information from the expert interviews. However, given the lack of insights about the
contribution of households at risk of energy poverty to demand-side flexibility from the
survey, the first sub-research question was predominantly answered through the expert

interviews.

Against this background, the data was statistically analyzed with the software tools Mi-
crosoft Excel and IBM SPSS Statistics under consideration of the second sub-research
question which was intended to be predominantly addressed through the survey. The an-
alyzed data was used to triangulate the findings from the interviews. Furthermore, fol-
lowing the inductive/deductive hybrid approach, the survey analysis yielded an additional
injustice which was derived in an inductive manner and incorporated into the research

findings.

4.3 Limitations of the Methodology

The chosen methodology is associated with central limitations. Given the research back-

ground, a significant shortcoming of the methodology was that members from households
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at risk of energy poverty were not interviewed themselves. In accordance with the defi-
nition by KAISER (2014), interviewees from households at risk of energy poverty were
considered experts, possessing in-depth knowledge about the studied subject due to their
position in a community. Thus, direct insights from households at risk of energy poverty
would have considerably contributed to the results. Although it was intended to mitigate
this limitation in the quantitative stage of the research, this target group could not be

adequately reached through the survey either.

A further limitation of interviews is associated with their reliability, the extent to which
a research instrument yields the same results on repeated trials (Alshengeeti, 2014). The
previously introduced inter-rater reliability score of 80.52 % served as an instrument to
determine that a repeated trial through a second independent coder granted a substantial
agreement. However, qualitative data analysis still remains, to a certain extent, interpre-
tative (Clarke & Braun, 2013) which critically questions the extent to which the results
of the inter-reliability score should be emphasized. Nonetheless, the practice of inter-rat-
ing served as an opportunity to critically approach and discuss the interviews’ content and

scope at an early stage which significantly benefitted the quality and depth of the analysis.

An additional noteworthy aspect is the researcher’s German nationality. Studying the
topic based on one’s own country context ensured a profound understanding of the case
from a historical, cultural, as well as administrative perspective. Furthermore, the re-
searcher’s proficiency in German facilitated the contacting and interviewing of experts.
This potentially enhanced the research’s internal validity, that is, the extent to which the
findings make sense (Miles & Huberman, 1994). Nonetheless, the risk of unconscious
bias reflected in the results due to the researcher’s nationality should be considered. How-
ever, the conduct of interviews from different professional backgrounds as well as the
mixed-methods approach enabled the triangulation of results which, according to authors

such as GLINER (1994), significantly contribute to internal validity.

This paves the way for the acknowledgement of another limitation regarding the survey
design, namely its mere availability in German. While the focus on the case of the Ener-
giewende justifies this choice, it is undeniable that not everybody living in Germany who
potentially possesses technologies for demand-side flexibility and/or lives at risk of en-
ergy poverty is proficient in the language. Hence, the option to choose between languages
might have resulted in additional survey participants. This aspect is directly related to the
last limitation acknowledged here. Due to the relatively small number of participants, the
survey is not statistically significant but instead rather mirrored tendencies observed in

the data set. It is against these limitations that the results in Chapter 6 were interpreted.
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5 The German Energiewende

The following chapter grants further insights into the German energy transition. This
practice-oriented and case-specific expansion of the literature review serves two pur-
poses. The underlying research enabled the identification of central characteristics of the
German case. This ensured that the applied methodology and the results closely mirrored
the practical as well as scholarly developments around the Energiewende. Moreover, the
chapter functions as a prelude to the results, providing additional information through
which the subsequently presented research findings are contextualized. Therefore, the
chapter first introduces central sociopolitical aspects of the German Energiewende which
characterize it as a noteworthy case on which to assess the intersection of energy justice,
energy poverty, and demand-side flexibility. The chapter then proceeds with an outline
of the legal and administrative framework of the Energiewende before addressing the

topic of energy poverty from a German perspective.

5.1 The Sociopolitical Background of the German Energiewende

Approaching the topic of energy justice from the perspective of households at risk of
energy poverty is particularly relevant in the German case due to three intertwined soci-
opolitical aspects characteristic for the country’s energy transition. The first of them is
closely related to the overall energy transition publicly referred to as Energiewende. With
the aim of establishing a more sustainable and low-carbon energy system, the Ener-
giewende is an ambitious project with manifold social, societal, and economic implica-
tions. Officially launched as a pioneering initiative by the federal government in 2000
with the Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz, EEG), the En-
ergiewende included the shutdown of existing nuclear and coal power plants, the expan-
sion of renewable energy sources with an emphasis on wind farms, photovoltaic, and gas
power plants as well as the corresponding energy grid development (Radtke & Kersting,
2018).

Since then, the gradually increasing share of renewables, amounting to nearly 52 % of the
country’s electricity consumption in the year 2023, emphasizes the country’s progress
towards achieving their climate goals (Presse- und Informationsamt der Bundesregierung,
2024b). Therefore, it is considered that Germany has one of the most enabling environ-
ments for the energy transition which illustrates the Energiewende’s success on the fed-
eral level (World Economic Forum, 2023). Yet, the second aspect of the country’s energy
transition stands in contrast with the previously outlined regulatory and political accom-

plishments. On a citizen level, skepticism and resistance against local energy initiatives
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do persist, underscoring the divergence between the social acceptance of the Ener-
giewende on a global and local level (Bosch & Schmidt, 2020; Hofer et al., 2016; Mai,
2018). As DUTSCHKE ET AL. (2019) emphasize, the success of the German energy transi-
tion is not only dependent on technological progress, but also on favorable social, politi-
cal, and economic conditions. These are, in turn, closely related to the social acceptance

which thus represents a central cornerstone of the Energiewende.

This leads to the third noteworthy aspect of the German energy transition, the energy
prices for consumers. In a European comparison, the country demonstrates the highest
electricity prices for households, particularly for smaller energy consumers (Eurostat,
2024). Over the last twenty years, a gradual increase of electricity prices for households
was recorded (Verivox, 2023). Considering that there is a dichotomy in terms of the suc-
cessful progress of the Energiewende on a federal level and the social acceptance on a
citizen level which is, however, imperative for the expansion of renewable energy
sources, it becomes evident that these aspects are highly intertwined. Even more so, the
comparatively high energy prices for consumers potentially affect the social acceptance
and reflect on the federal Energiewende strategies, particularly for less affluent house-
holds. These three intertwined sociopolitical aspects lay the foundation to adequately sit-
uate the topic of energy justice and energy poverty in the German context. For further
context, the central legal and administrative decisions that shaped the Energiewende

while establishing a connection to the research topic are outlined.

5.2 Legal and Administrative Framework of the German Energiewende

At the core of the Energiewende lies Germany’s commitment to switch over to a non-
nuclear, renewable energy system. Therefore, the country issued its first federal law pro-
moting the use of renewable energy sources in the beginning of the 1990s. Yet, prior to
that, some states had already supported the expansion of renewables through their own
funding programs. Due to the country’s federal structure, the states are permitted to define
their own energy policy goals within the framework of federal energy laws and control
their implementation. Federal authorities and institutions, on the other hand, play a pre-
dominantly coordinating role, for instance in terms of grid access, monopoly control, and
research funding. The success of the energy transition, hence, not only depends on the
federal decisions but largely on the actions of individual states as well as the coordination
of regional authorities. This multi-layered governance structure in which both federal
government and states pursue their own energy policy goals potentially results in the
suboptimal distribution of energy infrastructure, possibly at the expense of supply secu-
rity (Wurster & Kohler, 2016). This, in turn, yields distributional as well as procedural

justice implications.
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In 2000, the previously mentioned Renewable Energy Sources Act was introduced to fur-
ther advance renewable energy in Germany. The Act legally bound grid operators to in-
corporate renewable electricity into the grid while simultaneously granting entities own-
ing renewable energy plants surcharges above the market price, so-called feed-in tariffs
(EEG-Umlage) (Bosch & Schmidt, 2020). Amidst the spread of renewable energy sources
in the 2010s, the feed-in tariffs led to energy price surges for consumers. Several authors
critically stated that the program put a financial burden predominantly on low-income
households, further intensified by the fact that only those owning renewable energy assets
profited from them (Diekmann et al., 2015; Lutz & Breitschopf, 2016). Feed-in tariffs,

thus, are also associated with issues around distributional justice.

2023 marked the year when the Renewable Energy Sources Act was amended in accord-
ance with the Paris Agreement and its 1.5-degree trajectory. The treaty of the Paris Agree-
ment was signed by 196 parties and entered into force in 2016. It presents a joint action
plan to limit global warming below 2 °C above pre-industrial levels and includes a refer-
ence to the 1.5 °C goal (Savaresi, 2016). Correspondingly, at the core of the amended
German Act lie the goals of limiting global warming below 1.5 °C, reducing the depend-
ency on fossil fuels, and generating at least 80 % of gross electricity from renewable
energy sources by 2030. The previously considered feed-in tariffs were discontinued

(Presse- und Informationsamt der Bundesregierung, 2023).

Together with the Renewable Energy Sources Act, the federal government initiated an
agreement with the nuclear companies for a systematic exit from nuclear energy in 2000.
Under a new government ten years later, a fundamental change was announced, present-
ing the highly controversial topic of nuclear energy as a significant cornerstone of the
Energiewende. Yet, in light of the 2011 nuclear accident of Fukushima, the definite
phase-out of nuclear energy was announced (Wurster & Kohler, 2016). Consistently, the
last nuclear plants were shut down in 2023 (Prager et al., 2023). The identification of
geological repositories for the associated waste, however, illustrates that the German dis-
course around nuclear energy is still ongoing and sparks further spatial as well as distri-

butional justice considerations.

Due to the substantial increase of energy costs throughout the years 2022 and 2023, the
German government provided financial support for the consumers. Publicly known as
“energy price brakes” (Energiepreisbremsen), consumers were able to obtain 80 % of
their annual consumption forecast at lower rates. Those who consumed less than the 80
% of the consumption forecast were granted the savings as an additional reward (Bundes-

netzagentur, 2024). While the program was designed to decrease energy prices, it was not
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directly dedicated to those at risk of energy poverty. The energy justice implications of

such schemes are discussed in Chapter 6.

Furthermore, several decisions around the Energiewende are equally pertinent in the
scope of energy justice as well as demand-side flexibility. In accordance with a directive
from the European Union, the German Bundestag passed the Act on the Digitalization of
the Energy Transition (Gesetz zum Neustart der Energiewende) in 2016. The Act stipu-
lated the rollout of smart meters for those whose annual energy consumption exceeds
6,000 kWh. Furthermore, upper price limits for the installation of smart meters as well as
data protection and security standards for the smart grid infrastructure were defined. Due
to financial as well as regulatory barriers, the Act progressed slowly; few smart meters
were installed throughout the following five years. In 2021, under a new government and
the competence of the Federal Ministry of Economics and Climate Protection, a new bill

was drafted to restart the digitalization of the energy transition (Gegner, 2023).

The resulting Act to Restart the Digitalization of the Energy Transition stipulates the cost
limit of a smart meter system for consumers at 20 € annually and the billing of already
existing smart meters per quarter of an hour. Furthermore, it obliges electricity suppliers
to introduce dynamic time-of-use tariffs based on the federal spot price of electricity from
2025 onwards (Gegner, 2023). Particularly the latter measure in the realm of the Act on
the Digitalization of the Energy Transition elicits questions around energy injustices
which are further discussed in the subsequent chapter, given that households are exposed

to higher price fluctuations to cover their energy needs.

The rollout of smart meters as defined in the Act to Restart the Digitalization of the En-
ergy Transition also plays a role in the context of demand-side flexibility. Smart meters
represent an enabling technology towards the incorporation of technologies for demand-
side flexibility on a household level. Said technologies are characterized by their ability
to provide flexibility for the energy system by shifting the electric demand. In Germany,
these technologies have not yet taken up on a larger scale (Gillich et al., 2024).

Congruently, GLEUE ET AL. (2021) name the scarcity of smart meters as a reason for the
low application of time-variant tariffs in Germany. The authors state that a 15 % shift of
household consumption in Germany potentially resulted in direct emission savings of 0.8
%, particularly in the summer months. This highly depends on the country context and
the associated social practices which directly influence demand-side flexibility. STUTE ET
AL. (2024) add to the discussion by elaborating that dynamic tariffs yield economic ben-
efits for German households in possession of technologies for demand-side flexibilities

while acknowledging that these technologies are associated with investments upfront.



42

A short outline of recent stipulations in the realm of renewable heating concludes this
overview of the German Energiewende. With the launch of the Act for Renewable Heat-
ing (Gebdudeenergiegesetz) in the beginning of 2024, the German government aims to
facilitate the transition towards climate-friendly heating systems. Until 2028, new heating
systems are required to use at least 65 % of renewable energy. Furthermore, the govern-
ment provides financial support for the replacement of existing heating systems (Presse-

und Informationsamt der Bundesregierung, 2024a).

The Act for Renewable Heating advances in conjunction with the Heating Planning Act
(Wdrmeplanungsgesetz) which paves the way for the systematic introduction of a nation-
wide heat planning throughout Germany. With a focus on local conditions, the Act is
intended to develop regional strategies targeted at the gradual transition of the heating
supply to renewable energy sources. Typically carried out by municipalities, the so-called
heating plans are to be finalized no later than mid-2028 (Bundesministerium fiir Wohnen,
Stadtentwicklung und Bauwesen, 2023). A further factor which bears implications for the
switch towards heating from renewable energy sources is Germany’s transition of the
heating and transport sector from a national to the EU Emissions Trading System (ETS
IT) from 2027 onwards. For these sectors, the price for a ton of CO, will then be deter-
mined by the demand for fossil fuels in the sector, potentially resulting in amplified fuel

and heating costs for consumers (Gorlach, 2023).

It becomes evident that the German Energiewende is an initiative concurrently shaped by
the states, the private sector, the federal government, as well as supranational entities.
Furthermore, the energy transition yields profound implications for private consumers
and serves as a basis for the emergence of energy injustices. This is closely related to

energy poverty, a central topic of this research which is thus outlined subsequently.

5.3 Energy Poverty in Germany

While energy poverty has a decade-long history in countries such as the United Kingdom,
it has only recently caught wider public attention in Germany. Correspondingly, scientific
contributions are rare but gaining momentum, starting to emerge in the 2010s. KOPATZ
ET AL. (2010) acknowledge that, albeit not framed under the term energy poverty, several
regional initiatives dedicated to alleviating energy poverty were launched in the years
prior to their work. Instead of energy poverty, expressions such as energy security, pov-
erty prevention through energy saving, and sustainable energy consumption in poverty

households were used.

Here, the authors state that local initiatives, predominantly led by municipalities, were

oftentimes implementing measures ahead of the federal government. This illustrates that
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the existing offers dedicated to the alleviation of energy poverty differ among regions and
states. In this context, KOPATZ ET AL. (2010) introduce the “Stromspar-Check” (Electric-
ity Savings Check) as the first federal initiative. As this project still exists and has been
expanded since its launch in 2009, a representative from the Stromspar-Check has also

been interviewed for this research.

Furthermore, KOPATZ ET AL. (2010) remark that both the technical infrastructure such as
household appliances as well as bureaucratic barriers constitute to energy poverty. Sev-
eral other factors which bear a high potential to save energy and thus costs, among them
the insulation of the building, the presence of incentives for energy saving, as well as the
presence of energy consultations in the proximity of the households, are mostly outside
the individual sphere of those affected by energy poverty. In this regard, not only house-
holds dependent on social welfare or unemployment benefits are at risk of energy poverty,
but also those in debt or in employment just above the poverty line (Kopatz et al., 2010).
Here, it has to be remarked that the German unemployment benefit (Biirgergeld) grants a
financial aid that includes a predefined proportion for energy costs which do not neces-
sarily cover the actually occurring costs (Opielka & Strengmann-Kuhn, 2022). Yet,
KOPATZ ET AL. (2010) also acknowledge that those in employment just above the poverty
line are potentially even more affected by energy poverty than those receiving social

transfers.

In 2012, the German government stated that neither a distinct definition nor direct policy
interventions for energy poverty were required. Instead, energy poverty was treated as
poverty; measures include the adjustment of social benefits in case of rising energy costs.
Furthermore, the government recommended to decrease energy costs through energy ef-
ficiency measures (Deutscher Bundestag, 2012). TEWS (2013) challenges this perception.
She perceives energy poverty as a structural problem of low-income households’ limited
ability to meet a necessary demand for energy services at disproportionately high costs or
only insufficiently. Hereby, a low income and high energy prices determine energy pov-
erty, yet a lack of energy efficiency in residential buildings and energy-inefficient appli-

ances are presented as structural causes (p. 2).

In an intersectional approach, GROBMANN (2017) outlines that there is a whole interplay
that constitutes to energy poverty. In the context of Germany, she names social charac-
teristics of households, namely income, age, household composition, gender, cultural
background, and health, the areas in which discrimination applies such as the housing
market, and policies relevant in the sphere of social inequality as relevant (p. 70). KAHL-

HEBER (2017) adds to the discourse that various disadvantages and vulnerabilities on an
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individual level, ranging from language or comprehension difficulties, illness, small chil-
dren, lack of financial reserves, as well as the lack of budgeting and planning skills influ-
ence a households’ risk of energy poverty. Changes of the previously outlined constella-
tions in combination with the overall complexities and lacking transparency of energy
procurement and energy consumption further complicate the households’ situation, the
author states. STRUNCK (2017) contributes to the discourse that households with children,
particularly single parents, are statistically at a high risk of energy poverty. The same
applies for single households where women are at a slightly higher risk than men to live

in energy poverty.

This illustrates that, despite it being a central factor, energy poverty is not only dependent
on income but rather a highly multifaceted phenomenon, simultaneously influenced,
among others, by household infrastructure, social practices, and the decisions of third
parties on the local as well as the federal level. Against this background, Germany neither
exhibits any policies directly targeted at the alleviation of nor an official definition for
energy poverty. Instead, the government still addresses energy poverty in the general con-
text of poverty (Bode, 2022). Hence, due to the absence of information regarding the
number of people in energy poverty, statistics on poverty in Germany indicating that 17.7
million people — 21.2 % of the population — are affected (Statistisches Bundesamt, 2024)
serve to understand that energy poverty is not a mere marginal phenomenon. The follow-
ing chapter which presents the results of the case study of Germany directly draws on the
previously introduced sociopolitical aspects as well as the decisions of the Energiewende

and the scientific contributions of energy poverty in Germany.
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6 Results

The following chapter presents the research findings obtained through the expert inter-
views and the corresponding survey. Structured along the research questions, the ways in
which households at risk of energy poverty currently contribute to demand-side flexibility
are outlined first before introducing the spillover effects associated with the access to
technologies for demand-side flexibility on households’ energy consumption behavior.
Under incorporation of the two sub-research questions, the chapter ends with an overview
of the injustices associated with the current access of households at risk of energy poverty

to technologies for demand-side flexibility.

6.1 Households at Risk of Energy Poverty

The following subchapter directly addresses the first sub-research question, that is, the
ways in which households at risk of energy poverty currently contribute to demand-side
flexibility. Due to the lack of survey responses from members of households at risk of
energy poverty, this question was primarily answered through the expert interviews.
Nonetheless, a comprehensive answer to the research question was enabled through the
interviews, particularly obtained through 108, 109, 111, and 112 who directly work with
people at risk of energy poverty as well as from the remaining experts’ thorough theoret-

ical and practical understanding of the matter.

6.1.1 Household Characteristics Potentially Contributing to Energy Poverty

To fully comprehend the contribution of households at risk of energy poverty to demand-
side flexibility, it is essential to demarcate central characteristics which contribute to said
risk first. Such a differentiated approach has been chosen in line with the experts’ state-
ment that energy poverty is not determined through a single factor such as the level of
income; rather, it is a highly complex and multifaceted phenomenon, sometimes even
slightly ambiguous. 104 summarizes this by stating that to derive any kind of broad gen-
eralizations about people’s ability to be flexible necessitates an understanding of their
starting points which are predominantly related to their demographics rather than their

income (personal communication, March 6, 2024).

One of these starting points, the experts homogeneously indicated, is the housing situa-
tion. Compared to those who own their home, households living in rental arrangements
exhibit a greater tendency to be at risk of energy poverty. In case of the latter, landlords
and landladies are primarily responsible for the thermal insulation and the heating system.

The experts unanimously remarked that landlords and landladies tend to be hesitant to
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commence such retrofits. Since these aspects significantly contribute to households’ en-
ergy bills, they influence their risk of energy poverty. Additionally, renters are frequently
granted limited agency to undertake these adjustments themselves. While this certainly
not always applies, the potential outcome are thermally inefficient homes equipped with
outdated, energy-intensive heating infrastructure. Contrastingly, responsible entities in
the more regulated social rental sector exhibit an increased tendency to invest in renova-
tions and energy-efficient technologies compared to the private rental sector. Hence, al-
beit households in the social rental sector are still at risk of energy poverty, they are to a

lesser extent.

A further aspect mentioned by the interviewed experts which greatly contributes to a
household’s risk of energy poverty is the household composition. Families with young
children, for instance, are at a higher risk of energy poverty than households without chil-
dren due to increased financial and time restraints. Judging from the experience of the
consumer advice centers, the Stromspar-Check, and 108, single parents and particularly
single mothers face an increased risk, as well. Deriving insights from their regular use of
the free energy consultations from the Verbraucherschutzzentralen and the Stromspar-

Check according to 109, 111, and 112, the same applies to single households.

Furthermore, the employment status and the number of jobs household members under-
take is a significant aspect, the experts consistently stated. The extent to which household
members work from home might be a risk factor as it increases the energy consumption
of a household in the long term. Moreover, unemployment and retirement increase the
risk of energy poverty as household members potentially spend a significant proportion
of their day at home which reflects in their use of energy. This is related to an additional
risk factor of energy poverty, namely age. Elderly people are at an increased risk of energy
poverty, mirrored in their regular use of the consumer advice centers and the Stromspar-
Check. Nevertheless, the experts acknowledged that the risk of energy poverty persists
across ages. Less of a focus within the interviews but still mentioned by 111 and 112 was
that immigrants might be increasingly exposed to the risk of energy poverty, referring to

additional language and administrative barriers these households face.

A further topic the majority of interviewees touched upon were “complex problems™ (I11,
personal communication, 9 April, 2024), personal burdens or “strokes of fate” (112, per-
sonal communication, 9 April, 2024) with which members of households at risk of energy
poverty are frequently confronted. Here, 108, 109, I11, and 112 elaborated that these prob-
lems in combination with personal obligations significantly restrict the households’ abil-

ity to dedicate resources to their energy consumption. In this nexus, the experts also men-



47

tioned that, albeit households at risk of energy poverty tend to be aware of central strate-
gies to save energy and thus costs, a lack of knowledge thereof represents a further risk

factor of energy poverty.

Against the background of these characteristics, the interviewees wholly agreed that
households at risk of energy poverty are predominantly small energy consumers com-
pared to more affluent households who tend to not only possess more technologies over-
all, but also more energy-intensive ones, such as electric vehicles. 105 encapsulates this
by stating that, against a household with an electric vehicle that has a solar system with a
battery storage, the consumption of households at risk of energy poverty accounts for
“peanuts” because the former capacities are significantly greater (personal communica-
tion, 6 March, 2024).

Usually, households at risk of energy poverty do not own such technologies. Instead,
household appliances such as fridges, washing machines, and potentially dishwashers and
dryers frequently constitute the largest share of their energy consumption. Furthermore,
the household appliances used by them tend to be comparatively old and energy ineffi-
cient. Correspondingly, these households are usually not in the possession of technologies
for demand-side flexibility, particularly those from the private rental sector. This also
corresponds with the limited flexibility capital POWELLS & FELL (2019) attribute to house-
holds at risk of energy poverty.

A central factor hitherto largely unconsidered is the household income. While it is a cen-
tral determinant of energy poverty, the previously outlined aspects illustrate that it is not
the only one. Nonetheless, the experts homogeneously stated that low-income households
and those receiving social benefits such as unemployment benefit, basic income support,
and housing benefit, as well as top-up workers (Aufstocker) tend to be at risk of energy
poverty. The previous enumeration grants fundamental insights into demographic char-
acteristics households at risk of energy poverty might exhibit. It should be acknowledged,
however, that it does not paint a full picture of the multifaceted topic of energy poverty
and instead invites future researchers to investigate the German case more closely. More-
over, whilst these factors do determine the risk of energy poverty, it is not indicated that,
for instance, every household in the private rental sector is at risk of energy poverty. Of-
tentimes, it is rather a combination of such factors which puts households at increased
risk, illustrating the complex, slightly ambiguous endeavor of delineating definite house-

hold characteristics constituting to this.
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6.1.2  The Contribution of Households at Risk of Energy Poverty to Demand-
Side Flexibility

The identification of central household characteristics which contribute to the risk of en-
ergy poverty enable a holistic answer to the first sub-research question. A fundamental
factor which significantly affects the contribution to demand-side flexibility are the rather
poorly insulated buildings and the energy-inefficient heating infrastructure of the build-
ings in which households at risk of energy poverty tend to live. These potentially limit
their ability to contribute to demand-side flexibility. The limited control over the instal-
lation of technologies for demand-side flexibility, particularly in the private rental sector,
augments this. A further factor which significantly constrains households’ access to tech-
nologies for demand-side flexibility is income. Less affluent households lack the financial

means associated with the substantial investment costs.

Moreover, their contribution to demand-side flexibility is decreased due to factors such
as children, single parenting, and employment, not seldom multiple ones, which signifi-
cantly narrow households’ ability to shift energy consumption in time. This is further
intensified through their limited ability to gain insights into and control over their energy
patterns, factors closely related to the rental sector as well as limited access to technolo-
gies for demand-side flexibility. This factor potentially even inhibits such households at
risk of energy poverty whose members tend to have a comparatively greater ability to
shift their energy consumption, for instance due to retirement and unemployment, to ap-

propriately contribute to demand-side flexibility.

Furthermore, while it was illustrated that characteristics of households at risk of energy
poverty might negatively influence their ability to contribute to demand-side flexibility,
the same applies the other way around, as the experts unanimously stated. In other words,
the risk of energy poverty might further exacerbate due to households’ limited ability to
contribute to demand-side flexibility. This interplay between household characteristics
constituting to energy poverty and their resulting ability to contribute to demand-side
flexibility is illustrated in the following figure. Amidst the possibility of rising energy
prices and the introduction of dynamic time-of-use tariffs as outlined in in Chapter 5, this

trajectory might gradually deepen in the future, representing a source of injustices.
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Figure 6.1: The Interplay between Characteristics of Households at Risk of Energy Pov-
erty and their Resulting Ability to Contribute to Demand-Side Flexibility

Despite their limited ability to contribute to demand-side flexibility, a significant propor-
tion of households at risk of energy poverty contributes to demand-side flexibility, none-
theless. Due to their limited access to technologies for demand-side flexibility, the inter-
viewees unanimously stated that households at risk of energy poverty predominantly tend
to resort to manual actions over which they have direct control in a rental situation. Ac-
cording to 109, I11, and 112, these measures include a decrease in the use of warm water,
particularly through a reduction of shower times, an adjustment of their cooking behavior,
a scaling down of the heating system — as 104 and 108 raised awareness for, even to a
potentially unhealthy extent —, switching off devices in standby, as well as the decision
to use household appliances such as dryers as scarcely as possible. Although these
measures do decrease the burden on the grid to a small extent, they predominantly con-

tribute to an overall saving of energy.

Apart from these actions, households at risk of energy poverty undertake measures to

increase the thermal efficiency of their homes through the sealing of windows and doors.
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Propelled by the dissemination from German consumer advice centers and the Stromspar-
Check, they tend to use switchable power strips. Through occasional subsidies, a small
minority of households at risk of energy poverty is gaining increasing access to photovol-
taic systems for their balcony. This, however, largely depends on the availability of the
respective state’s or municipal’s funding programs and is still associated with compara-
tively high costs for the households, 111 and 112 explain (personal communication, 9
April, 2024). In this context, consumer advice centers and the Stromspar-Check play a
significant role as they provide guidance and the required equipment. With the transition
from flat to dynamic time-of-use tariffs in the future, the interviewees expect these house-
holds to increasingly shift their domestic loads manually in time in expectation of small

financial remunerations.

Against this background, the first sub-research question was answered as follows: The
ability of households to contribute to demand-side flexibility is limited which potentially
increases their risk of energy poverty even further. This is primarily due to factors outside
of the households’ scope and control, among them their limited access to technologies for
demand-side flexibility. However, a substantial proportion of these households contrib-
utes through socially-derived flexibility measures which illustrates their general willing-
ness to participate in the energy transition. Furthermore, in pre-emption of the main re-
search question, the following fundamental injustice was identified through the results of
the first sub-research question: Due fo factors largely outside of the control of households
at risk of energy poverty, among them their limited access to technologies for demand-
side flexibility, their contribution to demand-side flexibility is limited which potentially

increases their risk of energy poverty even further.

6.2 Households with Access to Technologies for Demand-Side Flexibility

The ensuing subchapter addresses the second sub-research question which tackles the
spillover effects associated with the access of households to technologies for demand-
side flexibility on their energy consumption behavior. This question was primarily an-
swered through the online survey and triangulated with the findings from the expert in-
terviews. Before addressing the spillover effects from technologies for demand-side flex-
ibility, central demographics of the surveyed participants are outlined to put the subse-

quent research findings into perspective.

6.2.1  Characteristics of Households with Access to Technologies for Demand-

Side Flexibility

In line with the research question, the survey directly addressed households who already

possessed at least one technology for demand-side flexibility. Since merely eight of the



51

133 participants did not own any such technology, this goal was met. Before directly
addressing the spillover effects, some fundamental insights about the participants’ de-
mographics that were discovered through the statistical analysis are provided to obtain a
thorough understanding of their characteristics. Correspondingly, 87 % of the surveyed
participants were male. They were predominantly middle-aged, averaging between 45
and 54 years; no minors took part in the survey. 85 % of the respondents indicated they
were employed, the majority of which full time, 9 % were retired. With one and four

participants, respectively, non-employed and students were the minority.

People from every German state except of Thuringia contributed, with most participants
living in North Rhine-Westphalia, Bavaria, and Baden-Wiirttemberg. Determined on the
basis of the Gross Domestic Product (GDP) per head, these three states belong to the most
affluent ones (Statistische Amter des Bundes und der Linder, 2024). Two-people house-
holds were the most common constellations, closely followed by three and four household
members, together contributing to 46 % of the chosen options. With 15 participants stat-
ing that they were living in single households, this constituted the fourth largest group.
Slightly more than half of the participants indicated that there were no minors living in
their household. In 28 of the contributing households lived one child, in 27 two, and in

merely four lived three children.

With over 77 %, the majority of participants specified that they own their home, the re-
mainder lives in rented homes; nobody indicated that they lived in social housing. Fur-
thermore, the statistical analysis yielded that more than 80 % of the participants lived in
single houses rather than apartments. Consequently, the overarching minority of partici-
pants resided in their own house. Furthermore, the level of the households’ monthly net
income was investigated. To compare these results appropriately, the following approach
was chosen. First, the upper limits of the income clusters among which participants could

select were chosen.

Following an approach recommended by the OECD for equivalence scales (Biewen &
Juhasz, 2017), this number was then divided by the square root of the household mem-
bers. Thereby, the net income per household member was approximated. Over 45 % of
the surveyed participants stated that their monthly net income was between 2,000 and
5,000 € per month. Since merely three of the six participants who indicated a monthly net
income below 1,000 € signified that they struggled financially to pay their energy bills,
this sample size of potential households at risk of energy poverty was too small to derive
any significant insights from. The subsequent figure grants an overview of the resulting

distribution of respondents’ monthly net income.
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Distribution of Monthly Net Income per Head
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Figure 6.2: Distribution of Monthly Net Income per Household Member

On average, the participants selected five technologies for demand-side flexibility which
are in their possession, with over 19 % owning between 8 and 10 such technologies. With
over 81 %, 79 %, and 60 % respectively, smart plugs, smart lighting systems, and smart
thermostats were the technologies owned by most participants. Approximately half of the
participants possessed a smart meter, apps or dashboards for the automatic adjustment of
the household’s energy consumption as well as rooftop photovoltaic systems. Battery
storage systems, heat pumps, and electric vehicle charging stations were chosen by
roughly a third of the participants. Constituting to around 25 %, photovoltaic systems on
households’ balconies were the least common among respondents. A noteworthy ten-

dency in this regard is that the number of technologies owned increased with income.

Suitable to the comparatively high number of technologies for demand-side flexibility in
their possession, the participants presented certain tendencies in terms of their approach
towards their energy consumption. On average, they stated that they were considerate
about their energy consumption and were trying to save energy. Moreover, they tended
to be well-informed about digital technologies and their usage and highly agreed that they
liked to try out new digital technologies. Averagely, they were aware of the energy con-
sumption of the technologies in their households. They also exhibited a rather high ten-
dency of trust towards the technologies in their households, stating that they did not mind

technologies automatically adjusting the energy patterns of their household.

The formerly presented demographics of the participants illustrate that the survey pre-
dominantly reached a particular group of society. The average participant was male, mid-

dle-aged, middle class, lived in their own house with another person, tended to be digitally
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literate, exhibited a certain interest about and trust into digital technologies, and owned a
comparatively high number of technologies for demand-side flexibility. Considering the
results of the first sub-research question, this group exhibited clear demographic dispari-
ties compared to households at risk of energy poverty. Therefore, the results of the second

sub-research question were interpreted against the background of these demographics.

6.2.2  Spillover Effects associated with the Access to Technologies for Demand-

Side Flexibility

To answer the second sub-research question, the level of agreement to questions regard-
ing changes in terms of participants’ energy consumption behavior after their adoption of
at least one technology for demand-side flexibility were utilized. The vast majority of
participants who responded to these questions stated that these technologies enriched the
understanding of their energy consumption and made it easier for them to save energy.
Furthermore, the results exhibited a clear tendency that the access to technologies for
demand-side flexibility significantly contributed to the saving of energy costs for the par-
ticipants. Over 60 % of the respondents agreed at least partially hat the adoption of tech-
nologies for demand-side flexibility resulted in considerations to implement additional

technologies for demand-side flexibility and digital technologies in general.

The most significant spillover effects were documented in terms of participants’ openness
to technological automation as well as in terms of the perceived control and comfort.
Around 70 % of the participants agreed partially or fully that the adoption of technologies
for demand-side flexibility made them more receptive to the notion of automating their
energy consumption through digital technologies. Nearly the same number of respondents
stated that the adoption of technologies for demand-side flexibility augmented their feel-
ing of control over their households’ energy consumption and made it more comfortable
for them to adjust their energy use. Contrastingly, most respondents indicated a strong
disagreement with the statement that the adoption of technologies for demand-side flexi-
bility resulted in considerations to insulate their homes in an energy efficient manner. The
design of the survey does not permit any definite insights into their reasoning behind this
choice. It might, however, be assumed that this is partly because the participants’ house-

holds were already comparatively thermally efficient.

Overall, the results of the survey predominantly mirrored the experts’ statements about
the spillover effects. Having not yet directly assessed this topic from neither an academic
nor professional perspective, most experts stated, after a short consideration, that the
adoption of technologies for demand-side flexibility might result in spillover effects in

terms of households’ overall energy consumption behavior. Yet, the interviewees
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acknowledged that these spillover effects depend on further factors. 107 states that, “if
[households] are early adopters of these technologies, they are more likely to have [a
positive approach towards digital technologies] anyway, but if this was somehow brought
to them or introduced to their home, I would think it might encourage them to think and

be less intimidated by digital [technologies]” (personal communication, March 8, 2024).

While affirming that the adoption of technologies might result in a change of energy con-
sumption behavior in terms of a shift of energy loads for those with a rather high digital
literacy, 108 also raises awareness that such spillover effects might manifest less for other
parts of the society, particularly elderly people (personal communication, March 14,
2024). Under consideration of the unrepresentative sampling of the participants, it is as-
sumed that the obtained responses are not fully representative for other parts of the Ger-

man society either.

Nonetheless, based on these tendencies which were derived from the survey and sustained
by the experts’ assessment, the second sub-research question was answered as follows:
The adoption of technologies for demand-side flexibility is associated with significant
spillover effects in terms of households’ energy consumption behavior. The access to
technologies for demand-side flexibility positively correlates with households’ under-
standing of their energy consumption, the facilitation of energy cost saving, and gives rise
to considerations to implement additional technologies for demand-side flexibility and
digital technologies in general. Moreover, the adoption of technologies for demand-side
flexibility positively correlates with an increased openness to technological automation,

control, and comfort for the household members.

Interpreting these spillover effects in reverse paves the way for the identification of cen-
tral injustices associated with the limited access of households at risk of energy poverty
to technologies for demand-side flexibility. It is assumed that their limited access might
entail a decreased ability to obtain insights into their energy consumption patterns, poten-
tially resulting in missed opportunities to save energy costs. Furthermore, it might be
associated with decreased comfort for household members and an increased reluctance to
adopt technologies for demand-side flexibility and digital technologies in general com-
pared to those who already possess such technologies. Therefore, in the longer term, this
trajectory might entail that households that do not have access to technologies for de-
mand-side flexibility at this stage of the energy transition might bypass it altogether.
While households with said access might expand their suite of technologies gradually,
profiting from innovative tariffs and service models, households without it might develop

an increased hesitancy towards such technologies. This might result in their structural
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exclusion from the energy transition. Framed as injustices, these spillover effects are log-

ically consolidated into the results of the main research question.

6.3 Energy Justice Decision-Making Framework

Hereinafter, the injustices associated with the current access of households at risk of en-
ergy poverty to technologies for demand-side flexibility are outlined, thereby directly an-
swering the main research question. In accordance with the inductive/deductive hybrid
analysis, the structure follows SOVACOOL ET AL.'S (2016) energy justice decision-making
framework that has been adjusted according to the research background. The injustices
presented below were identified based on the thematic analysis of the expert interviews
as well as the analysis of the complementary online survey. Some of the injustices were
homogeneously addressed by all experts. However, given the various professional back-
grounds of the interviewees, there are also injustices which were raised by a few, yet
consistently more than two, interviewees. While three principles have been added, due
process has been discarded. Since the thematic analysis did not yield any injustices for

which this principle applies, due process was not further elaborated on.

6.3.1 Affordability

Due to its central role in the current literature on demand-side flexibility, affordability
represents the first principle from which energy injustices were derived. In the context of
households at risk of energy poverty, affordability not only encompasses the financial
costs associated with the provision of energy services themselves, but also of technologies
for demand-side flexibility. A central injustice in the realm of energy services is related
to the current German energy system where fixed energy tariffs prevail. In such a system,
the monetary benefits of demand-side flexibility are, particularly for smaller consumers,
marginal. Yet, on a system scale, demand-side flexibility already yields benefits; by align-
ing the generation of energy to its consumption, less redispatch is required which de-
creases the standing charges and thus energy costs for households in the long term. Hence,
households at risk of energy poverty who do not have a lot of flexibility capital to provide
might adjust their energy consumption nonetheless to reap economic benefits. 107 de-
scribes this by stating, “if you are a [household at risk of energy poverty], then the really
small financial gains that are available by being flexible might be meaningful to you in a
way that they’re not for a higher-income household” (personal communication, March 8§,
2024).

In this context, the experts critically raised awareness that, due to the access to technolo-
gies for demand-side flexibility of those more affluent, their financial advantages are

comparatively higher and their effort of providing flexibility lower than for households
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at risk of energy poverty. Hence, the first injustice in the realm of affordability is: The
current marginal monetary benefits of demand-side flexibility might pressure households
at risk of energy poverty to provide socially-derived flexibility through which they reap
smaller economic gains while putting in more effort than households with access to tech-
nologies for demand-side flexibility. With the progressive introduction of dynamic time-
of use tariffs based on the federal spot price and network operators’ ability to adjust their
grid fees quarter-hourly, the economic benefits of demand-side flexibility are expected to
increase, potentially intensifying the previously outlined injustice. This is further dis-

cussed under 0.

In terms of the affordability of technologies for demand-side flexibility, it was acknowl-
edged that the costs associated with technologies for demand-side flexibility are signifi-
cant, largely preventing households at risk of energy poverty from obtaining them. This
results in the increasing access of more affluent households to technologies for demand-
side flexibility while households at risk of energy poverty are largely unable to afford
them. Here, 110 acknowledges that this gradually results in a segment of the society “us-
ing old, outdated technologies having to pay more and more for using [them] because
they are not benefitting from the newer systems. And that becoming a significant problem
over time as more and more people are in the brave new world, but there are those left
behind” (personal conversation, March 20, 2024). This translates into the following in-
justice: The limited access of households at risk of energy poverty to technologies for
demand-side flexibility and their use of outdated, energy-inefficient technologies instead

represents an additional financial burden for them.

This is closely related to an additional injustice in the context of subsidies to obtain tech-
nologies for demand-side flexibility. While such subsidies do exist in Germany, they dif-
fer between states, regions, and municipalities. Furthermore, existing subsidies do not
cover the complete purchase costs which poses another barrier for households at risk of
energy poverty to obtain technologies for demand-side flexibility. This is associated with
another injustice: Subsidies for technologies for demand-side flexibility differ among re-

gions and do not fully ensure affordability for households at risk of energy poverty.

In this context, the experts critically referred to the formerly introduced “energy price
brakes” which were initiated by the German government to alleviate energy costs for
consumers between 2022 and 2023. Because of the way this scheme was designed, more
affluent households with a higher annual energy use did not have to overly restrict them-
selves to decrease their consumption below the predetermined 80 % threshold. For house-
holds at risk of energy poverty whose energy consumption is predominantly dedicated to

fulfilling their basic energy needs, the incentivization of such a reduction might only be
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achievable through a harmful withdrawal from energy services to reap economic benefits.
The interviewed experts hence critically stated that the scheme did contribute to the de-
crease of energy costs for consumers, yet mainly addressed more affluent households and
not those most dependent on such an alleviation. Albeit the “energy price brakes” were
not directly dedicated to demand-side flexibility but rather the overall saving of energy,
the scheme exemplifies the interplay between policy design and energy injustices. This
was summarized as: Current schemes related to the German energy transition might not
fully take the measures households at risk of energy poverty undertake to save energy into

account, thus not adequately targeting the alleviation of energy costs for them.

The tables provided at the end of a principle summarize the formerly identified injustices.
By delineating each of the injustices associated with the current access of households at
risk of energy poverty to technologies for demand-side flexibility, Tables 6.1 until 6.6
serve to comprehensively answer the main research question. Simultaneously, the injus-
tices which reflect on the first and second sub-research question are structured along the
corresponding principles and are labelled accordingly. Because the last four principles
each encompass a single injustice, they are presented together in Table 6.6 at the end of
the chapter. Derived from the first sub-research question, the initial injustice serves as a
point of origin for further injustices and is thus presented without a specific principle

before summarizing the injustices previously stated under the principle of affordability.

Table 6.1: Overview of Injustices summarized under the Affordability Principle

Energy Justice Principle | Injustice

Sub-research question 1: Due to factors largely outside of the control of households at
risk of energy poverty, among them their limited access to technologies for demand-
side flexibility, their contribution to demand-side flexibility is limited which potentially
increases their risk of energy poverty even further.

The current marginal monetary benefits of demand-side
Affordability flexibility might pressure households at risk of energy
poverty to provide socially-derived flexibility from
which they reap smaller economic gains while putting in
more effort than households with access to technologies

for demand-side flexibility.

The limited access of households at risk of energy pov-
erty to technologies for demand-side flexibility and their
use of outdated, energy-inefficient technologies instead
represents an additional financial burden for them.

Subsidies for technologies for demand-side flexibility
differ among regions and do not fully ensure affordability
for households at risk of energy poverty.
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Energy Justice Principle | Injustice

Current schemes related to the German energy transition
might not fully take the measures households at risk of
energy poverty undertake to save energy into account,
thus not adequately targeting the alleviation of energy
costs for them.

6.3.2  Availability

Encompassing aspects around households’ access to energy services, technologies, and
tariffs, the second principle of the energy justice decision-making framework is availa-
bility. A central characteristic of technologies for demand-side flexibility is that, if oper-
ated in the right way, they contribute to energy service security. Households with a suite
of technologies such as photovoltaics and batteries are to a lesser extent affected by power
cuts and thus more independent from the energy grid, the experts acknowledged. Corre-
spondingly, the limited access to technologies for demand-side flexibility potentially

leads to a lower level of energy security for households at risk of energy poverty.

An additional injustice in this nexus is related to the limited choice of households at risk
of energy poverty to obtain new energy tariffs. According to the interviewed experts,
energy supply companies tend to carry out credit checks, often refusing new customers
from neighborhoods with a high share of low-income households. This yields the follow-
ing justice concern: Households at risk of energy poverty tend to face structural barriers
obtaining new energy tariffs which inhibits them from accessing innovative service mod-
els for demand-side flexibility. Correspondingly, Table 6.2 summarizes the identified in-

justices of the second principle.

Table 6.2: Overview of Injustices summarized under the Availability Principle

Energy Justice Principle | Injustice

o The limited access to technologies for demand-side flex-
Availability ibility potentially leads to a lower level of energy security
for households at risk of energy poverty.

Households at risk of energy poverty tend to face struc-
tural barriers obtaining new energy tariffs which inhibits
them from accessing innovative service models for de-
mand-side flexibility.
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6.3.3  Transparency and Accountability

The third principle, transparency and accountability, highlights a further central aspect of
technologies for demand-side flexibility, namely the information consumers are able to
obtain through them. The experts homogenously stated that particularly smart meters,
smart plugs, and smart thermostats serve as tools to inform households about their current
use of energy. These technologies are relevant for households at risk of energy poverty
for various reasons. As they regularly live in rented homes, said households tend to have
fewer insights into and thus difficulties comprehending their energy bills and the main
contributors thereof. The lack of information about their energy consumption bears the
risk of additional payments. Furthermore, households at risk of energy poverty tend to
possess less energy-efficient household appliances and live in buildings with poor insu-
lation. These two factors potentially increase energy costs, yet households at risk of en-

ergy poverty have limited insight into.

105 summarizes that such technologies provide further insights into the energy consump-
tion of a household and its appliances to recognize and develop a feeling for the energy
they require, at best resulting in the realization that an appliance is energy inefficient and
should thus be replaced (personal communication, 6 March, 2024). 101 further elucidates
that such technologies also serve educational purposes. “The provision of information
about one’s own consumption, but also about the energy system, creating this awareness,
is relevant for anyone but especially for those who cannot utilize the technological com-

ponent to the full” (I01, personal communication, 29 February, 2024).

Amidst the progressing energy transition accompanied by the expansion of innovative
technologies and dynamic time-of-use tariffs, such information becomes increasingly rel-
evant for consumers. Closely related to the results obtained through the second sub-re-
search question, this yields the following injustice: Households at risk of energy poverty
with limited access to technologies for demand-side flexibility lack insights into their own

energy consumption and the current situation in the energy system.

Furthermore, the design and implementation of German subsidies dedicated to technolo-
gies for demand-side flexibility nurtures further justice implications in the realm of trans-
parency and accountability. The application for such subsidies is bureaucratic, time-con-
suming, articulated in complex terminology, and sets high requirements for applicants,
109 and I11 remark. For households at risk of energy poverty, this represents an additional
barrier. Moreover, several German subsidy programs were ceased at short notice in the
past as the funding was depleted earlier than anticipated, causing risks for consumers who
then hesitated to retrofit their households altogether (109, personal communication, 14

March, 2024). This means that the complex application procedure and lack of consistency
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regarding subsidies might hinder the access of households at risk of energy poverty to
technologies for demand-side flexibility, either directly or through their landlord or land-
lady. Table 6.3 provides an overview of the injustices identified in the nexus of transpar-
ency and accountability while drawing a direct connection to the second sub-research

question.

Table 6.3: Overview of Injustices summarized under the Transparency and Accounta-

bility Principle

Energy Justice Principle | Injustice

Households at risk of energy poverty with limited access

Transparency and to technologies for demand-side flexibility lack insights

accountability into their own energy consumption and the current situa-

tion in the energy system (sub-research question 2).

The complex application procedure and lack of con-
sistency regarding subsidies might hinder the access of
households at risk of energy poverty to technologies for
demand-side flexibility, either directly or through their
landlord or landlady.

6.3.4  Sustainability and Intragenerational Equity

The principle of sustainability is closely related to the formerly discussed spillover effects
in the realm of households’ energy saving behavior. As illustrated successively, the prin-
ciple also overlaps with the realm of intragenerational equity under which injustices
rooted in socio-economic differences were summarized. Thus, the principles are pre-
sented together. In this context, a central difference between households at risk of energy
poverty and more affluent ones, namely their level of home insulation. The experts unan-
imously stated that households at risk of energy poverty tend to live in thermally ineffi-
cient homes with poor insulation. This directly reflects on a households’ flexibility capi-
tal. “If the home is thermally efficient, it will store that energy [similar to] what a battery’s
doing. The home is storing energy and is releasing it as a thing of value, such as warmth,
to the household at a time that they want it. And if the home is well insulated, that will
work and then you could switch the heat pump off for some time when the grid needs to
and the house will stay warm”, 107 specified (personal communication, March §, 2024).
Consistent with the findings obtained through the first sub-research question, the rather
thermally inefficient housing stock of households at risk of energy poverty might nega-
tively affect their ability to contribute to demand-side flexibility describes an injustice

from a sustainability and an intragenerational equity perspective.
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This directly relates to a further difference, even among households at risk of energy pov-
erty, is related to whether their home belongs to the public or private rental sector. 103
describes that “we see in the social rental sector sort of involuntary early adopters of some
of these technologies [for demand-side flexibility], people that haven’t necessarily chosen
to get them but their landlord has decided they would be a good thing and there is funding
available, so they have been installed [...] because you’ve got relatively few large entities
making strategic decisions around that and they have a social responsibility” (personal
communication, March 5, 2024). Contrastingly, in the private rental sector, funding pro-
grams do exist, but the introduction of new technologies is oftentimes hampered by a lack
of willingness from the landlord or landlady, the experts remark. 107 summarizes this by
stating that, oftentimes, “[t]he landlord isn’t living in the property or paying their energy
bill, so they have no incentive to upgrade it, so you get caught in the classic split incen-
tives problem with private rental that is very difficult to overcome. That is the sector with
most precarity where people are low income, they have little power to improve their prop-
erty and the landlord isn’t improving it because there’s nobody to make them improve it”
(personal communication, March 8, 2024). This translates into the following injustice:
The adoption of technologies for demand-side flexibility as well as the implementation of
technologies for demand-side flexibility and energy efficiency measures differs between
the social and private rental sector, with private landlords and landladies oftentimes hes-

itating to undertake the associated renovations.

A further noteworthy aspect in the nexus of intragenerational equity is closely related to
the concept of recognition justice. Through the expert interviews, it became evident that
representatives and decisionmakers of stakeholders in the energy system, for instance
from energy companies and grid operators, are not yet fully attuned to the notion of en-
ergy poverty in Germany. This might manifest in various forms, either through a lack of
acknowledgement for the financial burden the energy prices have on some households,
or through the perception that energy poverty is merely rooted in the inefficient, uneco-
nomic use of energy. Such lack of awareness bears the risk of establishing itself in the
energy system of the future, thereby overlooking the impact the design of tariffs and
schemes as well as the expansion of digital technologies has for households at risk of
energy poverty. Not all stakeholders in the energy sector fully recognize energy poverty
as a structural problem in Germany which might prevent them from taking it into account
in their decision-making thus demarcates an injustice. In line with the previous principles,
Table 6.4 summarizes the injustices in the context of sustainability and intragenerational
equity while drawing a connection to the first sub-research question. Therefore, the two
injustices which apply in the realm of both sustainability and intragenerational equity are
presented together, whereas the injustice which merely pertains to the principle of intra-

generational equity is outlined separately.
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Table 6.4: Overview of Injustices summarized under the Sustainability and Intragenera-

tional Equity Principles

Energy Justice Principle | Injustice

The rather thermally inefficient homes of households at
risk of energy poverty might negatively affect their abil-
generational equity ity to contribute to demand-side flexibility (sub-research
question 1).

Sustainability and intra-

The adoption of technologies for demand-side flexibility
as well as the implementation of technologies for de-
mand-side flexibility and energy efficiency measures dif-
fers between the social and private rental sector, with pri-
vate landlords and landladies oftentimes hesitating to un-
dertake the associated renovations.

Not all stakeholders in the energy sector fully recognize
Intragenerational equity energy poverty as a structural problem in Germany which
might prevent them from taking it into account in their

decision-making.

6.3.5 Intergenerational Equity

Under the sixth principle, intergenerational equity, injustices which are expected to man-
ifest themselves in the energy system of the future are presented. This principle applies
to the gradual introduction of dynamic time-of-use tariffs. These tariffs serve as a mech-
anism to shift demand in time through price signals, for instance increasing the price of
energy when demand is particularly high or renewable energy is scarce. However, the
ability of households to react to such price signals and adjust their consumption accord-
ingly, varies. Thereby, the experts acknowledged that such tariffs yield particular impli-

cations for households at risk of energy poverty.

A fundamental component necessary for any such tariffs is an interface between the
households’ energy consumption and the grid operators to enable the communication of
energy prices and flexible billing. This interface is usually a smart meter which is installed
in consumers’ households to serve the formerly stated purposes. The current German leg-
islation prioritizes the rollout of smart meters to households above a certain annual energy
consumption. While such a prioritization is appropriate from an energy systems perspec-
tive, it structurally excludes households at risk of energy poverty as they regularly fall
below this threshold. This results in their comparatively late adoption of smart meters
which embodies an added entry barrier for the adoption of further technologies for de-

mand-side flexibility. The corresponding injustice is hence summarized as: The current
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German legislation for the rollout of smart meters as stipulated in the Gesetz zum
Neustart der Digitalisierung der Energiewende bears the risk of structurally excluding
households at risk of energy poverty which might impede them from adopting further

technologies for demand-side flexibility and innovative energy tariffs in the future.

110 elaborates on a further injustice associated with dynamic time-of-use tariffs: “The risk
is that those households [who are not able to take advantage of them] get penalized if they
cannot move their consumption away from the peak period. Particularly if the differenti-
ation in pricing is very strong, then they can get a real harmful effect from that. And the
danger is that if it is [...] households already in [energy] poverty that are being penalized
by the system that is imposed on them, if it is something that becomes a general structur-

ing effect of the energy market” (personal communication, March 20, 2024).

Said risk associated with dynamic time-of-use tariffs might be even further exacerbated
by an effect increasingly seen in strained systems, namely surge pricing. An example
thereof is the taxi service Uber whose prices drastically rise during peak times of demand.
With dynamic time-of-use tariffs, energy prices might undergo similar surges. This is
particularly challenging for households on a tight budget who require an energy bill with-
out major fluctuations rather than a tariff where risk is involved. This brings forth a further
injustice, namely: Because the ability of households to react to price signals partially
depends on their access to technologies for demand-side flexibility, dynamic time-of-use

tariffs might bear a disproportionate risk of penalizing households at risk of energy pov-
erty.

The last injustice under the principle of intergenerational equity addresses the gradual
electrification of the energy system. As households are increasingly switching over to
electric heating, the financial costs of maintaining the fossil fuel infrastructure will be
paid by those still using it. While more affluent households are leapfrogging to electric
solutions, households in the private rental sector and particularly those at risk of energy
poverty will initially stay in the fossil fuel infrastructure, paying increasingly more as the
costs are split between fewer consumers. A further factor which plays into this is the
transition from the national to the European Emissions Trading System which enables the
auctioning of emissions with free prices on the market from 2027 onwards. According to
expert 106, such a carbon emissions trade might result in the increase of energy prices for
fossil fuels. Accordingly, because of the limited access to technologies for demand-side
flexibility, households at risk of energy poverty might bear the disproportionate costs of
the fossil fuel infrastructure for longer. Table 6.5 provides an outline of the previously

discussed injustices.
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Table 6.5: Overview of Injustices summarized under the Intergenerational Equity Prin-

ciple

Energy Justice Principle | Injustice

The current German legislation for the rollout of smart
Intergenerational equity meters as stipulated in the Gesetz zum Neustart der Dig-
italisierung der Energiewende bears the risk of structur-
ally excluding households at risk of energy poverty
which might impede them from adopting further technol-
ogies for demand-side flexibility and innovative energy

tariffs in the future.

Because the ability of households to react to price signals
partially depends on their access to technologies for de-
mand-side flexibility, dynamic time-of-use tariffs might
bear a disproportionate risk of penalizing households at
risk of energy poverty.

Because of the limited access to technologies for de-
mand-side flexibility, households at risk of energy pov-
erty might bear the disproportionate costs of the fossil
fuel infrastructure for longer.

6.3.6  Responsibility

While SOVACOOL ET AL.'S (2016) principle of responsibility mainly addresses nations as
a whole, the analysis of the interviews put further stakeholders into the focus. In the realm
of households at risk of energy poverty, these include, first and foremost, landlords and
landladies. As previously stated, said households typically live in rented homes. This
bears the possibility that the implementation of technologies for demand-side flexibility
does not necessarily ensure that households are able to operate them flexibly and accord-
ing to their requirements. This is particularly the case for heat pumps, as the experts con-
sistently stated. 104 elaborates that, since the landlord or landlady is responsible for in-
stalling and setting up the heat pump, households “might lose that communication oppor-
tunity of setting it up in a way that works for them and their lifestyle, with flexibility
considered” (personal communication, March 6, 2024). If not implemented appropriately,
the technology bears the risk of increasing the financial burden of households, forcing
them to operate it at an unhealthily low temperature, or simply not providing any flexi-
bility to the grid.

This also illustrates a significant feature of technologies for demand-side flexibility. As
is the case for heat pumps, such technologies lay the foundation for demand-side flexibil-

ity, yet they do not necessarily ensure their flexible operation. The associated injustice is
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that the installation of technologies for demand-side flexibility is often the responsibility
of landlords and landladies which might inhibit households at risk of energy poverty to

adjust them according to their own requirements and operate them flexibly.

6.3.7 Comfort

Just like the following two principles, comfort was not part of the initial energy justice
decision-making framework but was derived inductively from the interview data as well
as the complementary online survey. Based on the former, it became evident that demand-
side flexibility is associated with a certain level of discomfort for households as it might
involve the adjustment of their energy consumption patterns. Yet, households who have
access to technologies for demand-side flexibility and are also able to operate them in
such a way that serves their needs while still granting flexibility to the grid, are to a lesser
extent confronted with discomfort. [07 further expands this notion by stating that, “if you
have a suite of technologies, if you own a home that has solar panels, an electric vehicle
and smart white goods, then you can configure them in such a way that they can serve the
grid without any inconvenience to you, and you might even benefit because you’ll be
taking the advantages of better tariffs and charging your car at night and using photovol-

taics when it is most optimal” (personal communication, March 8, 2024).

Contrastingly, as households at risk of energy poverty typically lack access to such a suite
of technologies, they might opt to contribute through manual actions, with socially-de-
rived flexibility, in anticipation of small financial benefits. Socially-derived flexibility
does not necessarily have to be unjust; it might however be accompanied by what 107
describes as a situation where households “start to self-impose some limitations and some
inconveniences and potentially some kind of harmful withdrawal from the grid at certain
times. It might just be that your mealtimes and therefore important times to socialize and
spend time with family become things that might move in time or might no longer happen.
Whereas a household for whom that small price signal is insignificant, will just continue
unaffected, really. Which does them no harm. But it doesn’t deliver the grid any flexibil-
ity. So that’s also suboptimal” (personal communication, March 8, 2024). Mirroring the
results of the second sub-research question, this illustrates that, due to their limited access
to technologies for demand-side flexibility, households at risk of energy poverty might
resort to socially-derived flexibility which is potentially associated with discomfort, so-

cial isolation, and the alteration or dismissal of households’ usual social practices.

6.3.8 Resource Man

Similar to the previous principle, the Resource Man was added to the original energy

justice decision-making framework. The Resource Man was originally introduced by
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STRENGERS (2014) who challenges the notion of the smart energy consumer as someone
with a central role in the digitalization of the energy sector. She states that such a Resource
Man, as envisioned by the — male-dominated, hence the name — energy industry, “re-
sponds rationally to price signals and makes informed decisions based on up-to-date and
detailed data provided about costs, resource units [...], and [environmental] impacts of
his consumption, dynamic prices, and enabling technologies [...] which allow him to
transform his home into a resource control station. He is both in control of his energy

consumption and assigns this control to technologies to manage on his behalf” (p. 25).

With that, STRENGERS (2014) critically recognizes that this perception of the energy con-
sumer overlooks the daily social activities in a household and applies merely to a specific
clientele. This research builds on this notion through the consideration that demand-side
flexibility and the accompanying technologies add to households’ daily lives like an ad-
ditional chore. This is based on the acknowledgement that socially-derived, but also tech-
nology-derived flexibility takes up households’ headspace, either through manual actions
or the configuration of technologies in a way that suits their lifestyle. It acknowledges
that the physical and mental capacity they dedicate to their energy consumption on top of
their everyday responsibilities is limited. This rationale is conceptualized through the Re-
source Man. He is particularly applicable to households at risk of energy poverty. As
illustrated in subchapter 6.1, these households tend to be confronted with complex, mul-
tifaceted problems and burdens, significantly limiting their flexibility capital. In the con-
text of socially-derived flexibility, this might lead to households’ increasing concern
about not only the amount of energy they use, but the time they are using it, potentially

overburdening them.

The Resource Man, moreover, also applies to technology-derived flexibility. 104 critically
acknowledges that demand-side flexibility puts households in a position where they are
expected “to become a technology expert, an energy markets expert, even an expert on
energy tariffs, because there are energy tariffs that are getting much more difficult to
understand now” (personal communication, March 6, 2024). This is particularly challeng-
ing for those with a limited digital literacy such as elderly people since energy companies
increasingly communicate digitally with their customers. The Resource Man thus epito-
mizes the following injustice: Contributing to demand-side flexibility through either so-
cial or technological means might add a further concern to the daily life of households at
risk of energy poverty, bearing the risk of overburdening them. The notion of the Re-
source Man is thus a noteworthy consideration in the design of technologies and schemes,

for households at risk of energy poverty but also beyond that.
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6.3.9 The Social License to Automate

The last principle of the energy justice framework which was inductively derived is called
the social license to automate. The term originates from what has been coined a social
license to operate, used to describe the social requirements necessary to ensure the success
of and prevent resistance against projects which involve the restructuring of the natural
environment (Adams et al., 2021). Based on this concept, the social license to automate
acknowledges that users have an active participatory role in the automation of demand-
side management and are thus crucial for its successful development (Adams et al., 2021).
In the scope of this research, the term was used to operationalize the conditions which

constitute to households’ acceptance of the automation for demand-side flexibility.

The concept does not fully apply to the predominantly manual contributions of house-
holds at risk of energy poverty to demand-side flexibility in today’s energy system. How-
ever, it plays a central role for technology-derived flexibility which ultimately culminates
in technological automation and interoperability. In the context of this research, the social
license to automate addresses the extent to which households at risk of energy poverty
are willing to automate their demand-side flexibility once the access to respective tech-
nologies is given. If households grant said license, they are essentially open to disclose
their individual preferences in terms of electricity and heating to a third party who then
ensures that, considering these parameters, the household automatically provides flexi-

bility to the grid while benefitting from affordable energy prices.

Albeit the social license to automate includes a future component as the expansion of said
technologies is, particularly for households at risk of energy poverty, still in its early
stages and the formerly mentioned third parties are just entering the market, it is nonethe-
less a noteworthy aspect in today’s energy system to ensure that sources of resistance are
addressed in a preventive manner. In this context, the experts critically acknowledged that
households at risk of energy poverty might exhibit a stronger tendency to refuse granting
the social license to automate. There are various reasons for their reluctance, ranging from
surveillance and privacy concerns and limited awareness, to — first and foremost — the
currently limited access to such technologies. According to the interviewed experts, the

acceptance of automation is closely related to households’ exposure to them.

In other words, a positive experience with technologies for demand-side flexibility over
a prolonged period might contribute to the increase of trust which, in turn, contributes to
an increased willingness to grant the social license to automate. Closely in line with the
results of the spillover effects from the second sub-research question, this translates into
a further injustice, namely that the limited access of households at risk of energy poverty

to technologies for demand-side flexibility might result in their reluctance or resistance
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to grant the social license to automate. As previously stated, since the last four principles
were each associated with a single injustice, they are presented together in the following
table while drawing a connection to the second sub-research question. The last injustice
was directly identified based on the results of the second sub-research question and sum-
marizes the implications of the spillover effects for households at risk of energy poverty
on the energy transition in the long term. Given its fundamental character, the injustice
was not structured along a particular energy justice principle but instead serves as a con-
clusion to the energy justice decision-making framework. With that, the main research

question has been answered.

Table 6.6: Overview of Injustices summarized under the Principles of Responsibility,
Comfort, the Resource Man, the Social License to Automate, and the

Spillover Effects

Energy Justice Principle | Injustice

The installation of technologies for demand-side flexibil-
ity is often the responsibility of landlords and landladies
which might inhibit households at risk of energy poverty

Responsibility

to adjust them according to their own requirements and
operate them flexibly.

Due to their limited access to technologies for demand-
side flexibility, households at risk of energy poverty
might resort to socially-derived flexibility which is po-
tentially associated with discomfort, social isolation, and
the alteration or dismissal of households’ usual social

Comfort

practices (sub-research question 2).

Resource Man Contributing to demand-side flexibility through either so-
cial or technological means might add a further concern
to the daily life of households at risk of energy poverty,
bearing the risk of overburdening them.

Social license to automate | The limited access of households at risk of energy pov-
erty to technologies for demand-side flexibility might re-
sult in their reluctance or resistance to grant the social li-
cense to automate (sub-research question 2).

Sub-research question 2: The spillover effects associated with the adoption of technol-
ogies for demand-side flexibility might result in the structural exclusion of households
at risk of energy poverty with limited access to such technologies from the energy tran-
sition in the long term.
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7 Discussion

The previously presented findings encourage the critical exploration of further aspects in
the realm of the research background. Therefore, the following chapter addresses the
broader implications associated with the results of this paper while drawing a connection
to the scientific literature on which this research builds. Taking the energy justice deci-
sion-making framework literally, the chapter concludes with a proposal of solutions

through which the identified injustices might be tackled in a practice-oriented manner.

7.1 From the Results back to the Literature: A Synthesis

The results of the first sub-research question bore an overview of central characteristics
which contribute to households’ risk of energy poverty. These include their housing situ-
ation, where the social and particularly private rental sector increases the risk of energy
poverty. Furthermore, children, particularly single parenthood, the employment status,
limited knowledge about energy saving measures, as well as the existence of complex
personal problems and strokes of fate contribute to the risk of energy poverty. This also
applies to low-income households and those receiving social benefits. Lastly, the equip-
ment with energy inefficient household appliances as well as unemployment and retire-

ment represent frequent characteristics of households at risk of energy poverty.

These characteristics reflect on the existing body of scientific literature on energy poverty
in Germany from authors such as KOPATZ ET AL. (2010), TEWS (2013), GROBMANN
(2017), KAHLHEBER (2017), and, most recently, BODE (2022). Strikingly, the authors’
findings about the characteristics of households at risk of energy poverty over the years
still apply, to a substantial extent, in today’s energy system. Based on this, the first sub-
research question extends the German discourse around energy poverty by addressing the

topic from the perspective of demand-side flexibility.

Due to factors largely outside of their control such as the housing situation as well as their
limited financial ability to invest in technologies for demand-side flexibility, households
at risk of energy poverty have limited access to such technologies. These characteristics,
in turn, significantly limit their ability to contribute to demand-side flexibility. This leads
to a mutual interdependency; the characteristics of households at risk of energy poverty
limit their ability to contribute to demand-side flexibility, and their limited contribution
to demand-side flexibility might further exacerbate their risk of energy poverty. Based on
these insights, it was concluded that the contribution of households at risk of energy pov-
erty to demand-side flexibility is small. It was, however, recognized that a significant
proportion of these households still contributes to demand-side flexibility through so-

cially-derived flexibility as well as through digital technologies, if available.
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The second sub-research question investigated the spillover effects which are associated
with the access of households to technologies for demand-side flexibility on their energy
consumption behavior. Therefore, the online survey dedicated to answering this question
directly addressed households who already possess at least one such technology. The re-
sults of this question contributed to fundamental insights into the demographics of early
adopters of technologies for demand-side flexibility. These characteristics, particularly
their tendency to be rather affluent, reside in their own house with one other adult, ac-
companied by their control and agency over the implementation of technologies for de-
mand-side flexibility clearly demarcated them from households at risk of energy poverty.
This was also mirrored in their possession of, on average, five technologies for demand-

side flexibility.

Under consideration of these demographics, tendencies of significant spillover effects as-
sociated with the access of households to technologies for demand-side flexibility on their
energy consumption behavior were analyzed. In other words, the access to technologies
for demand-side flexibility resulted in households’ changes in their energy consumption,
increasing their understanding thereof, contributing to their personal comfort, and posi-
tively influencing their overall approach towards digital technologies. This trajectory
might have fundamental consequences for the long-term participation of households at
risk of energy poverty in the energy transition. Due to their limited access to technologies
for demand-side flexibility, these spillover effects do not apply for these households. This
might manifest itself in the progressing energy transition, structurally leaving parts of the
society behind. This thus represents a clear reasoning to decrease access barriers for
households at risk of energy poverty to technologies for demand-side flexibility despite
their comparatively limited contribution to demand-side flexibility. Apart from the asso-
ciated injustices on a household scale, this might also impede the energy transition in the
long term whose successful progress is, as outlined by authors such as DUTSCHKE ET AL.
(2019) and BOSCH & SCHMIDT (2020), dependent on social acceptance.

These characteristics as well as the identified spillover effects closely correspond and
further expand the conceptual assessment of POWELLS & FELL (2019) who state that more
affluent households with a comparatively higher flexibility capital experience opportuni-
ties to decrease their energy costs through technology-derived flexibility without the loss
of comfort. Furthermore, the dichotomy between households who already possess tech-
nologies for demand-side flexibility and those at risk of energy poverty exemplifies the
manifold distributional justice considerations the research touched upon. In the nexus of
the identified spillover effects, these considerations incorporate the distribution of ills as
well as the re-distribution of benefits. According to JENKINS ET AL. (2016), the latter en-
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compasses the unfair proliferation of benefits due to the energy transition. The re-distri-
bution of benefits is thus discernible in the spillover effects associated with the access to
technologies for demand-side flexibility such as increased comfort and energy saving.
The distribution of ills refers to the relatively higher costs those with a lower income are
potentially confronted with in the energy transition. Conversely, this notion is reflected
in the non-applicability of the spillover effects for households at risk of energy poverty

due to their limited access to technologies for demand-side flexibility.

The main research question provided a holistic overview of the injustices associated with
the current access of households at risk of energy poverty to technologies for demand-
side flexibility under incorporation of the two sub-research questions. The energy justice
decision-making framework by SOVACOOL ET AL. (2016) served as the theoretical frame-
work; operationalized for the research background, the energy justice principles func-
tioned as the basis for the identification of injustices. Through expanding, merging, and
omitting these principles accordingly, twenty injustices structured along ten energy jus-

tice principles were identified.

Despite their predominantly separate presentation, the principles demonstrate clear rela-
tions among them. Particularly the notion of affordability surpassed the first principle and
was included in the principles of transparency and accountability, as well as intergenera-
tional equity. Furthermore, the Resource Man as well as the social license to automate
have a clear future component to them. As such, both components belong in the sphere
of the principle of intergenerational equity. Moreover, the social license to automate rep-
resents a possible solution to the Resource Man. The automation of demand-side flexibil-
ity through technologies potentially decreases the burden the Resource Man faces in his
endeavor to contribute to demand-side flexibility. As has been further illustrated through
the merging of sustainability and intragenerational equity, the energy justice decision-
making framework leaves room for interpretation; some injustices touch upon multiple

principles whereas others build on each other.

Even though the energy justice decision-making framework was deployed as the theoret-
ical framework of this research, central aspects of the results coincide with the types of
energy justice outlined in the literature review, particularly the triumvirate of tenets. Since
the overarching topic of energy poverty is closely intertwined with the notion of distribu-
tional justice, the identified injustices homogenously exhibit characteristics of the first
tenet. Moreover, the distribution of ills closely reflects on the principle of affordability,
whereas the re-distribution of benefits is inherent, for instance, in the principle of inter-
generational equity where dynamic time-of-use tariffs might yield financial benefits for

households who are able to react to price signals.
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Frequently presented as the second tenet, recognition justice aims to identify those af-
fected by energy injustices, calling for respect and equal rights. Under the principles of
sustainability and intragenerational equity, it was analyzed that there are still stakeholders
in the German energy sector who do not fully recognize energy poverty as a structural
problem. In this context, the interviewed experts predominantly referred to stakeholders’
failure to acknowledge the existence of such a phenomenon which reflects on an injustice
conceptualized by JENKINS ET AL. (2016) as non-recognition. However, it also incorpo-
rated the notion of disrespect towards households at risk of energy poverty as experts
stated their experience of stakeholders’ opinion that energy poverty was merely rooted in
households’ uneconomic use of energy. In accordance with authors such as GALVIN
(2019), the applied framework also acknowledges the temporal dimension of energy jus-

tice, particularly through the principle of intergenerational equity.

As the last of the triumvirate of tenets, procedural justice is aimed at the provision of
strategies to tackle energy injustices. Albeit outside of the scope of the research questions,
the identification of injustices according to the energy justice decision-making framework
can serve as the foundation to develop such strategies. Using the energy justice decision-
making framework according to its title, the ensuing subchapter proposes potential solu-
tions based on the narrative of the identified injustices. Hence, while still incorporating
notions of the more abstract types of energy justice, particularly distributional, recogni-
tion, and procedural justice, the framework by SOVACOOL ET AL. (2016) enabled a more

holistic and practice-oriented approach towards energy justice.

7.2 From Energy Injustices to Decision-Making: A Way Forward

SOVACOOL ET AL. (2016) introduce the energy justice decision-making framework as a
tool to facilitate the discourse around energy injustices between researchers, practitioners,
and energy consumers. As evident through its title, said framework might serve as the
basis for the identification of decisions. Correspondingly, the ensuing subchapter pro-
poses potential solutions which are intended to address central injustices identified
through the framework. Through the interviews with experts from various backgrounds,
the discourse around injustices was frequently followed by recommendations to address
them. Therefore, applying a similar approach to the one presented by SOVACOOL &
DWORKIN (2015), this subchapter demonstrates the utilization of the narrative about in-
justices to derive solutions. Based on four chosen injustices, exemplary potential solu-
tions which were touched upon throughout the expert interviews are discussed hereinaf-
ter. For each of them, a time span has been granted to illustrate that the solutions partially

build on each other and depend on the gradual progress of the energy transition.
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The first injustice which serves as an example for the identification of solutions stems
from the second sub-research question and addresses the potential risk of structurally ex-
cluding households at risk of energy poverty from the energy transition due to the identi-
fied spillover effects. A potential solution thereof is the gradual introduction of said
households to technologies for demand-side flexibility through existing regional contact
points such as the consumer advice centers and the Stromspar-Check. Albeit they already
provide advice and energy-saving technologies free of charge for households at risk of
energy poverty, technologies for demand-side flexibility do not play a central role in their

projects yet.

Throughout the next years, technologies with small investment costs and without the re-
quirement of major installations which necessitate the involvement of landlords and land-
ladies, for instance smart plugs and smart thermostats, could be included in the portfolio
of the energy consultations. Thereby, the gradual access of interested households at risk
of energy poverty to such technologies can be facilitated which might result in positive
spillover effects on their energy consumption behavior and thus contribute to their par-

ticipation and inclusion in the energy transition.

Furthermore, it was analyzed that the current legislation Gesetz zum Neustart der Digi-
talisierung der Energiewende for the rollout of smart meters in Germany potentially ex-
cludes households at risk of energy poverty. This might inhibit them from adopting fur-
ther technologies for demand-side flexibility as well as corresponding energy tariffs in
the future. To address this injustice, the rollout of smart meters to smaller consumers
should be significantly accelerated, for instance by coupling the administration and im-

plementation to the Act for Renewable Heating (Wdirmeplanungsgesetz).

This is closely related to the third injustice that could be addressed right away but is as-
sociated with a long execution period, namely the thermally inefficient housing stock
which negatively influences households’ ability to contribute to demand-side flexibility.
The expansion of subsidy programs for the thermal insulation of the German building
stock represents a potential solution thereof. To ensure that these subsidies reach house-
holds at risk of energy poverty, the renovation of buildings with a particularly low thermal
efficiency should be prioritized. Simultaneously, these programs should be administered
in a way that grants renovators a level of financial security, preventing the premature

depletion of funding.

The last injustice used to spark discussions around energy justice considerations is asso-
ciated with the introduction of dynamic time-of-use tariffs. Since these tariffs are gradu-
ally entering the German energy system, it is anticipated that their introduction to house-

holds at risk of energy poverty will require a longer time horizon, particularly because
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the existence of a smart meter is a prerequisite. As previously elaborated, such tariffs are
associated with significant risks of penalizing households unable to adjust their energy
consumption accordingly. Therefore, the introduction of social tariffs represents a possi-
ble solution which might grant households at risk of energy poverty access to such inno-
vative tariffs while alleviating their energy costs. Following the recommendation of 107,
such social tariffs could be designed in a “progressive” manner. Depending on the house-
hold size and the thermal efficiency of the building, households are granted a particularly
cheap tariff rate which covers their basic energy needs. Once this fundamental threshold
is exceeded, the rate increases as households choose to consume energy beyond their
basic needs. Such a tariff could be designed under consideration of the energy efficiency
standards to account for the increased energy needs of poorly insulated buildings (S.
Thomas et al., 2021).

The following figure exemplifies the contextualization of such a progressive social tariff
through the size of the household and the energy efficiency rating. The grey dashed blocks
illustrate the social tariff rates for a household consisting of less members and living in a
more thermally efficient building than the household for which the white blocks would
apply. The first block represents the energy required to account for households’ basic
energy needs which is thus associated with the lowest energy price tariff; since the second

and third block surpass this threshold, progressively higher energy prices are employed.

Energy Price 4

Energy Consumption
Figure 7.1: Illustration of a “Progressive” Social Tariff

Against this background, Table 7.1 provides a summary of the previously discussed in-
justices and solutions including their anticipated time spans. Thereby, the potential of
using the energy justice decision-making framework to discuss solutions to energy injus-

tices among different stakeholders is illustrated.



Table 7.1: Overview of Selected Injustices and Potential Solutions
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pends on their access to technologies
for demand-side flexibility, dynamic
time-of-use tariffs might bear a dis-
proportionate risk of penalizing
households at risk of energy poverty.

the energy efficiency of build-
ings and the household compo-
sition.

Injustice Potential Solution Time Span
The spillover effects associated with | Gradually introduce house- Short-term
the adoption of technologies for de- | holds at risk of energy poverty
mand-side flexibility might result in | to technologies for demand-
the structural exclusion of house- side flexibility with small in-
holds at risk of energy poverty with | vestment costs such as smart
limited access to such technologies plugs and smart thermostats
from the energy transition in the long | through consumer advice cen-
term. ters and the Stromspar-Check.
The current German legislation for Accelerate the rollout of smart | Short- to
the rollout of smart meters as stipu- | meters to smaller consumers to | medium-
lated in the Gesetz zum Neustart der | pave the way for further tech- | term
Digitalisierung der Energiewende nologies for demand-side flexi-
bears the risk of structurally exclud- | bility by coupling it to the Act
ing households at risk of energy pov- | for Renewable Heating
erty which might impede them from | (Wéirmeplanungsgesetz).
adopting further technologies for de-
mand-side flexibility and innovative
energy tariffs in the future.
The rather thermally inefficient Expand subsidy programs for Short- to
housing stock of households at risk | the thermal insulation of old long-term
of energy might negatively affect housing stock across Germany
their ability to contribute to demand- | with the prioritization of partic-
side flexibility. ularly thermally inefficient

buildings. Administer pro-

grams in a way that ensures fi-

nancial security for renovators.
Because the ability of households to | Introduce “progressive” social | Medium- to
react to price signals partially de- tariffs under consideration of long-term
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8 Conclusion

Representing the final part of this paper, the following chapter briefly summarizes the
research findings before providing an outline of the result’s transferability into other con-
texts. Central limitations as well as associated further avenues of research constitute the

end of this paper.

8.1 Summary

This paper’s research goal was to expand the discourse around the injustices associated
with the current access of households at risk of energy poverty to demand-side flexibility
in the context of Germany. To support energy decision-making among different stake-
holders, these injustices were intended to be multifaceted, empirical, and future-oriented.
The first step thereof was to broaden the currently scarce academic discourse on energy
poverty by outlining the contribution of households at risk of energy poverty to demand-
side flexibility in Germany. Furthermore, to identify potential injustices in the longer
term, the research intended to assess the spillover effects on households’ energy con-

sumption behavior associated with the access to technologies for demand-side flexibility.

Therefore, two sub-research questions and a main research question were formulated. The
first sub-research question addressed the contribution of households at risk of energy pov-
erty to demand-side flexibility. Despite the lack of insights from households at risk of
energy poverty themselves, the interviewed experts granted a comprehensive answer to
this question. Therefore, central household characteristics which contribute to the risk of
energy poverty were outlined first. Based on these characteristics, it became evident that
the contribution of these households to demand-side flexibility is limited, mainly due to
factors outside of the households’ control. One of these factors is their limited access to
technologies for demand-side flexibility. Simultaneously, the mutual interdependency
among households’ limited contribution to demand-side flexibility and the risk of energy

poverty was illustrated.

The second sub-research question addressed the spillover effects associated with the ac-
cess of households to technologies for demand-side flexibility on their energy consump-
tion behavior. This question was primarily answered through a quantitative online survey
and triangulated with statements from the expert interviews. Based on their assessment
and 133 survey responses, it was concluded that the access to technologies for demand-
side flexibility tends to yield significant spillover effects on households’ energy consump-
tion behavior. The access to technologies for demand-side flexibility positively influences
households’ understanding of their energy consumption, facilitates the saving of energy

costs, and is associated with further considerations to adopt additional technologies for
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demand-side flexibility and digital technologies in general. The results also indicated that
the adoption of technologies for demand-side flexibility contributes to increased openness

for technological automation as well as comfort and control for household members.

Interpreting these spillover effects in reverse enabled the identification of potential injus-
tices which might influence the participation of households at risk of energy poverty in
the energy transition in the long term. For households at risk of energy poverty with lim-
ited access to such technologies, this might entail a decreased ability to gain insights into
their energy consumption patterns, potentially resulting in less opportunities to save en-
ergy costs. Their limited access might lead to decreased comfort for household members
and an increased reluctance to adopt technologies for demand-side flexibility and digital
technologies in general. In the longer term, this is associated with the fundamental injus-
tice that households at risk of energy poverty might bypass the energy transition alto-
gether.

Under incorporation of the results from the two sub-research questions, the main research
question was targeted at the identification of injustices associated with the current access
of households at risk of energy poverty to technologies for demand-side flexibility. The
injustices were structured along the energy justice principles of affordability, availability,
transparency and accountability, sustainability and intragenerational equity which were
addressed together, intergenerational equity, responsibility, as well as the three added
principles of comfort, the Resource Man, and the social license to automate. These prin-
ciples were derived on the basis of the energy justice framework by SOVACOOL ET AL.
(2016) whose flexible character not only facilitated the framing of each principle accord-
ing to the research background, but it also gave room to expand and omit principles, ulti-
mately resulting in the identification of twenty injustices. Eighteen of these injustices
were structured along the ten energy justice principles. The remaining two injustices were
not directly allocated to a principle. Instead, the first one, identified through the first sub-
research question, serves as a prelude for the identification of further injustices. The final
injustice, derived from the results of the second sub-research question, acts as a summary
for the previous injustices as it alludes to the repercussions associated with the limited
access to technologies for demand-side flexibility and the participation of households at

risk of energy poverty in the energy transition in the long term.

The identification of potential solutions to tackle energy injustices through practice-ori-
ented solutions prompts a discussion about the relevance of the obtained results as well
as their transferability to other contexts. The research findings are particularly relevant to

address the social implications of the energy transition. It was illustrated that energy pov-
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erty represents a structural and still rather overlooked problem of which certain house-
holds in Germany are more affected than others. In this context, the introduction of tech-
nologies for demand-side flexibility is associated with opportunities, but also risks.
Hereby, the findings illustrated that the decisions taken by stakeholders such as the gov-
ernment, the private sector, but also landlords and landladies might yield unanticipated
results which bear the risk of putting disparate burdens on parts of society. As such, it
sensitizes decision makers to consider the outcomes of choices made in the context of the
energy transition which might differ significantly among social groups. Furthermore, the
research sheds light on the injustices which resulted from decisions around the German
Energiewende in the past and might result from it in the future. Thereby, it paved the way
for the identification of solutions to alleviate injustices and ensure social inclusion
throughout the energy transition. Since demand-side flexibility on the household level is
a gradually developing, albeit already significant, topic within the German energy transi-
tion, the obtained results can thus be equally used for reflections on past decisions while

also serving to influence future policies in the realm of the Energiewende.

Apart from the previously outlined practical relevance, the research contributed to the
academic discourse at the intersection of energy justice, digital technologies, and energy
poverty. The paper outlined central characteristics which influence households’ risk of
energy poverty, acknowledging that the limited contribution to demand-side flexibility
might further exacerbate said risk. Thereby, it enhanced the scarce literature on energy
poverty in the German context. The research significantly drew on the research gap on
energy poverty and demand-side flexibility from an energy justice perspective in the ac-
ademic literature. Correspondingly, the findings significantly widened the discourse
around energy injustices associated with households at risk of energy poverty by drawing
attention to the structural obstacles with which they are confronted in the realm of tech-
nologies for demand-side flexibility. Moreover, the identified spillover effects yielded
fundamental, previously underexplored insights into potential long-term effects associ-
ated with the access of households to technologies for demand-side flexibility on the en-
ergy transition. It was thus concluded that the three research questions were holistically

answered and the research goal was met.

8.2 Beyond the German Energiewende

A critical deliberation on the transferability and generalizability of the research findings
necessitates a brief reflection on the German energy transition. The studied case is char-
acterized by the federal structure in which states and municipalities significantly shape
the decisions around the energy transition. Supranational organizations, particularly the

European Union, represent a further influence on the Energiewende. The German energy
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transition is, furthermore, comparatively far advanced. This illustrates that countries’ en-
ergy transitions might significantly differ among countries as their development is influ-
enced by a plethora of factors. Yet, this does not imply that the research findings are
merely applicable for Germany. Rather, the careful consideration of country-specific pe-
culiarities, among them their political, economic, administrative, and cultural back-
ground, but also their climate and housing infrastructure, as well as the influence of su-
pranational organizations enables, to an extent, the transfer of the obtained results to other

countries.

Against this background, it is anticipated that the findings of the first sub-research ques-
tion which shed light on characteristics of households at risk of energy poverty and their
contribution to demand-side flexibility largely apply for other countries, as well. The
same is expected for the second sub-research question targeted at the identification of
spillover effects associated with the access to technologies for demand-side flexibility on
households’ energy consumption behavior. While certain injustices summarized under
the main research question such as the one associated with the German smart meter rollout
are case-specific, it is assumed that the majority of identified injustices can serve as a
foundation to enable discussions around energy justice and demand-side flexibility in
other countries, particularly European ones whose energy transition has advanced to a

similar degree as the German Energiewende.

8.3 Limitations and Further Avenues of Research

Lastly, an overview of the limitations associated with this research permits the identifi-
cation of further avenues of scientific work. A central limitation of this research is the
lack of direct insights from households at risk of energy poverty. It has been concluded
that reaching this demographic is accompanied by central barriers, ranging from busy
lifestyles, the comparatively infrequent use of social media platforms, particularly Face-
book groups and Instagram pages, to people’s hesitancy to share personal insights due to
perceived bias in the realm of poverty. The perceptions from households at risk of energy
poverty might have enriched the results of this paper substantially. Yet, instead of per-
ceiving it as a mere limitation, it serves as an invitation for future researchers to directly
address said households and expand the scientific discussion around energy poverty and
demand-side flexibility. Suitable methodologies include, but are not limited to, semi-

structured interviews, online surveys, and focus groups.

Furthermore, the identification of central characteristics which contribute to households’
risk of energy poverty illustrates that certain groups of society are more at risk than others,
for instance single parents, the elderly, or people with a migration background. With that,

however, the potential scope of vulnerable social groups which should receive particular
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attention in the energy transition is not exhausted. This highlights two further areas of
research. On the one hand, future researchers could focus on a particular social group at
risk of energy poverty to assess whether the identified injustices apply. On the other hand,
it might serve as a foundation to determine additional sections of society which were
overlooked in this research but might be negatively affected by the expansion of technol-
ogies for demand-side flexibility. One such vulnerable group which remained fully un-
considered are chronically ill people whose perspective might enhance the scientific dis-

course around energy justice significantly.

Moreover, the results of the second sub-research question under consideration of the tar-
geted social group yields room for further considerations. Addressing households who
already possessed technologies for demand-side flexibility resulted in the identification
of a particular demographic. Hence, despite acquiring 133 responses from participants all
over Germany, the results are not representative. Due to this, it remains unclear to which
extent the results are transferable among other groups of society. In other words, the sur-
vey does not grant insights into the degree to which these spillover effects are influenced
by participants’ tech-savvy character and positive approach towards digital technologies
which might be assessed through further scientific studies. This also entails that the in-
justices associated with the current access of households at risk of energy poverty to tech-
nologies for demand-side flexibility consolidated under the main research question are
not exhaustive. Rather, it is assumed that the results of the main research question do not
encompass all injustices households at risk of energy poverty face in this context. Thus,
future researchers are encouraged to examine the research topic further, for instance

through an adjusted methodology or in a different context.

An additional consideration in this nexus which could be the focus of an entire study is
whether the solutions which were recommended in the previous chapter to address the
injustices might result in further injustices itself. As SOVACOOL ET AL. (2017)
acknowledge, “[s]ometimes or perhaps even often, energy justice issues do not exist in
black or white — there is no single, or even identifiable, immediate “winner”[,] nor an
immediate, discernable “loser”[.] Instead, there are bundles or constellations of winners
and losers, and even “pro-justice” interventions can create some type of inequality, even
when they offer net societal benefits” (p. 684). This entails that potential solutions which
were designed to address injustices potentially result in a trade-off; while they might solve
an injustice for a certain part of society, they might deepen one for another. This calls for
further practice-oriented research to fully comprehend these injustice trade-offs between

solutions.
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Finally, the findings should be understood against the energy transition by the time the
research was conducted. The intersection of energy justice and demand-side flexibility
was addressed while associated technologies and innovative tariffs were still gaining mo-
mentum in Germany. Thus, as illustrated through principles such as intergenerational eq-
uity and the social license to automate, the research exhibited a central future component.
Amidst the increasing establishment of technologies for demand-side flexibility as well
as the corresponding tariffs among German households, the research findings could be
revisited and validated. This should encourage researchers to frequently address emerging

justice considerations against the progressing energy transition.

Throughout this paper, the perspective of energy justice was applied to assess whether
technologies for demand-side flexibility constitute to a just energy transition for every
household in Germany alike. As such, energy justice scholarship surpasses beyond the
mere technical sphere of the energy transition. While acknowledging that technologies
for demand-side flexibility contribute to overall system balance, it challenges whether
this ultimately suffices to ensure equality. By focusing on sections of the society who
might be negatively affected by the energy transition, energy justice appeals for a multi-
faceted, critical investigation of phenomena by which this trajectory is accompanied, such
as technologies for demand-side flexibility. The latter potentially confronts households
with benefits but also burdens previously unknown. As households’ ability to participate
in the increasingly digitalized energy transition is determined by their access to technol-
ogies for demand-side flexibility, this paper invites decision makers to incorporate no-
tions of energy justice into the design and implementation of policies, digital technolo-

gies, and energy tariffs.



82

Declaration of Authorship

I hereby declare that, to the best of my knowledge and belief, this Master Thesis titled
“Technologies for Demand-Side Flexibility Within a Just Energy Transition: A German
Energy Poverty Perspective” is my own work. I confirm that each significant contribution
to and quotation in this thesis that originates from the work or works of others is indicated

by proper use of citation and references.

Karlsruhe, 05 June 2024

Leonie Malin Schneider



&3

Consent Form

for the use of plagiarism detection software to check my thesis

Name: Schneider

Given Name: Leonie Malin

Student number: 541328

Course of Study: Public Sector Innovation and eGovernance

Address: Morschstrafle 24, 67165 Waldsee

Title of the thesis: Technologies for Demand-Side Flexibility Within a Just Energy

Transition: A German Energy Poverty Perspective

What is plagiarism? Plagiarism is defined as submitting someone else’s work or ideas
as your own without a complete indication of the source. It is hereby irrelevant whether
the work of others is copied word by word without acknowledgment of the source, text
structures (e.g. line of argumentation or outline) are borrowed or texts are translated from
a foreign language.

Use of plagiarism detection software. The examination office uses plagiarism software
to check each submitted bachelor and master thesis for plagiarism. For that purpose the
thesis is electronically forwarded to a software service provider where the software
checks for potential matches between the submitted work and work from other sources.
For future comparisons with other theses, your thesis will be permanently stored in a
database. Only the School of Business and Economics of the University of Miinster is
allowed to access your stored thesis. The student agrees that his or her thesis may be
stored and reproduced only for the purpose of plagiarism assessment. The first examiner
of the thesis will be advised on the outcome of the plagiarism assessment.

Sanctions. Each case of plagiarism constitutes an attempt to deceive in terms of the ex-
amination regulations and will lead to the thesis being graded as “failed”. This will be
communicated to the examination office where your case will be documented. In the
event of a serious case of deception the examinee can be generally excluded from any
further examination. This can lead to the exmatriculation of the student. Even after com-
pletion of the examination procedure and graduation from university, plagiarism can re-
sult in a withdrawal of the awarded academic degree.

I confirm that I have read and understood the information in this document. I agree to the
outlined procedure for plagiarism assessment and potential sanctioning.

Karlsruhe, 05 June 2024

Leonie Malin Schneider



84

References

Adams, S., Kuch, D., Diamond, L., Frohlich, P., Henriksen, I. M., Katzeff, C., Ryghaug,
M., & Yilmaz, S. (2021). Social license to automate: A critical review of emerg-
ing approaches to electricity demand management. Energy Research & Social
Science, 80, 102210. https://doi.org/10.1016/j.erss.2021.102210

Aduda, K. O., Labeodan, T., Zeiler, W., Boxem, G., & Zhao, Y. (2016). Demand side
flexibility: Potentials and building performance implications. Sustainable Cities
and Society, 22, 146—163.

Ahmad, T., & Zhang, D. (2021). Using the internet of things in smart energy systems
and networks. Sustainable Cities and Society, 68, 102783.
https://doi.org/10.1016/j.s¢s.2021.102783

AL-Jumaili, A. H. A., Muniyandi, R. C., Hasan, M. K., Paw, J. K. S., & Singh, M. J.
(2023). Big data analytics using cloud computing based frameworks for power
management systems: Status, constraints, and future recommendations. Sensors,
23(6), Article 6. https://doi.org/10.3390/523062952

Alshengeeti, H. (2014). Interviewing as a data collection method: A critical review.
English Linguistics Research, 3(1), p39. https://doi.org/10.5430/elr.v3nlp39

Andoni, M., Robu, V., Flynn, D., Abram, S., Geach, D., Jenkins, D., McCallum, P., &
Peacock, A. (2019). Blockchain technology in the energy sector: A systematic
review of challenges and opportunities. Renewable and Sustainable Energy Re-
views, 100, 143—174. https://doi.org/10.1016/j.rser.2018.10.014

Baek, J., Vu, Q. H,, Liu, J. K., Huang, X., & Xiang, Y. (2015). A secure cloud compu-
ting based framework for big data information management of smart grid. /EEE
Transactions on Cloud Computing, 3(2), 233-244.

https://doi.org/10.1109/TCC.2014.2359460



&5

Bartiaux, F., Vandeschrick, C., Moezzi, M., & Frogneux, N. (2018). Energy justice, un-
equal access to affordable warmth, and capability deprivation: A quantitative
analysis for Belgium. Applied Energy, 225, 1219—-1233.

Baskarada, S., & Koronios, A. (2018). A philosophical discussion of qualitative, quanti-
tative, and mixed methods research in social science. Qualitative Research Jour-
nal, 18(1), 2-21.

Bayindir, R., Colak, 1., Fulli, G., & Demirtas, K. (2016). Smart grid technologies and
applications. Renewable and Sustainable Energy Reviews, 66, 499-516.
https://doi.org/10.1016/j.rser.2016.08.002

Bell, D., & Rowe, F. (2012). Are climate policies fairly made? York: Joseph Rowntree
Foundation.

Bellocchi, S., Manno, M., Noussan, M., Prina, M. G., & Vellini, M. (2020). Electrifica-
tion of transport and residential heating sectors in support of renewable penetra-
tion: Scenarios for the Italian energy system. Energy, 196, 117062.

Berger, M. L., & Doban, V. (2014). Big data, advanced analytics and the future of com-
parative effectiveness research. Journal of Comparative Effectiveness Research,
3(2), 167-176. https://doi.org/10.2217/cer.14.2

Biewen, M., & Juhasz, A. (2017). Direct estimation of equivalence scales and more evi-
dence on independence of base. Oxford Bulletin of Economics and Statistics,
79(5), 875-905. https://doi.org/10.1111/obes.12166

Bilgen, S. (2014). Structure and environmental impact of global energy consumption.
Renewable and Sustainable Energy Reviews, 38, 890-902.
https://doi.org/10.1016/j.rser.2014.07.004

Bode, A. (2022). To what extent can community energy mitigate energy poverty in Ger-

many? Frontiers in Sustainable Cities, 4, 1005065.



86

Bosch, S., & Schmidt, M. (2020). Wonderland of technology? How energy landscapes
reveal inequalities and injustices of the German Energiewende. Energy Research
& Social Science, 70, 101733. https://doi.org/10.1016/j.erss.2020.101733

Bose, B. K. (2017). Artificial intelligence techniques in smart grid and renewable en-
ergy systems—some example applications. Proceedings of the IEEE, 105(11),
2262-2273. https://doi.org/10.1109/JPROC.2017.2756596

Bouzarovski, S., & Simcock, N. (2017). Spatializing energy justice. Energy Policy, 107,
640—-648. https://doi.org/10.1016/j.enpol.2017.03.064

Bowling, A., & Ebrahim, S. (2005). Quantitative social science: The survey. Handbook
of Health Research Methods: Investigation, Measurement and Analysis, 190—
214.

Brannen, J. (2005). Mixing methods: The entry of qualitative and quantitative ap-
proaches into the research process. International Journal of Social Research
Methodology, 8(3), 173—184. https://doi.org/10.1080/13645570500154642

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Re-
search in Psychology, 3(2), 77-101.
https://doi.org/10.1191/1478088706qp0630a

Bullard, R. D. (1996). Environmental justice: it’s more than waste facility siting. Social
Science Quarterly, 77(3), 493-499.

Bundesministerium fiir Wohnen, Stadtentwicklung und Bauwesen. (2023). Kommunale
Wiérmeplanung. Bundesministerium fiir Wohnen, Stadtentwicklung und Bauwe-
sen. https://www.bmwsb.bund.de/Webs/BMW SB/DE/themen/stadt-woh-
nen/WPG/WPG-node.html;jsessio-

nid=A27FF58E15355F7AF475375241611766.live882



87

Bundesnetzagentur. (2024). Entlastungen bei Energiepreisen. https://www.bundesnetza-
gentur.de/DE/Vportal/Energie/EnergiepreiseSpezial/start.html

Bundesverband der Energie- und Wasserwirtschaft. (2016). Die Digitale Energiewirt-
schaft—Agenda Fiir Unternehmen und Politik. Press center of the Bundesver-
band der Energie- und Wasserwirtschaft: Berlin, Germany.

Campbell, J. L., Quincy, C., Osserman, J., & Pedersen, O. K. (2013). Coding in-depth
semistructured interviews: Problems of unitization and intercoder reliability and
agreement. Sociological Methods & Research, 42(3), 294-320.
https://doi.org/10.1177/0049124113500475

Carley, S., & Konisky, D. M. (2020). The justice and equity implications of the clean
energy transition. Nature Energy, 5(8), 569-577.

Clarke, V., & Braun, V. (2013). Successful qualitative research: A practical guide for
beginners. https://www.torrossa.com/gs/resourceProxy?an=5017629&pub-
lisher=FZ7200

Clarke, V., & Braun, V. (2017). Thematic analysis. The Journal of Positive Psychology,
12(3), 297-298. https://doi.org/10.1080/17439760.2016.1262613

Creswell, J. W. (1999). Chapter 18 - mixed-method research: Introduction and applica-
tion. In G. J. Cizek (Ed.), Handbook of Educational Policy (pp. 455—472). Aca-
demic Press. https://doi.org/10.1016/B978-012174698-8/50045-X

Crippa, M., Guizzardi, D., Banja, M., Solazzo, E., & Muntean, M. (2021). Emissions
database for global atmospheric research. https://publications.jrc.ec.eu-
ropa.eu/repository/handle/JRC131066

De Matteis, A. (2019). Decomposing the anthropogenic causes of climate change. Envi-
ronment, Development and Sustainability, 21(1), 165-179.

https://doi.org/10.1007/s10668-017-0028-4



88

D’Ettorre, F., Banaei, M., Ebrahimy, R., Pourmousavi, S. A., Blomgren, E. M. V.,
Kowalski, J., Bohdanowicz, Z., Lopaciuk-Gonczaryk, B., Biele, C., & Madsen,
H. (2022). Exploiting demand-side flexibility: State-of-the-art, open issues and
social perspective. Renewable and Sustainable Energy Reviews, 165, 112605.
https://doi.org/10.1016/j.rser.2022.112605

Deutscher Bundestag. (2012). Energiearmut erkennen und Lésungen anbieten. Antwort
der Bundesregierung auf die Kleine Anfrage der Abgeordneten Bérbel Hohn,
Markus Kurth, Daniela Wagner, weiterer Abgeordneter und der Fraktion
BUNDNIS90/DIE GRUNEN. https://dserver.bundes-
tag.de/btd/17/105/1710582.pdf

Diekmann, J., Breitschopf, B., & Lehr, U. (2015). Politische Optionen zur Verminde-
rung von Verteilungswirkungen der EEG-Umlage.

Dogan, E., & Seker, F. (2016). Determinants of CO2 emissions in the European Union:
The role of renewable and non-renewable energy. Renewable Energy, 94, 429—
439. https://doi.org/10.1016/j.renene.2016.03.078

Diitschke, E., Bogel, P., Choi, S.-M., Globisch, J., & Burghard, U. (2019). Soziale Ak-
zeptanz als erweitertes Verstandnis des Akzeptanzbegriffs — eine Bestimmung
der Akteure fiir den Prozess der Energiewende. In C. Fraune, M. Knodt, S. Golz,
& K. Langer (Eds.), Akzeptanz und politische Partizipation in der Energietrans-
formation (pp. 211-230). Springer Fachmedien Wiesbaden.
https://doi.org/10.1007/978-3-658-24760-7 10

Dutta, G., & Mitra, K. (2017). A literature review on dynamic pricing of electricity.
Journal of the Operational Research Society, 68(10), 1131-1145.
https://doi.org/10.1057/s41274-016-0149-4

Energy Institute. (2023). Statistical review of world energy.



89

Eurostat. (2024). Elektrizitatspreise fiir Haushalte in Europa nach Landern 2023.
https://de.statista.com/statistik/daten/studie/197196/umfrage/elektrizitaetspreise-
ausgewaehlter-europaeischer-laender/

Falkner, R. (2016). The Paris Agreement and the new logic of international climate pol-
itics. International Affairs, 92(5), 1107-1125.

Figueroa, R. M. (2022). Environmental justice. In The Routledge Companion to Envi-
ronmental Ethics (pp. 767-782). Routledge. https://www.taylorfran-
cis.com/chapters/edit/10.4324/9781315768090-75/environmental-justice-robert-
melchior-figueroa

Galvin, R. (2019). What does it mean to make a moral claim? A Wittgensteinian ap-
proach to energy justice. Energy Research & Social Science, 54, 176—184.

Gegner, M. (2023). Die Akzeptanz gesetzlicher Initiativen zur Energiewende: Das Bei-
spiel" Gesetz zum Neustart der Digitalisierung der Energiewende".
https://www.ssoar.info/ssoar/handle/document/91113

Gillich, A., Brand, H., Schmidt, T., & Hufendiek, K. (2024). Die Schliisselrolle von Fle-
xibilitdt im Stromsystem 2030: Nutzenanalyse und kritische Flex-Technologien.
https://publications.pik-potsdam.de/pubman/faces/ViewltemOver-
viewPage.jsp?itemld=item 29603

Gleue, M., Unterberg, J., Loschel, A., & Griinewald, P. (2021). Does demand-side flexi-
bility reduce emissions? Exploring the social acceptability of demand manage-
ment in Germany and Great Britain. Energy Research & Social Science, 82,
102290. https://doi.org/10.1016/j.erss.2021.102290

Gliner, J. A. (1994). Reviewing qualitative research: Proposed criteria for fairness and
rigor. The Occupational Therapy Journal of Research, 14(2), 78-92.

https://doi.org/10.1177/153944929401400202



90

Gorlach, J. (2023, October 19). CO.-Preis fiir Verkehr und Gebdude: Ein sozialvertrag-
licher Ubergang zum EU-Emissionshandel. https://www.agora-energie-
wende.de/fileadmin/Projekte/2023/2023-26 DE BEH ETS 11/2023-10-

19 PM_ETSII Agora Energiewende.pdf

GroBmann, K. (2017). Energiearmut als multiple Deprivation vor dem Hintergrund dis-
kriminierender Systeme. In K. GroBmann, A. Schaffrin, & C. Smigiel (Eds.),
Energie und soziale Ungleichheit (pp. 55—78). Springer Fachmedien Wiesbaden.
https://doi.org/10.1007/978-3-658-11723-8 2

Guba, E. G., & Lincoln, Y. S. (2005). Paradigmatic controversies, contradictions, and
emerging confluences. https://psycnet.apa.org/record/2005-07735-008

Hallgren, K. A. (2012). Computing inter-rater reliability for observational data: An
overview and tutorial. Tutorials in Quantitative Methods for Psychology, 8(1),
23.

Harvey-Jordan, S., & Long, S. (2001). The process and the pitfalls of semi-structured
interviews. Community Practitioner, 74(6), 219.

Haseeb, K., Almogren, A., Islam, N., Ud Din, L., & Jan, Z. (2019). An energy-efficient
and secure routing protocol for intrusion avoidance in IoT-based WSN. Ener-
gies, 12(21), Article 21. https://doi.org/10.3390/en12214174

Heffron, R. J., & McCauley, D. (2017). The concept of energy justice across the disci-
plines. Energy Policy, 105, 658—667.

Heindl, P. (2015). Measuring fuel poverty: General considerations and application to
German household data. FinanzArchiv/Public Finance Analysis, 178-215.

Hellmuth, N., & Jakobs, E.-M. (2020). Informiertheit und Datenschutz beim Smart Me-
tering. Zeitschrift fiir Energiewirtschaft, 44(1), 15-29.

https://doi.org/10.1007/s12398-020-00269-7



91

Hillerbrand, R., Milchram, C., & Schippl, J. (2021). Using the Capability Approach as a
normative perspective on energy justice: Insights from two case studies on digi-
talisation in the energy sector. Journal of Human Development and Capabilities,
22(2), 336-359. https://doi.org/10.1080/19452829.2021.1901672

Hofer, T., Sunak, Y., Siddique, H., & Madlener, R. (2016). Wind farm siting using a
spatial Analytic Hierarchy Process approach: A case study of the Stddteregion
Aachen. Applied Energy, 163, 222-243. https://doi.org/10.1016/j.apen-
ergy.2015.10.138

Hossein Motlagh, N., Mohammadrezaei, M., Hunt, J., & Zakeri, B. (2020). Internet of
Things (IoT) and the energy sector. Energies, 13(2), Article 2.
https://doi.org/10.3390/en13020494

Jalas, M., & Numminen, S. (2022). Prime-time access for whom? Rhythms fairness and
the dynamic pricing of infrastructure services. Local Environment, 27(10-11),
1355-1371. https://doi.org/10.1080/13549839.2022.2040468

Jamsen, J., & Corley, K. (2007). E-survey methodology. In Handbook of research on
electronic surveys and measurements (pp. 1-8). IGI Global. https://www.igi-
global.com/chapter/survey-methodology/20212

Jenkins, K., McCauley, D., Heffron, R., Stephan, H., & Rehner, R. (2016). Energy jus-
tice: A conceptual review. Energy Research & Social Science, 11, 174—182.

Jones, B. R., Sovacool, B. K., & Sidortsov, R. V. (2015). Making the ethical and philo-
sophical case for “energy justice”. Environmental Ethics, 37(2), 145—-168.
https://doi.org/10.5840/enviroethics201537215

Kahlheber, A. (2017). Spielrdume am Limit. In K. GroBmann, A. Schaffrin, & C.
Smigiel (Eds.), Energie und soziale Ungleichheit (pp. 209-238). Springer Fach-

medien Wiesbaden. https://doi.org/10.1007/978-3-658-11723-8 8



92

Kaiser, R. (2014). Qualitative Experteninterviews: Konzeptionelle Grundlagen und
praktische Durchfithrung. Springer Fachmedien Wiesbaden.
https://doi.org/10.1007/978-3-658-30255-9

Kallio, H., Pietild, A.-M., Johnson, M., & Kangasniemi, M. (2016). Systematic method-
ological review: Developing a framework for a qualitative semi-structured inter-
view guide. Journal of Advanced Nursing, 72(12), 2954-2965.
https://doi.org/10.1111/jan.13031

Kirli, D., Couraud, B., Robu, V., Salgado-Bravo, M., Norbu, S., Andoni, M., Antono-
poulos, 1., Negrete-Pincetic, M., Flynn, D., & Kiprakis, A. (2022). Smart con-
tracts in energy systems: A systematic review of fundamental approaches and
implementations. Renewable and Sustainable Energy Reviews, 158, 112013.
https://doi.org/10.1016/j.rser.2021.112013

Knirsch, F., Unterweger, A., & Engel, D. (2018). Privacy-preserving blockchain-based
electric vehicle charging with dynamic tariff decisions. Computer Science - Re-
search and Development, 33(1-2), 71-79. https://doi.org/10.1007/s00450-017-
0348-5

Kolbe, R. H., & Burnett, M. S. (1991). Content-analysis research: An examination of
applications with directives for improving research reliability and objectivity.
Journal of Consumer Research, 18(2), 243-250.

Kopatz, M., Spitzer, M., & Christanell, A. (2010). Energiearmut: Stand der Forschung,
nationale Programme und regionale Modellprojekte in Deutschland, Osterreich
und GroBbritannien (Vol. 184). Wuppertal Institut fiir Klima, Umwelt, Energie.

https://epub.wupperinst.org/frontdoor/index/index/docld/3606



93

Kiifeoglu, S., Liu, G., Anaya, K., & Pollitt, M. G. (2019). Digitalisation and new busi-
ness models in energy sector. Energy Policy Research Group, University of
Cambridge. https://www.jstor.org/stable/resrep30431

Lampropoulos, 1., Kling, W. L., Ribeiro, P. F., & van den Berg, J. (2013). History of de-
mand side management and classification of demand response control schemes.
2013 IEEE Power & Energy Society General Meeting, 1-5.
https://doi.org/10.1109/PESMG.2013.6672715

Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for cate-
gorical data. Biometrics, 159—174.

Lawrence Neuman, W. (2014). Social research methods: Qualitative and quantitative
approaches. Pearson.
http://74.208.36.141:8080/jspui/bitstream/123456789/167/1/Social%20Rese-
arch%20Methods%20%28Eng%29%205MB%282%29.pdf

Lutz, C., & Breitschopf, B. (2016). Systematisierung der gesamtwirtschaftlichen Effekte
und Verteilungswirkungen der Energiewende.

Lyu, W., & Liu, J. (2021). Artificial Intelligence and emerging digital technologies in
the energy sector. Applied Energy, 303, 117615. https://doi.org/10.1016/j.apen-
ergy.2021.117615

Machorro-Cano, 1., Alor-Hernandez, G., Paredes-Valverde, M. A., Rodriguez-Mazahua,
L., Sanchez-Cervantes, J. L., & Olmedo-Aguirre, J. O. (2020). HEMS-IoT: A
big data and machine learning-based smart home system for energy saving.
Energies, 13(5), 1097.

Mai, M. (2018). Die Energiewende als Herausforderung der Zivilgesellschaft — gesamt-

gesellschaftlicher Konsens und partikulare Interessen. In L. Holstenkamp & J.



94

Radtke (Eds.), Handbuch Energiewende und Partizipation (pp. 227-239).
Springer Fachmedien. https://doi.org/10.1007/978-3-658-09416-4 14

McCauley, D. (2018). Global energy justice. In D. McCauley (Ed.), Energy Justice: Re-
Balancing the Trilemma of Security, Poverty and Climate Change (pp. 1-26).
Springer International Publishing. https://doi.org/10.1007/978-3-319-62494-5 1

McCauley, D. A., Heffron, R. J., Stephan, H., & Jenkins, K. (2013). Advancing energy
justice: The triumvirate of tenets. International Energy Law Review, 32(3), 107—
110.

McCauley, D., Ramasar, V., Heffron, R. J., Sovacool, B. K., Mebratu, D., & Mundaca,
L. (2019). Energy justice in the transition to low carbon energy systems: Explor-
ing key themes in interdisciplinary research. Applied Energy, 233—-234,916—
921. https://doi.org/10.1016/j.apenergy.2018.10.005

Milchram, C., Hillerbrand, R., van de Kaa, G., Doorn, N., & Kiinneke, R. (2018). En-
ergy justice and smart grid systems: Evidence from the Netherlands and the
United Kingdom. Applied Energy, 229, 1244—1259.
https://doi.org/10.1016/j.apenergy.2018.08.053

Milchram, C., Kiinneke, R., Doorn, N., van de Kaa, G., & Hillerbrand, R. (2020). De-
signing for justice in electricity systems: A comparison of smart grid experi-
ments in the Netherlands. Energy Policy, 147, 111720.
https://doi.org/10.1016/j.enpol.2020.111720

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded
sourcebook. sage. https://books.google.com/books?hl=en&Ir=&id=U41U_-
wISQEC&oi=tnd&pg=PR12&dq=Miles+and+Huber-

man+(1994)&ots=kGTFZGTSOW &sig=W97-vGJ-s0skdGtSMhR51rT_Jh8



95

Mohai, P., Pellow, D., & Roberts, J. (2009). Environmental justice. Annual Review of
Environment and Resources, 34. https://doi.org/10.1146/annurev-environ-
082508-094348

Nicolson, M. L., Fell, M. J., & Huebner, G. M. (2018). Consumer demand for time of
use electricity tariffs: A systematized review of the empirical evidence. Renewa-
ble and Sustainable Energy Reviews, 97, 276-289.

Noorman, M., Espinosa Apraez, B., & Lavrijssen, S. (2023). Al and energy justice. En-
ergies, 16(5), Article 5. https://doi.org/10.3390/en16052110

Noy, C. (2008). Sampling Knowledge: The hermeneutics of snowball sampling in quali-
tative research. International Journal of Social Research Methodology, 11(4),
327-344. https://doi.org/10.1080/13645570701401305

Olabi, A. G., & Abdelkareem, M. A. (2022). Renewable energy and climate change. Re-
newable and Sustainable Energy Reviews, 158, 112111.
https://doi.org/10.1016/j.rser.2022.112111

Oliver, D. G., Serovich, J. M., & Mason, T. L. (2005). Constraints and opportunities
with interview transcription: towards reflection in qualitative research. Social
Forces, 84(2), 1273—1289.

Opielka, M., & Strengmann-Kuhn, W. (2022). Biirgergeld und die Zukunft des Sozial-
staats. Wirtschaftsdienst, 102(2), 95-99. https://doi.org/10.1007/s10273-022-
3108-5

Ouf, S., & Nasr, M. (2015). Cloud computing: The future of big data management. /n-
ternational Journal of Cloud Applications and Computing (IJCAC), 5(2), 53-61.

Pallonetto, F., Oxizidis, S., Milano, F., & Finn, D. (2016). The effect of time-of-use tar-
iffs on the demand response flexibility of an all-electric smart-grid-ready dwell-

ing. Energy and Buildings, 128, 56—67.



96

Panwar, N. L., Kaushik, S. C., & Kothari, S. (2011). Role of renewable energy sources
in environmental protection: A review. Renewable and Sustainable Energy Re-
views, 15(3), 1513—1524. https://doi.org/10.1016/j.rser.2010.11.037

Pellegrini-Masini, G., Pirni, A., & Maran, S. (2020). Energy justice revisited: A critical
review on the philosophical and political origins of equality. Energy Research &
Social Science, 59, 101310.

Powells, G., Bulkeley, H., Bell, S., & Judson, E. (2014). Peak electricity demand and
the flexibility of everyday life. Geoforum, 55, 43-52.
https://doi.org/10.1016/j.geoforum.2014.04.014

Powells, G., & Fell, M. J. (2019). Flexibility capital and flexibility justice in smart en-
ergy systems. Energy Research & Social Science, 54, 56-59.
https://doi.org/10.1016/j.erss.2019.03.015

Prager, F., Brunnengriber, A., & Von Hirschhausen, C. (2023). Atomwende? Ja, bitte!
Warum die Abkehr von der Atomenergie und eine gute Entsorgungspolitik die
Energiewende in Deutschland beférdern werden. GAIA - Ecological Perspec-
tives for Science and Society, 32(1), 86-90. https://doi.org/10.14512/gaia.32.1.3

Presse- und Informationsamt der Bundesregierung. (2023, March 1). Ausbau erneuerba-
rer Energien beschleunigen. Die Bundesregierung informiert. https://www.bun-
desregierung.de/breg-de/schwerpunkte/klimaschutz/novelle-eeg-gesetz-2023-
2023972

Presse- und Informationsamt der Bundesregierung. (2024a). Gesetz zum Erneuerbaren
Heizen. Die Bundesregierung informiert. https://www.bundesregierung.de/breg-

de/schwerpunkte/klimaschutz/neues-gebaeudeenergiegesetz-2184942



97

Presse- und Informationsamt der Bundesregierung. (2024b, April 9). So l4uft der Aus-
bau der Erneuerbaren Energien in Deutschland. https://www.bundesregie-
rung.de/breg-de/aktuelles/ausbau-erneuerbare-energien-2225808

Proudfoot, K. (2023). Inductive/deductive hybrid thematic analysis in mixed methods
research. Journal of Mixed Methods Research, 17(3), 308-326.
https://doi.org/10.1177/15586898221126816

Radtke, J., & Kersting, N. (Eds.). (2018). Energiewende: Politikwissenschaftliche Per-
spektiven. Springer Fachmedien Wiesbaden. https://doi.org/10.1007/978-3-658-
21561-3

Raza, M. Q., & Khosravi, A. (2015). A review on artificial intelligence based load de-
mand forecasting techniques for smart grid and buildings. Renewable and Sus-
tainable Energy Reviews, 50, 1352—1372.
https://doi.org/10.1016/j.rser.2015.04.065

Reja, U., Manfreda, K. L., Hlebec, V., & Vehovar, V. (2003). Open-ended vs. close-
ended questions in web questionnaires. Developments in Applied Statistics,
19(1), 159-177.

Saint Akadiri, S., Adewale Alola, A., Olasehinde-Williams, G., & Udom Etokakpan, M.
(2020). The role of electricity consumption, globalization and economic growth
in carbon dioxide emissions and its implications for environmental sustainability
targets. Science of The Total Environment, 708, 134653.
https://doi.org/10.1016/j.scitotenv.2019.134653

Savaresi, A. (2016). The Paris Agreement: A new beginning? Journal of Energy & Nat-
ural Resources Law, 34(1), 16-26.

https://doi.org/10.1080/02646811.2016.1133983



98

Schletz, M., Cardoso, A., Prata Dias, G., & Salomo, S. (2020). How can blockchain
technology accelerate energy efficiency interventions? A use case comparison.
Energies, 13(22), 5869.

Schultz, S. (2018, May 26). Strom: Deutschland blockiert Messung von Energiearmut in
EU-Energieunion. Der Spiegel. https://www.spiegel.de/wirtschaft/sozia-
les/strom-deutschland-blockiert-messung-von-energiearmut-in-eu-energieunion-
a-1209705.html

Simcock, N. (2016). Procedural justice and the implementation of community wind en-
ergy projects: A case study from South Yorkshire, UK. Land Use Policy, 59,
467-4717.

Simpson, N. P., Mach, K. J., Constable, A., Hess, J., Hogarth, R., Howden, M., Law-
rence, J., Lempert, R. J., Muccione, V., Mackey, B., New, M. G., O’Neill, B.,
Otto, F., Portner, H.-O., Reisinger, A., Roberts, D., Schmidt, D. N., Seneviratne,
S., Strongin, S., ... Trisos, C. H. (2021). A framework for complex climate
change risk assessment. One Earth, 4(4), 489-501.
https://doi.org/10.1016/j.oneear.2021.03.005

Sovacool, B. K. (2011). Conceptualizing urban household energy use: Climbing the
“energy services ladder”. Energy Policy, 39(3), 1659—1668.

Sovacool, B. K., Burke, M., Baker, L., Kotikalapudi, C. K., & Wlokas, H. (2017). New
frontiers and conceptual frameworks for energy justice. Energy Policy, 105,
677—691. https://doi.org/10.1016/j.enpol.2017.03.005

Sovacool, B. K., & Dworkin, M. H. (2015). Energy justice: Conceptual insights and
practical applications. Applied Energy, 142, 435-444.

https://doi.org/10.1016/j.apenergy.2015.01.002



99

Sovacool, B. K., Heffron, R. J., McCauley, D., & Goldthau, A. (2016). Energy deci-
sions reframed as justice and ethical concerns. Nature Energy, 1(5), 16024.
https://doi.org/10.1038/nenergy.2016.24

Sovacool, B. K., Martiskainen, M., Hook, A., & Baker, L. (2019). Decarbonization and
its discontents: A critical energy justice perspective on four low-carbon transi-
tions. Climatic Change, 155(4), 581-619. https://doi.org/10.1007/s10584-019-
02521-7

Statistische Amter des Bundes und der Linder. (2024). Bruttoinlandsprodukt (BIP) je
Einwohner nach Bundesldndern im Jahr 2023. https://de.statista.com/statistik/da-
ten/studie/73061/umfrage/bundeslaender-im-vergleich-bruttoinlandsprodukt/

Statistisches Bundesamt. (2024). Armutsgefahrdungsschwelle und Armutsgefdhrdung
(monetéire Armut). https://www.destatis.de/DE/Themen/Gesellschaft-Um-
welt/Einkommen-Konsum-Lebensbedingungen/Lebensbedingungen-Armutsge-
faehrdung/Tabellen/armutsschwelle-gefachrdung-mz-silc.html

Stavrakas, V., & Flamos, A. (2020). A modular high-resolution demand-side manage-
ment model to quantify benefits of demand-flexibility in the residential sector.
Energy Conversion and Management, 205, 112339.

Strengers, Y. (2014). Smart energy in everyday life: Are you designing for resource
man? Interactions, 21(4), 24-31. https://doi.org/10.1145/2621931

Striinck, C. (2017). Energiearmut bekdmpfen - Instrumente, Mafinahmen und Erfolge in
Europa. Friedrich-Ebert-Stiftung, Abteilung Wirtschafts-und Sozialpolitik.
https://library.fes.de/pdf-files/wiso/13273-20170403.pdf

Stute, J., Pelka, S., Kiihnbach, M., & Klobasa, M. (2024). Dodging the electricity price
hike: Can demand-side flexibility compensate for spot price increases for house-

holds in Germany? arXiv preprint arXiv:2402.06711.



100

Szczepaniuk, H., & Szczepaniuk, E. K. (2023). Applications of artificial intelligence al-
gorithms in the energy sector. Energies, 16(1), Article 1.
https://doi.org/10.3390/en16010347

Tews, K. (2013). Energiearmut definieren, identifizieren und bekdmpfen - Eine Heraus-
forderung der sozialvertriglichen Gestaltung der Energiewende: Vorschlag fiir
eine Problemdefinition und Diskussion des MaBBnahmenportfolios.
https://refubium.fu-berlin.de/handle/fub188/20098

Thomas, E., & Magilvy, J. K. (2011). Qualitative rigor or research validity in qualitative
research. Journal for Specialists in Pediatric Nursing.
https://psycnet.apa.org/record/2011-06521-009

Thomas, S., Bierwirth, A., Mérz, S., Schiiwer, D., Vondung, F., von Geibler, J., & Wag-
ner, O. (2021). CO2-neutrale Gebédude bis spitestens 2045. In Ein Diskussions-
beitrag fiir eine ambitionierte und sozialvertrigliche Politikstrategie (Vol. 21).
Zukunftsimpuls Nr. https://nei-dt.de/wp-content/uploads/2022/01/Wuppertal-
Institut-CO2-neutrale-Gebaeude-bis-2045-Studie.pdf

Tian, J., Yu, L., Xue, R., Zhuang, S., & Shan, Y. (2022). Global low-carbon energy
transition in the post-COVID-19 era. Applied Energy, 307, 118205.
https://doi.org/10.1016/j.apenergy.2021.118205

Torriti, J., & Yunusov, T. (2020). It’s only a matter of time: Flexibility, activities and
time of use tariffs in the United Kingdom. Energy Research & Social Science,
69, 101697. https://doi.org/10.1016/j.erss.2020.101697

Verbraucherzentrale Energieberatung. (2024). FAQ — Haufige Fragen. Energieberatung
der Verbraucherzentrale. https://verbraucherzentrale-energieberatung.de/ser-

vice/faq/



101

Verivox. (2023). Verivox-Verbraucherpreisindex: Strompreis fiir Privathaushalte in
Deutschland bei einem Stromverbrauch von 4.000 kWh in den Jahren 2004 bis
2022 (in Euro). https://de.statista.com/statistik/daten/studie/914784/umfrage/ent-
wicklung-der-strompreise-in-deutschland-verivox-verbraucherpreisindex/

von Platten, J. (2022). Energy poverty in Sweden: Using flexibility capital to describe
household vulnerability to rising energy prices. Energy Research & Social Sci-
ence, 91, 102746. https://doi.org/10.1016/j.erss.2022.102746

Walker, G. (2009). Beyond distribution and proximity: Exploring the multiple spatiali-
ties of environmental justice. Antipode, 41(4), 614—636.
https://doi.org/10.1111/5.1467-8330.2009.00691.x

Walker, G. (2013). Inequality, sustainability and capability: Locating justice in social
practice. In Sustainable practices (pp. 181-196). Routledge. https://api.taylor-
francis.com/content/chapters/edit/download?identifierName=doi&identifi-
erValue=10.4324/9780203071052-17&type=chapterpdf

Walker, G., & Day, R. (2012). Fuel poverty as injustice: Integrating distribution, recog-
nition and procedure in the struggle for affordable warmth. Energy Policy, 49,
69-75.

Wang, Q., Li, R., & Zhan, L. (2021). Blockchain technology in the energy sector: From
basic research to real world applications. Computer Science Review, 39, 100362.
https://doi.org/10.1016/j.cosrev.2021.100362

Wang, R., Wang, P., Xiao, G., & Gong, S. (2014). Power demand and supply manage-
ment in microgrids with uncertainties of renewable energies. International Jour-
nal of Electrical Power & Energy Systems, 63, 260—2609.

Weigel, P., & Fischedick, M. (2019). Review and categorization of digital applications

in the energy sector. Applied Sciences, 9(24), 5350.



102

White, L. V., & Sintov, N. D. (2020). Health and financial impacts of demand-side re-
sponse measures differ across sociodemographic groups. Nature Energy, 5(1),
50—60. https://doi.org/10.1038/s41560-019-0507-y

Wiese, F., Thema, J., & Cordroch, L. (2022). Strategies for climate neutrality. Lessons
from a meta-analysis of German energy scenarios. Renewable and Sustainable
Energy Transition, 2, 100015.

World Economic Forum. (2023). Fostering effective energy transition—2023 edition.

Wunderlich, P., Veit, D., & Sarker, S. (2019). Adoption of Sustainable Technologies: A
Mixed-Methods Study of German Households. MIS Quarterly, 42, 673—-691.
https://doi.org/10.25300/MISQ/2019/12112

Waurster, S., & Kohler, C. (2016). Die Energiepolitik der Bundeslénder: Scheitert die
Energiewende am deutschen Foderalismus? In A. Hildebrandt & F. Wolf (Eds.),
Die Politik der Bundesldinder (pp. 283-314). Springer Fachmedien Wiesbaden.
https://doi.org/10.1007/978-3-658-08303-8 13

Yin, R. K. (1992). The case study method as a tool for doing evaluation. Current Soci-
ology, 40(1), 121-137. https://doi.org/10.1177/001139292040001009

Yule-Bennett, S., & Sunderland, L. (2024). Flex-ability for all: Pursuing socially inclu-
sive demand-side flexibility in Europe.

Zaidan, A. A., & Zaidan, B. B. (2020). A review on intelligent process for smart home
applications based on IoT: Coherent taxonomy, motivation, open challenges,
and recommendations. Artificial Intelligence Review, 53(1), 141-165.
https://doi.org/10.1007/s10462-018-9648-9

Zhou, K., Fu, C., & Yang, S. (2016). Big data driven smart energy management: From
big data to big insights. Renewable and Sustainable Energy Reviews, 56, 215—

225. https://doi.org/10.1016/j.rser.2015.11.050



