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Abstract. The ongoing energy transition increases the share of renewable energy
sources. To combat inherent intermittency of RES, increasing system flexibility
forms a major opportunity. One way to provide flexibility is demand response
(DR). Research already reflects several approaches of artificial intelligence (Al)
for DR. However, these approaches often lack considerations concerning their
applicability, i.e., necessary input data. To help putting these algorithms into
practice, the objective of this paper is to analyze, how input data requirements of
Al approaches in the field of DR can be systematized from a practice-oriented
information systems perspective. Therefore, we develop a taxonomy consisting
of eight dimensions encompassing 30 characteristics. Our taxonomy contributes
to research by illustrating how future Al approaches in the field of DR should
represent their input data requirements. For practitioners, our developed
taxonomy adds value as a structuring tool, e.g., to verify applicability with respect
to input data requirements.

Keywords: Energy Informatics, Green 1S, Demand Response, Atrtificial
Intelligence, Input Data Requirements

1 Introduction

Due to the expansion of renewable energy sources (RES) and their inherent variability,
ensuring security of supply and grid stability are becoming increasingly challenging
[1]. A successful energy transition towards growing shares of RES largely depends on
increasing energy system’s flexibility [2-4]. To achieve this, demand needs to be
adapted to generation, instead of the other way around. In order to actually provide and
foster energy system flexibility, research develops and reflects several approaches of
Artificial Intelligence (Al) algorithms for Demand Response (DR) to enable flexibility
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on the demand side. As subset of Demand Side Management (DSM), DR focuses on
load shifting or shedding and reacting to external signals such as price signals from the
energy market [40-42]. To enable a broad application of algorithms in the real world,
in general data are the “key ingredients” [5]. It is especially important that requirements
on input data match the actual data availability and accessibility. However, the
approaches of Al algorithms for DR typically lack an analysis of their actual real-world
applicability with respect to input data requirements of algorithms, e.g., data
accessibility or data type. Hence, we aim to gain applicable knowledge by identifying
gaps that need to be addressed in terms of input data requirements in order to
successfully apply Al algorithms in the field of DR.

As our paper is located at the interface of renewable energy systems and
digitalization, the basis of our work is particularly formed by the following two research
streams, which are growing and becoming increasingly important in Information
Systems (IS) research: (1) Al and (2) the role of IS for a more sustainable world.
Regarding (1), AI’s breakthrough within the last years emerged with the increasing
availability of large amounts of data (Big Data) and growing computing capacity [6, 7].
This resulted in an increased interest in and relevance of Al and corresponding
algorithms, which play a major role in many industries [8]. Also, research reflects that
in the field of IS, Al is receiving greater attention and creates new information and
knowledge at the intersection of business and technology [9]. Regarding (2), a growing
number of IS researchers is increasingly getting aware of their responsibility for
sustainability [10, 11], especially with respect to the energy transition, for more than a
decade, constituting the fields of Green IS and Energy Informatics (EI) [10-13]. More
recently, the research community calls for applicable solutions for a green energy
system by reflecting IS’s role of transferring research into practice [14-17].

In order to cope with the intermittent feed-in of RES, research emphasizes the
important role of flexibility for years [18-20], also with a focus on respective IS
applications [21]. Therefore, incentives to actually increase flexibility of the energy
system are gaining importance [22]. Several types of flexibility exist, such as supply-
side flexibility, storage flexibility, transmission flexibility, demand-side flexibility, and
inter-sectoral flexibility [23]. In particular DSM and — more specific — its subset DR
play a major role as DR is a key element to enable short-term changes in energy
consumption behavior [22, 23]. [24] analyze various Al approaches in the field of DR
by conducting a literature review. In analogy to [24], we use the term Al algorithms as
we analyze algorithms in the areas of machine learning, nature-inspired intelligence,
artificial neural networks, and multi-agent systems. The review by [24] underlines the
high relevance of Al algorithms for DR while providing a comprehensive overview of
different application areas of algorithms. However, the authors do not analyze the
(practical) applicability of Al algorithms. Particularly apparent is the absence of an
analysis concerning the input data required for the algorithms. The lack of such data
would actually impede the applicability of the DR algorithms. Hence, the aim of our
research is to provide the necessary foundation for moving Al in DR to application
stage, and therefore, to promote applicable solutions in the context of the energy
transition. Therefore, we consider Al approaches within DR from an IS-perspective and
analyze, how to systemize required input data for Al approaches in the area of DR. Our



objective is to demonstrate which input data requirements algorithm developers need
to account for in order to achieve applicability. Hence, we pose the following research
question:

What are the main characteristics of input data requirements in the context of Al
algorithms for DR?

In line with [25], we aim to build theory for analyzing the DR algorithms’
applicability by developing a taxonomy as a systematization of input data requirements.
Hence, future approaches related to Al algorithms for DR may describe their input data
requirements in the form of our taxonomy, allowing for an easy comparison and
applicability analysis. In addition to providing a theoretical conceptual basis for
research, we enable practitioners with a tool for structuring and comparing to evaluate
Al algorithms for DR in terms of required input data.

To approach our research question, this paper is organized as follows: In the second
section, we briefly introduce the research streams of Green IS and El [20]. Further, we
introduce the conceptual basis and related work concerning 1S-enabled flexibility, input
data requirements of Al approaches for DR and data taxonomies. In the third section,
we then outline the paper’s research methodology, i.e., the taxonomy development
method according to [26]. In the fourth section, we elaborate on the application of this
research method for our research question. We then present our developed taxonomy,
systematizing input data requirements of Al approaches in the DR area in the fifth
section. Building on this, the sixth section contains the contribution of the paper.
Finally, the seventh section draws main conclusions and summarizes the paper.

2 Theoretical Background

This section forms the theoretical background for our analysis and presents related
work. We reflect the following relevant research areas step-by-step: (1) Green IS and
El, (2) data taxonomies, (3) IS-enabled flexibility, and (4) input data requirements of
Al approaches for DR.

Regarding (1), in academic literature, researchers increasingly emphasize the
responsibility of IS for environmental sustainability [10, 11]. This has led to the
development of a new core subfield of IS, called Green IS [27-29], which signifies the
use of information and communication technology to foster the transition to sustainable
economies [11]. El is one research field of Green IS and according to [14], EI focuses
on increasing energy efficiency and integrating RES effectively and “has evolved into
a thriving research area within the IS community” [14]. [15] and [13] stress that El aims
to reduce energy consumption and associated greenhouse-gas (GHG) emissions. In
order to develop a more sustainable energy system, also an increase in flexibility is
particularly necessary [2, 30]. One approach to achieve increased flexibility is DR.
Therefore, this paper aims to contribute to the El and Green IS research streams in line
with its approach of investigating the applicability of Al algorithms for DR. Since
Green IS represents an “applied field that seeks to improve practice” [11], applicability
is of highest importance to gain applicable knowledge. In the field of El, [31] explicitly
stress the aspect of lacking data, which also highlights the importance of our work for



IS research, as we develop an approach to examine the input data requirements of the
algorithms that are important for applicable solutions. Since this specific field of
research is still quite new, a taxonomy from a methodological perspective lends itself
to structuring the field.

Regarding (2), taxonomies are already well established in the IS domain, especially
since Nickerson et al. (2013) presented a taxonomy development method specifically
for the IS domain [32]. IS researchers apply taxonomies in different IS areas, but
generally all of them are used to classify and group objects and accordingly to structure,
understand, and analyze complex domains [33]. Holistic taxonomies regarding data
already exist in literature. [34], for example, present a general taxonomy of data, based
on, e.g., the statistical approach and the source of data generation, while [35] develop
a taxonomy of data sources including dimensions such as data source interface or data
source pricing model. [36] evolve a taxonomy in the area of data-driven business
models used by start-ups including dimensions such as data source, but also key activity
or target customer. These examples illustrate the relevance of taxonomies for
structuring data and data requirements for specific application areas. Yet these
taxonomies cannot represent the input data requirements in the field of DR, because the
taxonomies presented serve different purposes and accordingly exhibit other
dimensions and characteristics. DR is a special area at the interface between energy
systems and many other fields, such as industrial production planning or residential
applications, e.g., electric vehicles. Thus, e.g., a more general and holistic view on data
requirements of energy systems would not be sufficient for our purpose. Overall,
already existing data taxonomies cannot be used for an accurate and applicable
systematization of Al algorithms for DR.

Regarding (3), as mentioned above, flexibility is crucial for a stable and efficient
energy system [23, 37]. Against this background, one approach to increase flexibility
is DSM, which includes all measures on the consumption side of the energy system,
such as increasing efficiency as well as reducing energy consumption [38]. [39]
emphasizes that DSM aims to influence energy consumption in order to achieve
beneficial changes in the load profile. As a subset of DSM, DR is defined as load
shifting or shedding and reacting to external signals such as price signals from the
energy market on demand side [40-42]. Regarding DR in IS-literature, [41] summarize
general IS research contributions on DR by conducting a systematic literature review.
[21] use a real options analysis to quantify the value of IS-enabled flexibility on
demand-side and illustrate this analysis with electric vehicles. [30] develop an approach
for industrial consumers to evaluate DR measures by analyzing the risk transfer
capability of flexibility performance contracts. So far, in the IS literature, DR
researchers have not focused on Al to govern DR. Therefore, we build on and contribute
to the research stream of DR in IS literature by systematizing input data requirements
of Al approaches for DR to improve their applicability in practice, and thus increasing
flexibility in the energy system. In this way, our paper serves as a foundation for further
research by contributing to the interface of Al algorithms and DR.

Regarding (4), with its plethora of application areas, Al opens up opportunities for
the energy industry and the energy system [43]. In general, Al “attempts not just to
understand but also to build intelligent entities” [44]. Hereby, Al encompasses a variety



of different techniques such as machine learning [45], that enables agents to
intelligently perform tasks. For the applicability of Al algorithms, required input data
plays a major role, as IS literature clearly demonstrates: [46], for example, highlight
that data availability, data quality, data accessibility, and data flow are main factors for
organizational Al readiness and are therefore crucial for applicability. In addition to
that, [5] emphasizes that “data are the key ingredients of all machine-learning systems”
[5]. By analyzing and evaluating data sets, Al helps the energy system to become more
efficient and secure. In the energy system, various Al application areas exist, ranging
from energy trading and sector coupling to smart grids. In this context, [47] elaborate
on the general use of Al in energy systems and energy markets, while [48] focus on Al
applications that can support the achievement of RES future goals. For instance,
regarding specific Al applications used for smart grids, [49] as well as [50] provide a
detailed overview of Al applications for smart grids such as stability assessment,
stability control, security assessment, and fault diagnosis. Our paper focuses on the
applications of Al in the DR area. In this context, Al is especially used for load and
price forecasting, scheduling and control of loads, design of pricing and incentive
schemes, as well as load and customer segmentation [24]. However, the basis for a real-
world application of these Al approaches, i.e., appropriate input data, remains
unstructured, so far.

To put it in a nutshell, general Al literature is concerned about data requirements of
respective algorithms, while researchers in the field of Al for DR have not yet paid
particular attention to the analysis of necessary input data. However, in order to be able
to truly apply Al algorithms in the field of DR in practice, an analysis of these input
data is essential. Against this background and to the best of our knowledge, we are the
first taking a more in-depth view of the input data required by Al algorithms for DR.

3 Methodological Approach

To answer our research question, we develop a taxonomy as a systematization for input
data requirements of Al algorithms for DR. According to [26], such classification of
objects is particularly helpful for researchers and practitioners to understand and
analyze complex domains. A further objective of taxonomy developments is to lay the
foundation for future research and simultaneously provide new and highly relevant
impulses [51].

The guidelines of [26] are based on the approach of [52] and are well known in the
IS discipline [53-56]. According to [26], the structured and iterative taxonomy
development process encompasses seven steps, combining an inductive (empirical-to-
conceptual) and deductive (conceptual-to-empirical) approach [26]. The first step is to
identify a meta-characteristic (1), which should reflect the purpose of the taxonomy.
Subsequently, in the second step, one defines ending conditions (2), which determine
when the iterative process terminates, differentiating between objective and subjective
ending conditions. The third step allows the decision between the empirical-to-
conceptual, in the following denoted by an (e), or the conceptual-to-empirical approach,
in the following denoted by a (c) (3), depending on the availability of data about the



objects. Following Nickerson's guidelines, it is useful to perform different approaches
in the iterations "to view the taxonomy from a different perspective" [26]. When
applying the empirical-to-conceptual approach, [26] suggest to select objects for
classification (4e) first, then to identify common characteristics of these objects (5e),
and finally to group these characteristics into dimensions (6e). When employing the
conceptual-to-empirical approach (3), [26] suggest to first conceptualize the
dimensions and characteristics of the taxonomy (4c), then to map objects to the
characteristics and dimensions (5c), and finally to create the new or revised taxonomy
(6¢c). Both, the empirical-to-conceptual and the conceptual-to-empirical approach
require an examination whether the current taxonomy fulfills the objective and
subjective ending conditions (7). If these are not met, a new iteration starts, otherwise,
the taxonomy development terminates.

4 Application of the Research Method

Figure 1 illustrates our methodological process, which consists of determining meta-
characteristic and ending conditions followed by five iterations comprising three
empirical-to-conceptual approaches and two conceptual-to-empirical approaches.

Start

Determine meta-characteristic:
Characteristics of data in the context
of AT algorithms for DR
- . - Subjective ending conditions:
Objective ending conditions: + Concise
+ No new dimensions or characteristics were added in the last iteration Determine ending conditions: + Robust
+ No dimensions or characteristics were merged or split in the last iteration min ing ditions: + Comprehensive
« There is no dimension duplication « Objective ending conditions

! ndupfeation ' - - o0 + Extendible
+ There is no characteristic duplication within a dimension + Subjective ending conditions * Explanatory

Empirical-to-conceptual
approach

Objective and subjective
ending conditions not met

Conceptual-to-empirical-
approach

Objective and subjective

Five iterations for ending conditions not met

taxonomy development Empirical-to-conceptual
approach

Objective and subjective
ending conditions not met

Conceptual-to-empirical-
approach

Objective ending conditions
not met

Empirical-to-conceptual
approach

Taxonomy Ending conditions met

Figure 1. Taxonomy Development Process Adopted from Nickerson et al. (2013)

The first step of the taxonomy process requires the definition of the meta-characteristic,
from which all characteristics and dimensions of the taxonomy must logically derive
[26]. Based on our research question and the corresponding target group of the
taxonomy - researchers and practitioners dealing with Al for DR - our meta-



characteristics are characteristics of input data in the context of Al algorithms for DR
(1). Next, in a second step, we define the ending conditions that determine the
termination of the taxonomy development process (2). As objective ending conditions
we choose the following: “no new dimensions or characteristics were added in the last
iteration” [26], “no dimensions or characteristics were merged or split in the last
iteration” [26], “there is no dimension duplication” [26], and “there is no characteristic
duplication within a dimension” [26]. For the subjective ending conditions, all authors
have to confirm that the taxonomy is concise, robust, comprehensive, extendible, and
explanatory [26].

We develop a taxonomy with eight dimensions encompassing 30 characteristics and
two additional requirements in five iterations by combining the empirical-to-conceptual
(first, third and fifth iteration) and conceptual-to-empirical approach (second and fourth
iteration) as described above. For the first iteration - an empirical-to-conceptual
approach (3) - we use a sample of 15 algorithms as objects. These are part of the result
of a systematic literature review (SLR) by [24], which meets the requirements of a SLR
according to [57]. The conducted SLR uses the search strings “Artificial Intelligence”
AND “Demand Response”, “Machine Learning” AND “Demand Response”, and
“Neural Networks” AND “Demand Response”. [24] only consider literature that is DR-
related and that uses Al techniques explicitly for DR. The applied search engine is
Scopus and it searches the period from 2009 to 2019 [24]. 15 algorithms are, according
to [26]’s guidelines, randomly selected as objects from the 161 SLR results. First, we
investigate the input data requirements of the algorithms by reading the corresponding
15 papers in detail (4e). Subsequently, we form characteristics concerning input data
requirements from these objects (5e) and group them into dimensions to create a first
taxonomy (6e).

Since the resulting taxonomy does not meet both, the subjective and objective ending
conditions, we perform a second iteration. To view the taxonomy from a different
perspective, we now perform a conceptual-to-empirical approach (3). To follow the
guidelines from [26], we use the “knowledge of existing foundations, experience, and
judgement [from the authors] to deduce [...] [further] relevant dimensions” [26] and
characteristics (4c). We can learn from other data taxonomies mentioned in the second
section in this conceptual-to-empirical approach and strengthen our taxonomy by, e.g.,
adopting single characteristic names for more general dimensions like data source or
data accessibility. Subsequently, we examine 15 new objects from the above-mentioned
SLR for these new characteristics and dimensions (5¢) and create the revised taxonomy
(6¢) [26]. Similar to the first iteration, we add new characteristics and dimensions, and
therefore, the taxonomy does not fulfill the objective ending conditions. Consequently,
we carry out a third iteration. In this empirical-to-conceptual approach (3), we examine
15 new objects from the SLR with respect to differences and similarities (4€). Since our
taxonomy does not meet the subjective and objective ending conditions, we perform a
fourth iteration, a conceptual-to-empirical approach. As already mentioned in the
second iteration, according to [26] we can use the knowledge and experience of the
authors to further develop the taxonomy. In iteration five, we neither add new
dimensions nor new characteristics [26]. We check the objective and subjective ending



conditions. All objective ending conditions are met and the authors separately review
the subjective ending conditions concluding that they are fulfilled as well [26].

5 Taxonomy

Our final taxonomy comprises eight dimensions encompassing 30 characteristics and
two additional requirements. We define the taxonomy according to our meta-
characteristic with the aim to systematize input data requirements of Al algorithms for
DR. Table 1 illustrates our final taxonomy. In the following, we explain all dimensions
and characteristics of the taxonomy, and give substantiating sources.

In order to be able to apply Al algorithms for DR in practice, the data used as input
plays a decisive role: Our taxonomy illustrates that the input data requirements differ,
especially with respect to the eight dimensions data usage, data type, data provider, data
collection time, data source, method of data collection, data accessibility, and data
privacy, which we amplify in the following.

Table 1. Taxonomy of Input Data Requirements in the Context of Al Algorithms for DR
(in dark grey further input data requirements are shown)

Dimensions Characteristics
Data usage Forecasting Scheduling and Design of pricing | Load and
control of loads and incentive customer
schemes segmentation
Data type Genera- Price data | Grid data Consum- Weather Geograph-
tion data ption data | data ical data
Data provider Generator | Trading Grid Consu- Meteoro- Building
operator operator mer logical industry
(TSO/DS institute
0)
Data collection time | <1 month 1 month <6 6 months < 1year | >1 year
months
Data source Internal data External data
Method of data Primary data Secondary data
collection
Data accessibility Open data Shared data Closed data
Data privacy Free and usable data Corporate secrets Personal data
Data quality Data quality is a crucial precondition to obtain reasonable results.
Data granularity The spatio-temporal data granularity is dependent on the data type and application.

Based on the analysis of the reviewed objects and in line with the overview of Al for
DR by [24], we differentiate between four application areas, representing the
characteristics for the dimension data usage: The first characteristic forecasting
includes approaches for load forecasting [58—60] as well as for energy price forecasting
[61, 62]. There are differences with respect to short-term and long-term forecasts [24].
While short-term forecasts allow consumers to better respond to price signals and



aggregators to provide better services, long-term forecasts provide useful information
to better plan DR measures. Scheduling and control of loads constitute the second
characteristic. Here, we note that significantly more algorithms are developed at the
consumer level [63—-65] than at the aggregator level [66, 67], especially with the aim of
reducing energy costs and energy consumption [24]. Another characteristic of data
usage comprises the design of pricing or incentive schemes, which both affect the
success of the DR scheme [68—72]. These compensation mechanisms are important for
a successful DR program [24]. The final characteristic in this dimension describes load
or customer segmentation, the categorization of energy consumers in groups which is
predominantly based on consumer load profiles and supports, e.g., designing DR
programs [73, 74]. Our taxonomy development process revealed that Al algorithms for
DR operate on a number of data types to meet the specific goals of the algorithms.
Characteristics of the dimension data type include generation data, price data, grid
data, consumption data, weather data, and geographical data. A majority of them
represent the components of the electricity system value chain [1]. Examples for price
data comprise real-time price data [62] or day-ahead price data [75]. Real-time data
from sensors and dynamic data sources [76] or 15-minute interval meter data [77]
represent examples of consumption data. Furthermore, we form the characteristic
geographical data based on the objects’ data such as building construction [76] or type
of heating appliances [77]. When examining objects during the taxonomy development
process, it is notable that various data providers exist for the Al algorithms in the DR
domain. Our taxonomy groups these stakeholders into the characteristics generator
[78], trading operator [79], grid operator including transmission system operator
(TSO) and distribution system operator (DSO), consumer, meteorological institute, and
building industry. In our taxonomy, the data provider refers to the stakeholder that
makes the data available, but who not necessarily generates it. In addition to the above
dimensions, the length of the data collection time is important for the applicability of
Al algorithms for DR. Only if the data is sufficiently available for the relevant period,
the user can properly apply the algorithm. The objects imply a subdivision in <1 month
[80], 1 month < 6 months [81], 6 months < 1 year [82], > 1 year [83] as characteristics
for the dimension data collection period. The underlying data differs in their source. In
line with literature, data sources can either be internal or external [36]: Internal sources
comprise data that is self-generated or data that already exists, e.g., when data is stored
in IT systems [84]. In contrast, external data is generated publicly or can be purchased
[35]. Examples of external sources include acquired data, e.g., from EPEX SPOT, data
provided by customers, or freely available data, e.g., from the international energy
agency [84]. Regarding the method of data collection, we identify the requirement of
converted input data in some objects [77], whereby we distinguish between primary
data and secondary data [34]. Primary data are raw data and are directly gathered from
the source by the algorithm user itself, while secondary data are not collected by the
algorithms’ user and may also be edited, derived, and processed. We underline the fact
that the method of data collection must be distinguished from the data source. For
example, in the case of primary data, the data does not necessarily have to be produced
internally, but rather requires that it is not processed prior to its use. Regarding the data
accessibility, we find essential differences between the objects’ input data. In line with



literature, we differentiate between open data [85], shared data [86], and closed data
[76]. Open data is free and available to anyone for unrestricted commercial or non-
commercial use and may be shared without restriction [87]. Shared data is accessible
to users who meet specific access criteria and indicate the source of the data whenever
they use it [34]. Regarding closed data, access is restricted to the data owner or a special
group due to security restrictions and policies. Additionally, data cannot be shared with
third parties. In order to also consider privacy rules, data privacy ought to be an input
data requirement and thus forms a dimension in our taxonomy. Data privacy focuses
especially on the use and governance of individual data. One example is establishing
policies to assure an adequate manner, in which personal data is collected, shared, and
used [88]. In this context, there is a need for balancing of civil liberties and societal
interests. In addition, regulations regarding data privacy like, e.g., General Data
Protection Regulation (GDPR) differ depending on the country in which the algorithm
is applied. We distinguish between free and usable data, data that companies keep secret
due to the protection of corporate secrets, and personal data. Several of the objects’
developers also emphasize the need to pay attention to data security to avoid revealing
unwanted details about people and their activities [76] as well as privacy protection
[89]. In addition to the dimensions mentioned, two further input data requirements,
namely data quality and data granularity, are essential for systematizing the input data
requirements of Al algorithms for DR. However, compared to the above dimensions,
these two requirements do not entail specific characteristics and cannot be classified as
a dimension in the sense of [26]. According to [26], characteristics must be “mutually
exclusive and collectively exhaustive” [26]. Since no specific characteristics can be
defined for data quality and data granularity, it would not be assured that each object
has a characteristic in the dimension data quality and data granularity. Therefore, we
list these two separately in the form of further input data requirements in dark grey in
Table 1 and describe them afterwards. Even if data is available, good data quality is
crucial. As data quality can be seen gradually, we do not directly include data quality
in the taxonomy, but we list it as an extra input data requirement of Al algorithms for
DR. Since many IS-researchers are already concerned with data quality required for an
algorithm to produce “good” results, we will not focus on this issue in more detail.
However, it is crucial to consider data quality as one of the input data requirements.
Data quality attributes include, for example, ensuring that the data is free-of-error,
meaning that the data is accurate and reliable, and completeness, which is intended to
assure that no data is missing [89, 90]. The algorithms’ developers also mention missing
data quality: [91], for instance, note "some data were missing in the database" [91] and
"some data is not accurate" [91]. Similarly, data granularity can be seen gradually:
The right granularity is a crucial precondition to obtain reasonable results in the first
place. Besides, the dimension of data granularity is highly dependent on the data type
and also on the application. Therefore, it is not possible within our research to specify
generic characteristics for the dimension of data granularity. In particular, different
units hamper generic definitions of characteristics for the data granularity dimension.
For example, price data have a different granularity than generation data.



6 Contribution and Discussion

In the field of Green IS and El, researchers emphasize the responsibility of IS for a
sustainable and more efficient energy system [10, 11, 13]. In addition, [92] highlight
the importance of research on IS-enabled energy flexibility. In this context, our paper
first contributes to the Green IS research stream by building a foundation to raise
awareness among researchers and also algorithm developers to place a deeper focus on
the applicability of Al approaches in the field of DR in terms of data requirements.
Applicable knowledge and implementable practices are especially important in the field
of Green IS and EI to foster a successful energy transition and to address the UN SDGs
[15]. By focusing on input data, we address a major topic in algorithm development, as
the availability of the required input data is crucial for the actual applicability of the
algorithms. While literature contains various Al algorithms for DR, so far, it does not
deal with their real-world applicability sufficiently, i.e., the analysis if input data
requirements of these algorithms match the actual data available. Our paper illustrates
that different data usage, data types, data providers, data collection times, data sources,
methods of data collection, data accessibility, data privacy, data quality, and data
granularity exist for various Al algorithms. Second, with our taxonomy we lay the
foundation for Al algorithm developers and researchers in DR to illustrate the
appropriate characteristics of each dimension of our input data requirements taxonomy
in their future Al for DR approaches. Henceforth, papers developing an algorithm at
the interface of Al and DR may present their input data requirements in the form of our
taxonomy. This provides the advantage of “easier” analysis of applicability and
“simpler” comparison of Al algorithms for DR in terms of their input data requirements.
Third, our developed taxonomy can serve as a conceptual basis for future research in
this field, by giving an overview of input data requirements of Al algorithms for DR.
For example, our taxonomy provides a basis for analyzing which combinations of input
data requirements typically occur in different application areas. In addition, our
taxonomy forms the basis and is the first step towards analyzing which data is needed
for Al algorithms in the area of DR and should be provided with an open data license,
taking into account ethical and privacy concerns. In addition to that, our taxonomy can
serve as a starting point to investigate which other currently licensed and closed data
types could play an important role for Al algorithms in the area of DR.

Besides the theoretical added value, the results of our paper also have several
practical implications that play a major role for promoting the energy transition [11]:
In order to apply Al algorithms for DR in practice, practitioners need to know the
algorithms’ input data requirements for implementation of the algorithms.

First, the taxonomy provides practitioners of Al algorithms for DR with a manifold
overview of which input data and corresponding characteristics respective algorithms
may require. Second, for practitioners who apply Al algorithms in practice, our
taxonomy further serves as a structuring tool. For the identification and selection, but
also for the evaluation of an algorithm with respect to the input data requirements, the
taxonomy represents an important tool: By analyzing algorithms based on the
characteristics of the taxonomy, practitioners can evaluate whether they are actually
able to apply the algorithm or not with respect to required data. Third, building on such



evaluation, users of Al algorithms for DR can apply our taxonomy as a tool for
comparing. Here, the focus is on the comparison of different algorithms and their
respective input data requirements. Accordingly, practitioners can also use the
taxonomy to identify advantages and disadvantages with respect to the required input
data in a structured way. Fourth, our taxonomy may enable new business models by
serving as an assistance for companies that sell relevant data. Our taxonomy allows to
identify which specific input data is required for Al algorithms in the field of DR. Based
on such information, companies can consider publishing relevant data with an open
data license, or alternatively sell the data on a data market.

7 Conclusion, Limitations, and Further Research

To put highly relevant Al approaches into practice, referring to Section 6, we present a
systematization of the input data requirements of Al algorithms for DR by developing
a taxonomy following the process of [26]. The final taxonomy consists of eight
dimensions, which are data usage, data type, data provider, data collection time, data
source, method of data collection, data accessibility, and data privacy as well as 30
characteristics. Furthermore, we highlight data quality and data granularity as further
input data requirements for Al algorithms in the area of DR.

Having laid out our results, we briefly present some limitations of our work. First,
already [26] note that a taxonomy “is never perfect, but in the best case useful” [53].
Regarding this citation, our taxonomy development is limited to findings from
academic literature. Second, as the Al application field is rapidly evolving, the
taxonomy should remain regularly updated, and depending on new (scientific)
development, new input data requirements may extend the taxonomy in the future.
Third, we illustrate that our taxonomy serves its purpose and yet, we are aware that this
taxonomy is only the first step towards the real-world applicability of Al algorithms for
DR. Fourth, an evaluation of the taxonomy through expert interviews is outstanding,
which is in turn the starting point for our further research.

Our paper provides various starting points for further research. Referring to the
limitations, in a next step, researchers can conduct a reality check and validate the
taxonomy through expert interviews. Researchers may also apply our taxonomy to
classify actual Al algorithms for DR. Moreover, our taxonomy may serve as a starting
point for cluster analysis, for example, to develop archetypes and patterns for Al
algorithms in the field of DR. These archetypes and patterns may provide a basis for
identifying certain gaps in existing Al algorithms for DR and for deriving further
research priorities. In addition, further research can examine how data granularity and
data quality can be further characterized. Also, an overview of characteristics of the
sampled and evaluated Al methods with respect to the taxonomy could help to prove
further relevance and applicability of the taxonomy. Besides, it would further be useful
to practitioners who need to choose a method for their problem.



References

1.

10.

11.

12.

13.

14.

vom Scheidt, F., Medinov4, H., Ludwig, N., Richter, B., Staudt, P., Weinhardt,
C.: Data analytics in the electricity sector — A quantitative and qualitative
literature review. Energy and Al, vol. 1 (2020). doi: 10.1016/j.egyai.2020.100009
Lund, P.D., Lindgren, J., Mikkola, J., Salpakari, J.: Review of energy system
flexibility measures to enable high levels of variable renewable electricity.
Renewable and Sustainable Energy Reviews, vol. 45, 785-807 (2015). doi:
10.1016/j.rser.2015.01.057

Fridgen, G., Hafner, L., Konig, C., Sachs, T.: Toward Real Options Analysis of
I1S-Enabled Flexibility in Electricity Demand. Proceedings of the 22nd
International Conference on Information Systems (ICIS), vol. (2014)

Goutte, S., Vassilopoulos, P.: The value of flexibility in power markets. Energy
Policy, vol. 125, 347-357 (2019). doi: 10.1016/j.enpol.2018.10.024
Ghahramani, Z.: Probabilistic machine learning and artificial intelligence. Nature,
vol. 521, 452-459 (2015). doi: 10.1038/nature14541

Abbasi, A., Sarker, S., Chiang, R.H.: Big Data Research in Information Systems:
Toward an Inclusive Research Agenda. JAIS, vol. 17, i—xxxii (2016)

Duan, Y., Edwards, J.S., Dwivedi, Y.K.: Atrtificial intelligence for decision
making in the era of Big Data — evolution, challenges and research agenda.
International Journal of Information Management, vol. 48, 63-71 (2019). doi:
10.1016/j.ijinfomgt.2019.01.021

Reim, W., Astrém, J., Eriksson, O.: Implementation of Artificial Intelligence
(Al): A Roadmap for Business Model Innovation. Al, vol. 1, 180-191 (2020).
doi: 10.3390/2i1020011

Keller, R., Stohr, A., Fridgen, G., Lockl, J., Rieger, A.: Affordance-
Experimentation-Actualization Theory in Artificial Intelligence Research a
Predictive Maintenance Story. Proceedings of the 40th International Conference
on Information Systems (ICIS), vol. (2019)

Gholami, R., Watson, R., Hasan, H., Molla, A., Bjorn-Andersen, N.: Information
Systems Solutions for Environmental Sustainability: How Can We Do More?
Journal of the Association for Information Systems, vol. 17, 521-536 (2016). doi:
10.17705/1jais.00435

Seidel, S., Bharati, P., Fridgen, G., Watson, R.T., Albizri, A., Boudreau, M.-C.,
Butler, T., Chandra Kruse, L., Guzman, I., Karsten, H., et al.: The Sustainability
Imperative in Information Systems Research. CAIS, vol. 40, 40-52 (2017). doi:
10.17705/1CAIS.04003

Buhl, H.U.,, Jetter, M.: BISE’s Responsibility for our Planet. Bus. Inf. Syst. Eng.,
vol. 1, 273-276 (2009). doi: 10.1007/s12599-009-0058-z

Watson, R.T., Boudreau, M.-C., Chen, A.J.: Information Systems and
Environmentally Sustainable Development: Energy Informatics and New
Directions for the IS Community. MIS Quarterly, vol. 34, 23-38 (2010)

Goebel, C., Jacobsen, H.-A., del Razo, V., Doblander, C., Rivera, J., llg, J., Flath,
C., Schmeck, H., Weinhardt, C., Pathmaperuma, D., et al.: Energy Informatics.
Bus Inf Syst Eng, vol. 6, 25-31 (2014). doi: 10.1007/s12599-013-0304-2



15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

Staudt, P., Lehnhoff, S., Watson, R.: Call for Papers, Issue 3/2021. Bus Inf Syst
Eng, vol. 61, 767-769 (2019). doi: 10.1007/s12599-019-00619-x

Fridgen, G., Korner, M.-F., Walters, S., Weibelzahl, M.: Not All Doom and
Gloom: How Energy-Intensive and Temporally Flexible Data Center
Applications May Actually Promote Renewable Energy Sources. Bus Inf Syst
Eng, vol. (2021). doi: 10.1007/s12599-021-00686-z

Lehnhoff, S., Staudt, P., Watson, R.T.: Changing the Climate in Information
Systems Research. Bus Inf Syst Eng, vol. (2021). doi: 10.1007/s12599-021-
00695-y

Kondziella, H., Bruckner, T.: Flexibility requirements of renewable energy based
electricity systems — a review of research results and methodologies. Renewable
and Sustainable Energy Reviews, vol. 53, 10-22 (2016). doi:
10.1016/j.rser.2015.07.199

Fridgen, G., Keller, R., Kérner, M.-F., Schépf, M.: A holistic view on sector
coupling. Energy Policy, vol. 147, 1-8 (2020). doi: 10.1016/j.enpol.2020.111913
Coninck, H. de, Revi, A., Babiker, M., Bertoldi, P., Buckeridge, M., Cartwright,
A., Dong, W., Ford, J., Fuss, S., Hourcade, J.-C., et al.: Strengthening and
Implementing the Global Response. In: Global Warming of 1.5°C. An IPCC
Special Report on the impacts of global warming of 1.5°C above pre-industrial
levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty, vol. (2018)

Fridgen, G., Hafner, L., Konig, C., Sachs, T.: Providing Utility to Utilities: The
Value of Information Systems Enabled Flexibility in Electricity Consumption.
Journal of the Association for Information Systems, vol. 17, 537-563 (2016). doi:
10.17705/1jais.00434

Fridgen, G., Michaelis, A., Rinck, M., Schopf, M., Weibelzahl, M.: The search
for the perfect match: Aligning power-trading products to the energy transition.
Energy Policy, vol. 144 (2020). doi: 10.1016/j.enpol.2020.111523

Heffron, R., Kdrner, M.-F., Wagner, J., Weibelzahl, M., Fridgen, G.: Industrial
demand-side flexibility: A key element of a just energy transition and industrial
development. Applied Energy, vol. 269, 1-13 (2020). doi:
10.1016/j.apenergy.2020.115026

Antonopoulos, I., Robu, V., Couraud, B., Kirli, D., Norbu, S., Kiprakis, A.,
Flynn, D., Elizondo-Gonzalez, S., Wattam, S.: Artificial intelligence and machine
learning approaches to energy demand-side response: A systematic review.
Renewable and Sustainable Energy Reviews, vol. 130, 1-35 (2020). doi:
10.1016/j.rser.2020.109899

Gregor, S.: The Nature of Theory in Information Systems. Management
Information Systems Quarterly, vol. 30, 611-642 (2006)

Nickerson, R.C., Varshney, U., Muntermann, J.: A method for taxonomy
development and its application in information systems. European Journal of
Information Systems, vol. 22, 336-359 (2013). doi: 10.1057/ejis.2012.26



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Malhotra, A., Melville, N.P., Watson, R.T.: Spurring Impactful Research on
Information Systems for Environmental Sustainability. MIS Quarterly, vol. 37,
1265-1274 (2013)

vom Brocke, J., Watson, R.T., Dwyer, C., Elliot, S., Melville, N.: Green
Information Systems: Directives for the IS Discipline. CAIS, vol. 33 (2013). doi:
10.17705/1CAIS.03330

Dedrick, J.: Green IS: Concepts and Issues for Information Systems Research.
CAIS, vol. 27 (2010). doi: 10.17705/1CAIS.02711

Jéckle, F., Schoepf, M., Toppel, J., Wagon, F.: Risk Mitigation Capability of
Flexibility Performance Contracts for Demand Response in Electricity.
Proceedings of the 27th European Conference on Information Systems (ECIS),
vol. (2019)

Heghedus, C., Chakravorty, A., Rong, C.: Energy Informatics Applicability;
Machine Learning and Deep Learning. In: 2018 IEEE/ACIS 3rd International
Conference on Big Data, Cloud Computing, Data Science & Engineering. BCD
2018: Yonago, Japan, 10-12 July 2018: proceedings, pp. 97-101. IEEE,
Piscataway, NJ (2018). doi: 10.1109/BCD2018.2018.00023

Oberlander, A.M., Lésser, B., Rau, D.: Taxonomy research in information
systems: A systematic assessment. Proceedings of the 27th European Conference
on Information Systems (ECIS), vol. (2019)

Szopinski, D., Schoormann, T., Kundisch, D.: Because your taxonomy is worth
it: Towards a framework for taxonomy evaluation. Proceedings of the 27th
European Conference on Information Systems (ECIS), vol. (2019)

Pathak, A.R., Pandey, M., Rautaray, S.: Construing the big data based on
taxonomy, analytics and approaches. Iran J Comput Sci, vol. 1, 237-259 (2018).
doi: 10.1007/s42044-018-0024-3

Zrenner, J., Hassan, A.P., Otto, B., Marx Gémez, J.C.: Data source taxonomy for
supply network structure visibility. In: Kersten, W., Blecker, T., Ringle, C.M.
(eds.) Digitalization in supply chain management and logistics. Smart and digital
solutions for an industry 4.0 environment : proceedings of the Hamburg
International Conference of Logistics (HICL). Proceedings of the Hamburg
International Conference of Logistics (HICL), 117-137. epubli GmbH, Berlin
(2017). doi: 10.15480/882.1472

Hartmann, P.M., Zaki, M., Feldmann, N., Neely, A.: Big Data for Big Business?
A Taxonomy of Data-driven Business Models used by Start-up Firms. Cambridge
Service Alliance, vol. (2014)

Mitchell, C.: Momentum is increasing towards a flexible electricity system based
on renewables. Nat Energy, vol. 1 (2016). doi: 10.1038/nenergy.2015.30
Palensky, P., Dietrich, D.: Demand Side Management: Demand Response,
Intelligent Energy Systems, and Smart Loads. IEEE Trans. Ind. Inf., vol. 7, 381—
388 (2011). doi: 10.1109/T11.2011.2158841

Gellings, C.W.: The concept of demand-side management for electric utilities.
Proceedings of the IEEE, vol. 73, 1468-1470 (1985). doi:
10.1109/PR0OC.1985.13318



40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

Albadi, M., El-Saadany, E.: 2007 IEEE Power Engineering Society general
meeting. Tampa, FL, 24 - 28 June 2007. IEEE Service Center, Piscataway, NJ
(2007)

Striker, J., Dinther, C.: Demand Response in Smart Grids: Research
Opportunities for the IS Discipline. AMCIS 2012 Proceedings, vol. (2012)
Maller, T., Most, D.: Demand Response Potential: Available when Needed?
Energy Policy, vol. 115, 181-198 (2018). doi: 10.1016/j.enpol.2017.12.025
Russell, S.J., Norvig, P., Davis, E., Edwards, D.: Artificial intelligence. A modern
approach. Pearson, Boston, Columbus, Indianapolis, New York, San Francisco,
Upper Saddle River, Amsterdam, Cape Town, Dubai, London, Madrid, Milan,
Munich, Paris, Montreal, Toronto, Delhi, Mexico City, Sao Paulo, Sydney, Hong
Kong, Seoul, Singapore, Taipei, Tokyo (2016)

Laughton, M.A.: Artificial intelligence techniques in power systems, vol. (1997).
doi: 10.1049/ic:19971179

Pham, D., Pham, P.: Artificial intelligence in engineering. International Journal of
Machine Tools and Manufacture, vol. 39, 937-949 (1999). doi: 10.1016/S0890-
6955(98)00076-5

Johnk, J., Weilert, M., Wyrtki, K.: Ready or Not, Al Comes— An Interview
Study of Organizational Al Readiness Factors. Bus Inf Syst Eng, vol. , 1-16
(2020). doi: 10.1007/s12599-020-00676-7

Ramos, C., Liu, C.-C.: Al in Power Systems and Energy Markets. IEEE
Intelligent Systems, vol. 26, 5-8 (2011). doi: 10.1109/M1S.2011.26

Jha, S.K., Bilalovic, J., Jha, A., Patel, N., Zhang, H.: Renewable energy: Present
research and future scope of Artificial Intelligence. Renewable and Sustainable
Energy Reviews, vol. 77, 297-317 (2017). doi: 10.1016/j.rser.2017.04.018

Shi, Z., Yao, W., Li, Z,, Zeng, L., Zhao, Y., Zhang, R., Tang, Y., Wen, J..
Artificial intelligence techniques for stability analysis and control in smart grids:
Methodologies, applications, challenges and future directions. Applied Energy,
vol. 278 (2020). doi: 10.1016/j.apenergy.2020.115733

Bose, B.K.: Artificial Intelligence Techniques in Smart Grid and Renewable
Energy Systems—Some Example Applications. Proceedings of the IEEE, vol.
105, 2262-2273 (2017). doi: 10.1109/JPROC.2017.2756596

Glass, R.L., Vessey, I.: Contemporary application-domain taxonomies. IEEE
Software, vol. 12, 63—76 (1995). doi: 10.1109/52.391837

Bailey, K.D.: Typologies and Taxonomies. An Introduction to Classification
Techniques. Sage University Paper series on Quantitative Applications in the
Social Sciences, vol. (1994)

Bock, M., Wiener, M.: Towards a Taxonomy for Digital Business Models -
Conceptual Dimensions and Empirical Illustrations. Proceedings 38th
International Conference on Information Systems (ICIS 2017), vol. (2017)
Buck, C., Krombacher, A., Wyrtki, K.M.: How digital is social? Taking
advantage of digital for social purposes. Proceedings of the 28th European
Conference on Information Systems (ECIS) - A Virtual AIS Conference, vol.
(2020)



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Puschel, L., Roeglinger, M., Schlott, H.: What's in a Smart Thing? Development
of a Multi-layer Taxonomy. ICIS 2016 Proceedings, vol. (2016)

Sachs, T., Grundler, A., Rusic, M., Fridgen, G.: Framing Microgrid Design from
a Business and Information Systems Engineering Perspective. Bus Inf Syst Eng,
vol. 61, 729-744 (2019). doi: 10.1007/s12599-018-00573-0

Webster, J., Watson, R.T.: Analyzing the Past to Prepare for the Future: Writing a
Literature Review. MIS Quarterly, vol. 26, xiii—xxiii (2002)

Cheung, C.M., Kannan, R., Prasanna, V.K.: Temporal ensemble learning of
univariate methods for short term load forecasting. In: 2018 IEEE Power &
Energy Society Innovative Smart Grid Technologies Conference (ISGT), pp. 1-5.
IEEE (2018). doi: 10.1109/1ISGT.2018.8403378

Liu, Z.J., Xiao, N., Wang, X., Xu, H.: EIman neural network model for short term
load forecasting based on improved demand response factor. In: 2017 7th
International Conference on Power Electronics Systems and Applications - Smart
Mobility, Power Transfer & Security (PESA), pp. 1-5. IEEE (2017). doi:
10.1109/PESA.2017.8277754

Zhou, D., Balandat, M., Tomlin, C.: A Bayesian perspective on Residential
Demand Response using smart meter data. In: 2016 54th Annual Allerton
Conference on Communication, Control, and Computing (Allerton), pp. 1212—
1219. IEEE (2016). doi: 10.1109/ALLERTON.2016.7852373

Giovanelli, C., Liu, X., Sierla, S., Vyatkin, V., Ichise, R.: Towards an aggregator
that exploits big data to bid on frequency containment reserve market. In: IECON
2017 - 43rd Annual Conference of the IEEE Industrial Electronics Society, pp.
7514-7519. IEEE (2017). doi: 10.1109/IECON.2017.8217316

Pal, S., Kumar, R.: Price prediction techniques for residential demand response
using support vector regression 2016 IEEE 7th Power India, pp. 1-6 (2016). doi:
10.1109/POWERI.2016.8077427

Lin, Y.-H., Tsai, M.-S.: An Advanced Home Energy Management System
Facilitated by Nonintrusive Load Monitoring With Automated Multiobjective
Power Scheduling. IEEE Trans. Smart Grid, vol. 6, 1839-1851 (2015). doi:
10.1109/TSG.2015.2388492

Rehman, N.U., Rahim, H., Ahmad, A., Khan, Z.A., Qasim, U., Javaid, N.:
Heuristic Algorithm Based Energy Management System in Smart Grid. In: 2016
10th International Conference on Complex, Intelligent, and Software Intensive
Systems (CISIS), pp. 396-402. IEEE (2016). doi: 10.1109/CISIS.2016.125
Shoji, T., Hirohashi, W., Fujimoto, Y., Hayashi, Y.: Home energy management
based on Bayesian network considering resident convenience. In: 2014
International Conference on Probabilistic Methods Applied to Power Systems
(PMAPS), pp. 1-6. IEEE (2014). doi: 10.1109/PMAPS.2014.6960597

Faria, P., Soares, J., Vale, Z., Morais, H., Sousa, T.: Modified Particle Swarm
Optimization Applied to Integrated Demand Response and DG Resources
Scheduling. IEEE Trans. Smart Grid, vol. 4, 606-616 (2013). doi:
10.1109/TSG.2012.2235866



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

Pedrasa, M., Spooner, T.D., MacGill, I.F.: Scheduling of Demand Side Resources
Using Binary Particle Swarm Optimization. IEEE Trans. Power Syst., vol. 24,
1173-1181 (2009). doi: 10.1109/TPWRS.2009.2021219

Bakr, S., Cranefield, S.: Using the Shapley Value for Fair Consumer
Compensation in Energy Demand Response Programs: Comparing Algorithms.
In: 2015 IEEE International Conference on Data Science and Data Intensive
Systems, pp. 440-447. IEEE (2015). doi: 10.1109/DSDIS.2015.83

O'Brien, G., El Gamal, A., Rajagopal, R.: Shapley Value Estimation for
Compensation of Participants in Demand Response Programs. IEEE Trans. Smart
Grid, vol. 6, 2837-2844 (2015). doi: 10.1109/TSG.2015.2402194

L. Jia, Q. Zhao, L. Tong: Retail pricing for stochastic demand with unknown
parameters: An online machine learning approach. In: 2013 51st Annual Allerton
Conference on Communication, Control, and Computing (Allerton), pp. 1353—
1358 (2013). doi: 10.1109/Allerton.2013.6736684

Lu, R., Hong, S.H., Zhang, X., Ye, X., Song, W.S.: A Perspective on
Reinforcement Learning in Price-Based Demand Response for Smart Grid. In:
2017 International Conference on Computational Science and Computational
Intelligence (CSCI), pp. 1822-1823. IEEE (2017). doi: 10.1109/CSC1.2017.327
Jia, L., Zhao, Q., Tong, L.: Retail pricing for stochastic demand with unknown
parameters: An online machine learning approach. In: 2013 51st Annual Allerton
Conference on Communication, Control, and Computing (Allerton), pp. 1353-
1358. IEEE (2013). doi: 10.1109/Allerton.2013.6736684

Albert, A., Rajagopal, R.: Smart Meter Driven Segmentation: What Your
Consumption Says About You. IEEE Trans. Power Syst., vol. 28, 4019-4030
(2013). doi: 10.1109/TPWRS.2013.2266122

Cao, H.-A., Beckel, C., Staake, T.: Are domestic load profiles stable over time?
An attempt to identify target households for demand side management
campaigns. In: IECON 2013 - 39th Annual Conference of the IEEE Industrial
Electronics Society, pp. 4733-4738. IEEE (2013). doi:
10.1109/IECON.2013.6699900

Medved, T., Arta¢, G., Gubina, A.F.: The use of intelligent aggregator agents for
advanced control of demand response. WIRESs Energy Environ., vol. 7 (2018).
doi: 10.1002/wene.287

Simmhan, Y., Aman, S., Kumbhare, A., Liu, R., Stevens, S., Zhou, Q., Prasanna,
V.: Cloud-Based Software Platform for Big Data Analytics in Smart Grids.
Comput. Sci. Eng., vol. 15, 38-47 (2013). doi: 10.1109/MCSE.2013.39

Huang, D., Thottan, M., Feather, F.: Designing customized energy services based
on disaggregation of heating usage. In: 2013 IEEE PES Innovative Smart Grid
Technologies Conference (ISGT), pp. 1-6. IEEE (2013). doi:
10.1109/1SGT.2013.6497863

Spinola, J., Faria, P., Vale, Z.: Aggregation validation approach for the
management of resources in a smart grid. In: 2016 IEEE Symposium Series on
Computational Intelligence (SSCI), pp. 1-7. IEEE (2016). doi:
10.1109/SSCI.2016.7849861



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Margaret, V., Uma Rao, K.: Demand response for residential loads using artificial
bee colony algorithm to minimize energy cost. In: TENCON 2015 - 2015 IEEE
Region 10 Conference, pp. 1-5. IEEE (2015). doi:
10.1109/TENCON.2015.7372868

Lu, R., Hong, S.H., Zhang, X.: A Dynamic pricing demand response algorithm
for smart grid: Reinforcement learning approach. Applied Energy, vol. 220, 220—
230 (2018). doi: 10.1016/j.apenergy.2018.03.072

Patyn, C., Ruelens, F., Deconinck, G.: Comparing neural architectures for
demand response through model-free reinforcement learning for heat pump
control. In: 2018 IEEE International Energy Conference (ENERGYCON), pp. 1—
6. IEEE (2018). doi: 10.1109/ENERGY CON.2018.8398836

Wan, Z., Li, H., He, H., Prokhorov, D.: A Data-Driven Approach for Real-Time
Residential EV Charging Management. 2018 IEEE Power & Energy Society
General Meeting (PESGM), vol. , 1-5 (2018). doi:
10.1109/PESGM.2018.8585945

Panapakidis, 1., Asimopoulos, N., Dagoumas, A., Christoforidis, G.C.: An
Improved Fuzzy C-Means Algorithm for the Implementation of Demand Side
Management Measures. Energies, vol. 10, 1407 (2017). doi: 10.3390/en10091407
Chasin, F., Paukstadt, U., Ullmeyer, P., Becker, J.: Creating Value From Energy
Data: A Practitioner’s Perspective on Data-Driven Smart Energy Business
Models. Schmalenbach Bus Rev, vol. 72, 565-597 (2020). doi: 10.1007/s41464-
020-00102-1

Yang, C., Cheng, Q., Lai, P., Liu, J., Guo, H.: Data-Driven Modeling for Energy
Consumption Estimation. In: Aloui, F., Dincer, I. (eds.) Exergy for A Better
Environment and Improved Sustainability 2. Green Energy and Technology, pp.
1057-1068. Springer International Publishing, Cham (2018). doi: 10.1007/978-3-
319-62575-1_72

Vale, Z.A., Ramos, C., Ramos, S., Pinto, T.: Data mining applications in power
systems — Case-studies and future trends Transmission & Distribution
Conference, pp. 1-4 (2009). doi: 10.1109/TD-ASIA.2009.5356830

Hirth, L.: Open data for electricity modeling: Legal aspects. Energy Strategy
Reviews, vol. 27, 1-11 (2020). doi: 10.1016/j.esr.2019.100433

Jain, P., Gyanchandani, M., Khare, N.: Big data privacy: a technological
perspective and review. J Big Data, vol. 3 (2016). doi: 10.1186/s40537-016-0059-
y

Park, S., Ryu, S., Choi, Y., Kim, J., Kim, H.: Data-Driven Baseline Estimation of
Residential Buildings for Demand Response. Energies, vol. 8, 10239-10259
(2015). doi: 10.3390/en80910239

Pipino, L.L., Lee, Y.W., Wang, R.Y.: Data quality assessment. Commun. ACM,
vol. 45, 211-218 (2002). doi: 10.1145/505248.506010

Yang, C., Létourneau, S., Guo, H.: Developing Data-driven Models to Predict
BEMS Energy Consumption for Demand Response Systems. In: Ali, M. (ed.)
Modern advances in applied intelligence. 27th International Conference on
Industrial Engineering and Other Applications of Applied Intelligent Systems,



92.

93.

94.

95.

IEA/AIE 2014, Kaohsiung, Taiwan, June 3-6, 2014: proceedings. Lecture notes
in computer science, pp. 188-197. Springer, Cham (2014)

Watson, R.T., Ketter, W., Recker, J., Seidel, S.: Transitioning to Intermittent
Energy: The Critical Digital Transformation of the Decade, vol. (2020). doi:
10.2139/ssrn.3737738

Pfenninger, S., DeCarolis, J., Hirth, L., Quoilin, S., Staffell, I.: The importance of
open data and software: Is energy research lagging behind? Energy Policy, vol.
101, 211-215 (2017). doi: 10.1016/j.enpol.2016.11.046

Wiese, F., Schlecht, I., Bunke, W.-D., Gerbaulet, C., Hirth, L., Jahn, M., Kunz,
F., Lorenz, C., Mihlenpfordt, J., Reimann, J., et al.: Open Power System Data —
Frictionless data for electricity system modelling. Applied Energy, vol. 236, 401—
409 (2019). doi: 10.1016/j.apenergy.2018.11.097

Pfenninger, S., Hirth, L., Schlecht, 1., Schmid, E., Wiese, F., Brown, T., Davis,
C., Gidden, M., Heinrichs, H., Heuberger, C., et al.: Opening the black box of
energy modelling: Strategies and lessons learned. Energy Strategy Reviews, vol.
19, 63-71 (2018). doi: 10.1016/j.esr.2017.12.002



	Artificial Intelligence in Energy Demand Response: A Taxonomy of Input Data Requirements
	Recommended Citation

	tmp.1643015163.pdf.8Lz7s

