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Abstract:

This paper delves into the subdomain of Energy Informatics and aims to study the design of Green
IS for electric systems. We contend that essential differences in the physical and economic
characteristics between electric and other energy systems require special considerations in
designing their IS. We develop an analytical framework to construct and evaluate Green IS
information flow representation. We apply the analytical framework to a specific Green IS
application: Vehicle-to-Grid (V2G), a socio-technical system enabling the use of Electric
Vehicles (EVs) as energy storage. The study of V2G information flow unveils their design rules
and the need for additional actor categories that have not been previously considered in energy

informatics, highlighting new research directions in the design of Green IS for electricity systems.
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1. Introduction

The design and analysis of Green Information Systems (Green IS) is an important and emerging
area of research (Watson, 2008; Watson et al., 2010; Dedrick, 2010; Malhotra & Hill, 2013;
Gholami et al., 2016). Green IS assists in generating, exchanging, and analyzing information to
improve economic and environmental sustainability (Dedrick, 2010). One domain where Green
IS has been studied because it has been proven particularly relevant for ecological sustainability
is their applications to energy systems’ sustainability.

Energy informatics is a subdomain in Information Systems (IS) research that studies Green IS on
energy systems (Watson et al., 2010). Its main objective is to study how Green IS can enable the
optimal level of information for the stakeholders of an energy system (Watson et al., 2010). The
underlying assumption that motivates this research domain is that if the correct information is
available to the stakeholders of an energy system, it will improve its economic and environmental
decision-making (Watson et al., 2010). In energy informatics, Watson et al. (2010) propose to
analyze how an IS can integrate the optimal granularity of supply and demand data to increase
the efficiency of an energy system. However, in IS, how an IS integrates supply and demand data
is specified in design artifacts, which are the blueprints that define the work, organization, and
resources required to support the exchange and analysis of information for a specific purpose
(Chen & Nunamaker, 1991; Hevner et al., 2004). Therefore, if we want to know how to integrate
the optimal granularity of supply and demand data, we need to be able to answer the following
question: How to design Green IS on energy systems?

This research aims to study the design of Green IS for a sub-type of energy systems: electric
systems. We justify our scope because we contend that essential differences in the physical and
economic characteristics between electric and other energy systems require special considerations
in designing their IS. Most notably, these differences are two: first, the transmission of electricity
follows particular laws that require quick reactions from the system operator to balance supply
with demand (the transmission of electricity follows Kirchoff laws of current, which implies that
supply, demand, and losses need to be balanced according to the grid capacity to have efficient
transmission of electricity), and second the creation of regulated power markets to exchange
energy that has been design for large-centralized generation units. Furthermore, given the global
efforts to decarbonize energy systems, several industries and systems are being electrified to take
advantage of decarbonized energy sources such as solar or wind. Therefore, it is crucial to analyze
how to maximize the potential value created by integrating Green IS into electric systems (Ketter
etal., 2022, 2018).

We develop an analytical framework to construct and evaluate the representation of IS design
artifacts. The framework relies on identifying information tasks and the actors performing them
in scientific publications to build a standard representation of an IS information flow. We contend
that the information flow provides us with several examples of how IS can aggregate and enable
the optimal level of information for the stakeholders of an energy system (Watson et al., 2010).
Then, we use the standard structure of the information flow to compare the design amongst
publications, aiming to provide insights into the IS design process. Indeed, according to Hevner
et al. (2004), there is an interplay between scientific knowledge influencing design artifacts and
design artifacts affecting scientific knowledge. Thus, understanding the theoretical design
assumptions is central to understanding how to design Green IS. To derive insights into the design
of Green IS in electric systems, we apply the analytical framework to a specific Green IS
application: Vehicle-to-Grid (V2G), a socio-technical system enabling the management of the
energy demand and supply from Electric Vehicles (EVs). It is an interesting case to study because
it challenges the current design of electric systems. Under V2G, the batteries in the EVs can be
used as sources of electricity storage, allowing them to coordinate their charge with the supply of



electricity from renewable energies, but also to discharge them in times of lower intermittent
renewable energy production, avoiding the production of electricity from fossil fuels (Kempton
& Tomi¢, 2005; Lund & Kempton, 2008; Turton & Moura, 2008).

Our analysis of V2G shows that to design Green IS for electricity systems, two sets of actors need
to be added to the ones considered in Watson's framework: prosumers and aggregators. Designing
green V2G systems requires specifically integrating these types of actors. By analyzing the
current V2G literature, we also find that the current literature has not paid attention to the
information flows necessary to optimize green V2G. From this analysis, we can derive avenues
for future research in Green IS for electricity systems, and therefore, Green IS, but also new design
criteria for making V2G systems possible.

This paper is structured in six sections. In the next section, we describe the research framing Green
IS's design for energy systems. Then, we explain why the design of electric systems requires
special consideration and set the V2G application as an essential design problem after introducing
the analytical framework and results from the V2G Green IS design analysis. Further, we discuss
the analysis results and provide new research questions to further the research agenda on Green
IS integration on electric systems—finally, the conclusions.

2. Design of Green IS for energy systems

In search of solving environmental challenges, the Green IS discipline orients its efforts to
investigate the design and use of IS to facilitate sustainability transformation (Melville, 2010;
Elliot, 2011; Gholami et al.,. 2016). In the case of energy systems, their environmental
sustainability scope is far beyond a single organization and requires an understanding of the
interdependencies between the system’s performance and its environment (Watson et al., 2010).
In their seminal work, Watson et al. (2010) define three relevant components in a Green IS on
energy system: a flow network that are the transport components that support the distribution and
consumption of energy — e.g., transmission grids for electricity or pipelines to transport biogas,
gas, hydrogen, heat, etc; a sensor network which are distributed devices that reports the status of
a physical item or environmental condition; and sensitized objects which are the physical good
that a consumer owns or manages to exchange and control their data.

Watson et al. (2010) propose that IS be designed to enable and motivate environment-efficient
solutions to an energy system’s stakeholders: consumers, suppliers, and government. An IS
should tie together all three components of a Green IS on an energy system and enable each
stakeholder to receive the information to improve its environmental decision-making. From the
interaction between the stakeholders and components, Watson et al. (2010) propose nine research
questions that IS scholars should analyze to understand how an IS could optimally manage an
energy system’s supply and demand (Table 1).

Table 1
Watson et al. (2010) research question matrix.
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Answering the research questions from Table 1 requires, as Watson et al. (2010) suggest, that IS
scholars apply the principles of DSR to develop a deeper understanding of how IS should be
designed to enable the optimal level of information to be aggregated for stakeholders. From an IS
perspective, DSR is the framework to address the construction and evaluation of IS design
artifacts: a blueprint that defines the work, organization, and resources required to support the
exchange and analysis of information for a specific purpose (Chen & Nunamaker, 1991; Hevner
et al., 2004).

Figure 1
Design as a three-cycle search process (Hevner, 2007)
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In their seminal work, Hevner et al. (2004; 2007) propose conceptualizing design as an inherently
iterative search process that connects three types of cycles, as shown in Figure 1. Using DSR
principles as a lens to respond to energy informatics research questions requires acknowledging
that IS are purposedly created artifacts for a specified problem. In the case of energy informatics
questions, the problem that Green IS proposes to solve is to improve energy systems’
environmental sustainability. Therefore, answering energy informatics questions requires us to
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understand the design process required to provide a more effective way to solve energy systems'
current management, enabling more and better information.

3. Why do we need special considerations to design Green IS on electric
systems?

We need special considerations to design Green IS on electric systems because specific technical
and economic forces shape them. As Watson et al. (2010) suggest, considering external forces is
essential to all energy systems on Green IS design. Therefore, our objective in this section is first
to describe the technical and economic forces that differentiate electric systems from other energy
systems. Then, we problematize the interaction between these forces by analyzing the application
of Green IS on energy systems technologies.

3.1.  Forces shaping electric systems

Figure 2 summarizes the main forces. Furthermore, we have organized them according to their
relevance. We distinguish between the fundamental forces derived from the knowledge base of
the physics of electricity systems and the economic forces derived from the solutions that
economists, engineers, and policymakers have proposed to address the fundamental
characteristics of electric systems design. The more fundamental the force, the more it might be
relevant as a factor in Green IS design.

Figure 2
Forces affecting the design of electric systems (Authors).

3. Electricity systems regulation.
3.1. Market regulation
3.2. The system operator
is a monopolist.

2. Electricity transmission

networks require continuous
balance.

1. Electricity is not a fluid.

Fundamental (physical) forces Economic forces

Shaping Force (SF) 1: Electricity is not a fluid. The Cambridge Dictionary defines electricity as
“a form of energy that can be produced in several ways, and that provides power to devices that
create light, heat, etc...”. In @rsted transformative paper published in 1821 studying
electromagnetism, he showed that the action of the force of an electric current in the magnet does
not depend on the direction nor the substance but instead in the movement of charged particles
(i.e., electric current) (Meyer, 1931). In contrast, most non-electric energy systems, such as those
that transport gas or liquids, require the fluid to perform work, while on an electric system, work
is done when a charge is moved in an electric field (Smythe, 1988). Therefore, in energy systems
where the work depends on the fluid, the network flow is uni-directional, from upstream, where
the fluid is pumped, to downstream, where the fluid is consumed, while in electric systems, the
work can be both consume and produce in all parts of the electric systems, as long the current
laws are respected.



SF 2: Electric transmission and distribution networks require continuous balance. Derived from
SF 1, electricity can only be delivered by wires, and Kirchhoff's current laws govern the efficiency
of transmitting electricity through wires (Sorokin et al., 2012). According to Kirchoff’s circuit
laws, the algebraic sum of the power flow (all electric currents entering and exiting) in a network
node must equal zero (Smythe, 1988). Therefore, the transmission and distribution networks
require that electricity production is balanced with power consumption and losses.

SF 3: Electricity systems regulation. One must understand the liberalization reforms during the
late 80s and early 90s to understand electric systems' organization today. The objective of
liberalization for the electric industry was to ensure that prices reflect "the efficient economic cost
of supplying electricity and service quality attributes that reflect consumer valuations™ (Joskow,
2008). Before, electric systems were dominated by vertically integrated monopolies that had
overall authority and control of the assets and information of electric systems. After the
liberalization reforms, most electric systems were divided into four segments: Generation and
Retail supply, where competition was introduced through power markets, and transmission and
distribution, which were kept as natural monopolies. We will expand more on these two
approaches below.

SF 3.1. Markets regulation. Separating the generation and retail as competitive segments relies
on creating competitive wholesale power markets. These markets created through regulatory
reforms enable retailers, which aggregate the demand from several consumers, to buy power
at a marginal price (Joskow, 2008).

The ideal market regulations, from an economic point of view, are those that enable all
products and services to be efficiently priced by the marketplace, which requires that their
design follows some principles: time electricity prices are determined at a very granular
temporal level; space, price should reflect how demand or costs differ across locations; carbon
emissions and air pollutants should be priced (Newbery et al., 2018). Nevertheless, various
political and institutional constraints exist around the market design application of these
principles, which creates market failures in most power market designs (Newbery et al., 2018).

SF 3.2.: System operator is a monopolist. Because of SF2, the transmission and distribution
of electricity have been reformed differently than the generation and retail segments, under the
assumption that markets will not be able to provide as efficiently the service of balancing the
electric grid and following Kirchhoff’s current law. In particular, economists deemed that
operating the network infrastructure requires rapid responses to unanticipated failures or
changes in supply or demand to continue to meet the optimal network requirements (Joskow
& Tirole, 2007). Therefore, Independent System Operators (ISO), Transmission System
Operators (TSO), and Distribution System Operators (DSO) were endowed with a regulatory
framework to act as responsible for the electric grid operation and coordinate the dispatch of
energy that is derived from the auctions in power markets, only if it does not pose a risk to
follow the physical constraints of the electric grids.

The forces shaping electric systems are currently design principles for exchanging and using
information in electric systems. Indeed, information from the physical components of the electric
grid is aggregated by the system operators, while information on demand and supply is aggregated
in power markets. In this context, the uptake of information and communication technologies
(ICT) on electric equipment and the reduction in costs of distributed energy resources (DER) such
as rooftop solar panels and small battery storage might challenge these principles, enabling a
decentralized operation of the electric grid and creating tension between the current paradigm on
IS, and the adoption of new types of DER. For example, instead of centralized supply following
demand, Green IS might simultaneously turn the electricity system into a more complex set of
interactions driven by actors performing both supply and demand (Burger et al., 2019).
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Consequently, for the design of Green IS on an electric system, we should ask ourselves how
Green IS can harness the forces shaping an electric system and provide a more effective way to
improve the sustainability of the system.

3.2.  V2G as a Green IS design problem

Vehicle-to-Grid (V2G) has received interest from the industry, the academic literature, and
governments as an essential technological solution that can address energy storage needs. Enabled
by information communication technologies within the EV and electric grid — “smart grid”- it
allows the coordination of the charge or discharge of several EVs, using their batteries as
distributed sources of energy storage (Kempton & Tomi¢, 2005; Lund & Kempton, 2008; Turton
& Moura, 2008). Suppose the coordination is done to achieve electric grid decarbonization. In
that case, it might reduce the need to install additional battery energy storage systems and reduce
greenhouse gas emissions while being economically attractive to EV users (Andreotti et al., 2012;
Parag & Sovacool, 2016; Chandra Mouli et al., 2019; Zheng et al., 2019).

There is consensus among practitioners and within the academic literature that V2G complexity
is one of the main issues as to why there is still no commercial business model that can deliver
V2G at a large scale (Gschwendtner et al., 2021; Sovacool et al., 2020). The efforts to manage
the complexity and develop new business models from the practitioners have occasioned several
pilot programs developed by joint ventures. Indeed, there are currently more than 128 V2G pilot
projects worldwide (V2G Data Hub, 2023).

The complexity of V2G is driven by the numerous stakeholders that might be involved in the
V2G flow network, which consists of at least three interdependent components involved in the
optimization: the electricity grid, the electric vehicle supply equipment (EVSE), and the EV.
Different stakeholders control the components within V2G, which might influence the
architecture, function, and goals of the IS that will enable the optimization of the energy system.

In Figure 3, we have laid out V2G complexity from a supply and demand perspective. From the
supply side, IS should enable the grid system operator to manage the electricity grid according to
the physical constraints given by the Kirchhoff law. Therefore, V2G requires that information on
the state of EVs and the Electric Vehicle Supply Equipment (EVSE) be dynamically exchanged
with the grid operator to guarantee the safe operation of the electricity grid. Indeed, given the
distributed nature of EVs and individually little power compared to most generators in the
electricity market, EVs can supply energy to the grid only through aggregation (Borne et al.,
2018). Aggregation allows to “bulk” the energy from several EVs but imposes complexity that
the IS needs to manage. It requires that the IS communicates the data sent from different types of
EVs, potentially located at different places, connected to different types of EVSEs, with EV
owners with several driving needs. From the demand side, the IS should enable EV users to react
to the production of renewable while avoiding the creation of peaks in EV energy demand.
Therefore, the IS needs to incentivize EV owners to spread their charge. Even more, the 1S should
consider that EV owners might charge at different places and with different types of use cases.
EV owners might charge at home, in public EVSEs, or semi-public EVSEs. The EVSE might be
operated by an operator that provides the charging service and will most probably manage the
relationship directly with the EV users and affect the final price of electricity directly.



Figure 3
V2G as an energy supply and demand optimization problem
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Furthermore, as Watson et al. (2010) suggest, an IS should tie together the three elements of an
intelligent energy system — i.e., the power flow, the network of sensors, and sensitized objects,
enabling stakeholders to exchange information. In Figure 4, we build a graphical representation
of the interdependencies within the IS of V2G. It shows an interdependency between the
information flow considered, which the stakeholders approve, and the outcome of the network
flow optimization, affecting stakeholders’ decisions to share information. This figure
demonstrates many interdependent factors, making them seemingly impossible to solve. Thus,
deciding what information is needed to include in the information flow and how to optimize the
power network flow are interdependent choices. Even more, the optimization should provide
value to all stakeholders involved. Otherwise, they might not participate in the information flow,
making it even more challenging to address the complexity of environmental sustainability.

Figure 4
An example of how a Green IS ties together the components of an energy system. (Authors)
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Given the several constraints imposed by the complexity of V2G, information gaps might severely
limit its benefits. Indeed, V2G requires stakeholders to exchange information to internalize all the
environmental and economic constraints in supply and demand. Therefore, Green IS design
should be able to address this constraint. In the next section, we investigate the different
alternatives the academic literature proposes to address this issue, focusing on its information
flow.

4. Analyzing V2G information flow design

We are considering that Green IS design is an artifact (Simon, 1988) that, from an IS perspective,
is a blueprint that defines the work, organization, and resources required to support the exchange
and analysis of information for a specific purpose (Chen & Nunamaker, 1991; Hevner et al.,
2004). We aim to analyze the information flow of V2G, identify how Green IS can close the
information gaps, and manage the complexity of improving environmental sustainability while
addressing the forces shaping the electric system. Therefore, in this section, we first present an
analytical framework to build a standard definition of information flow that can be compared
across different V2G designs. Then, we present the results from our analysis.

4.1. Analytical framework: Building a standard information flow
The analytical framework that we propose consists of four steps:

First, we focus on analyzing the V2G academic literature as, until now, it has been the primary
source of rigor for V2G designers. Indeed, there is a scarcity of empirical knowledge or field



studies from large-scale commercial projects (V2G Data Hub, 2023). We aim to identify the V2G
information flow on the articles published in the academic literature through systematic literature
to have a representative sample of academic publications on V2G. We searched for article terms
in two well-known scientific databases, Web of Science (WOS) and Scopus (Echchakoui, 2020).
We considered only publications from academic articles published in index journals to guarantee
consistency in the quality of the publications. We selected “Vehicle-to-Grid” and “Grid integrated
vehicle.” as keywords of the search. Then, we used both databases’ options to export the metadata
of the title, abstract, authors, and references from each article within the search.

Since our analysis requires us to read the articles thoroughly, we cluster them, and from each
cluster, we select a sample of articles. To sample, we selected all the articles within the top 25
percentile from each cluster according to their relative share of citations and cluster centrality. To
perform the clustering, we used a well-known algorithm typically used in systematic literature,
bibliographic clustering? (Cobo et al., 2011; Kessler, 1963; Mas-Tur et al., 2021). Each cluster
represents a sub-division of knowledge within VV2G research.

However, because Scopus and WOS have different methodologies and consider different journals
to calculate the citations of each publication, we could not join both databases and apply
bibliographic coupling as if an article is in both databases, the algorithm will not be able to
calculate their cluster, given that the article might have two different number of citations and
weights in their link. To avoid this problem, we follow Echchakoui (2020) recommendations and
only use one database, selecting the one that better fits our research’s scope and objectives
according to the journals it considers.

Second, we standardize the definition of an information flow using a task-oriented approach. To
do so, we identify within the academic publication how stakeholders interact to exchange
information to optimize the V2G power flow. This approach identifies the stakeholders involved
in V2G and their activities in the 1S. We then use the stakeholder-task pairing to represent the
information exchanges amongst actors as a network graph in which each node represents a
stakeholder, and each link with its direction represents the 1S's information flow. The advantage
of constructing the information flow using this approach is that it allows us to have a comparable
artifact from which we can analyze the patterns of information flow design from several
publications.

To build the network representation of the information flow, we used YEdGraph editor, an open-
source software for network graph analysis. For each network, we apply a network analysis of
weighted centrality using a “page rank” algorithm (Page et al., 1999). The network analysis helps
quantify the position of each actor in the network based on the interdependencies of the
information flow. The algorithm is already implemented in the open-source YEdGraph editor.
The algorithm consists of two steps: First, it ranks the value for each node, assigning an initial
default value. Then, it uses multiple iterations to propagate the rank of a node to its successors.
The propagation of the rank is based on a matrix that defines how the page rank value will be
propagated to the network nodes (Page, 1998). The matrix represents the system’s configuration
by defining the number of outgoing and ingoing links for each node (Page, 1998). The iteration
continues until the changes between iterations of the “page rank” value are below the specified
precision or if the maximal number of iterations is reached (YWorks, 2021). The final page rank
value is scaled by dividing the page ranks by the maximum value obtained by any actors who will
get a page rank of 1 (YWorks, 2021).

2 Bibliographic coupling is an algorithm that identifies clusters of publications with familiar references. It clusters articles based on
comparing two indicators—the number of links, which defines the number of referenced publications two articles have in common,
and —the total weight of links, which adds all the familiar references an article has within its links.

10



Finally, we compare the information flow to identify archetypes from patterns in the information
flow. The archetypes should emerge from relevant dimensions of comparison and synthesize
general rules or assumptions for V2G design. Archetypes should be mutually exclusive and
explanatory but not overly prescriptive (Bocken et al., 2014). We use a decision tree as a
classification algorithm to guarantee that the selection of dimensions is objective and reduce the
classification’s subjectivity.

4.2.  Comparing the information flow of V2G

V2G has continuously attracted researchers' interest over the years. We found® 2 667 publications

in the Scopus search and 1 213 in WoS. Figure 5 shows the rapid increase of publications per year
on the subject, evidence of its relevance.

Figure 5
Evolution of V2G publications.

Web of Science
(WOS)
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We selected WOS as the database to take our sample as the results better adjusted to our research
question and sampling objectives. Figure 6 shows a co-occurrence analysis of the abstract and
titles of the publications found in each database (Echchakoui, 2020). For Scopus, the analysis
displays two main clusters of subjects: a red subject with common words such as gasoline, light
vehicles, coal, and emission factor, and a blue group with terms such as car, electric power supply,
and transport.

3 Search was performed on 25/03/2022.
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Figure 6
Multi-criteria analysis (MCA) of text in the abstracts and titles from each publication.
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For WOS, the analysis displays three subjects: a blue subject with common words such as V2G
networks and protocols, a green group with grid, V2G, and self-consumption, and a red subject
with words such as architecture, transport, and capacity fade. The difference in the co-occurrence
of words is because Scopus considers broader gray literature than WOS. Therefore, we selected
WOS to focus the scope on rigorous academic journals, as the subjects seemed better defined and
the subjects better target our research objective. Appendix A provides a detailed comparison of
both databases' publications, journals, and leading authors.

We performed the bibliographic clustering analysis for the 1 213 WOS publications and selected
the top 25 percentile of publications by relative citations and cluster centrality. Figure 7 shows
the bibliographic clustering graphically; each color represents a cluster, and there are nine clusters
in total; the cluster size represents the number of citations for each publication (below, we analyze
the clusters according to their contribution to the integration of Green IS on energy systems).
Appendix B details the selection process, showing the publications considered in each cluster and
the selection process.
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Figure 7
Clusters of V2G publications in WOS.
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From the 1,273 publications, we selected 150 publications to analyze in detail, given that they
were in the 25% top percentile of each cluster. The publications came from different types of
journals, but engineering journals mostly dominated it. Each publication was read in detail to
identify its information flow. However, in 97 of 150 publications, the underlying assumptions of
how the components of the IS work together might be silent. Figure 8 shows the distribution of
the top ten journals within the sample and the percentage of publications in which they
conceptualize an information flow. Almost 70% of the publications analyzed have barely
developed how the information is exchanged in their research.

Figure 8
Presence of information flow on publications by journals
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We systematized the actors-task relationships of the 53 publications to conceptualize the different
information flow designs. Table 2 shows an example of the systematization resulting from one
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publication. Appendix D shows all the details of the “actor-task” relationships used for each
information flow.

Table 2
Example of Information flow, as an ‘Actor-task’ description. Publication: Chandra Mouli et al.,
(2019)
hStake Task | Articles citations - Design specification.
older
EV MoAn;tldrin "The efficiency of the EV battery for charging and discharging is either obtained
g from the EV or stored in a database within the EMS for different EVs." (p.1316);
A-2. "The EV owners inform the EMS about their expected departure time Td v and
EV Inputs | charging energy demand dv." ( p. 1316). "The users can enter the maximum and
user | preference | minimum charging and discharging power, respectively. By setting it to a non-zero
S value, the users can choose to participate in V2G services."
A-3.
Communi
cates,pers | "The user links to the EMS, and the EMS instructs the user on which EV-PV charger
EV onal d_ata, he/she must connect to, based on two ‘acceptance criteria'. "The first criteria is that
user technical |the energy demand and parking time, of all the EVs connected to one EV-PV
or charger, must be within the power limits of the charger. The second criteria is that
economic | the arrival SOC of the vehicle must be above the minimum SOC set by the user.”
constraint
S
B-1.

Provides "The user links to the EMS, and the EMS instructs the user on which EV-PV charger
communic he/she must connect to, based on two 'acceptance criteria’.'The first criteria is that
CPO ation the energy demand and parking time, of all the EVs connected to one EV-PV

charger, must be within the power limits of the charger. The second criteria is that

Infrgi'guct the arrival SOC of the vehicle must be above the minimum SOC set by the user.”
B-2. "The user links to the EMS, and the EMS instructs the user on which EV-PV charger

Software | he/she must connect to, based on two 'acceptance criteria’.’The first criteria is that
CPO | ordigital |the energy demand and parking time, of all the EVs connected to one EV-PV
applicatio | charger, must be within the power limits of the charger. The second criteria is that
n provider | the arrival SOC of the vehicle must be above the minimum SOC set by the user.”
C-1. "Following the formulation in [15] and [16], an Energy Services Company (ESCo)
CPO | Aggregate | company acts as an intermediary between the wholesale market operated by the
sdata | Independent System Operator (ISO) and the EV end-users.” ( p. 1315)
C-1. "Following the formulation in [15] and [16], an Energy Services Company (ESCo)
ISO | Aggregate | company acts as an intermediary between the wholesale market operated by the
sdata | Independent System Operator (ISO) and the EV end-users." ( p. 1315)

CPO Fo?t;,f:fést "The EMS uses solar forecast information as an input to predict the PV variation."
data (p.1318)

"The ESCo operates at the workplace where employees drive to the office with an
EV, and the building has overhead PV installation or a solar carport. The motive of

D-1. the ESCo is to schedule the charging of the EV and feeding of PV power to the grid
Optimize |so that EV charging costs are lowered, regulation services are offered to the 1SO,

CPO charging | and at the same time, the income from PV is increased. "( p. 1315). "The ESCo is a
strategy | price taker and does not influence the market clearing prices. It uses the settlement
point prices for trading power in the market and reserve capacity prices for offering
up and down-regulation services." (p.1317)
E-1.
CPO Controls | "The ESCo uses the EMS to control the solar-powered EV car park for energy

charge/dis | trading with the grid" (Chandra Mouli et al., 2019, p. 1317)
charge
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Table 3 shows the different actors involved in the identified information flow. We can
differentiate three brackets. First, a bracket between 60% and 50% of participation includes EV
users, a third-party load aggregator, and the EV itself. The main difference that must be noted
between an EV user and an EV is that an EV user implies that a human is participating in the
information exchange. At the same time, an EV is the vehicle part of the information flow. In the
case of the load aggregator, this is an actor whose sole purpose is to aggregate information; we
will see in Table 4 that several actors might perform this role. The second bracket is between 40%
and 30% of participation, in which we have the DSO and ISO, both system operators that have
been considered primarily because of their role in the management of the electric grid. Finally,
the third bracket shows a diversity of actors whose relative presence spread from 10% to 2%, and
they are typically associated with an information flow that aims to describe a specific r V2G use
case.

Table 3
Types of stakeholders identified in the information flow.
Type Actor Relative frequency
Mobility EV user 60%
Third-party Load aggregator 55%
Mobility EV 51%
System operator DSO 40%
System operator ISO 30%
Infrastructure operation Parking operator 9%
Infrastructure operation Charging Point Operator (CPO) 9%
Infrastructure operation Public EVSE 8%
Infrastructure operation | Home Energy Management System (HEMS) 6%
Mobility Fleet operator 6%
System operator MGO 6%
System operator TSO 6%
Market operator Wholesale market operator 6%
Third-party Digital application operator 6%
Mobility EV or fleet operators 4%
Third-party Certifier 4%
Utilities Generator 4%
Retailer Retailer 2%
Third-party Insurance provider 2%
Third-party Information provider 2%

Table 4 summarizes the complete list of tasks performed by the actors in the information flow
organized according to their relative frequency. Our analysis shows that almost all information
flows require at least three tasks: aggregate data, optimize the charging discharge strategy, and
perform real-time charge control. These three tasks were present in more than 90% of the
information flow analyzed. These tasks are followed by input preference, which requires the EV
owner to communicate with the controller, sending them information about their itinerary to
charge or discharge the EV. Furthermore, several tasks are related to optimizing the network
operation or performing electricity and power trading operations. However, these are present in
less than 60% of information flow.
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Table 4
Tasks performed by stakeholders

Relative
Type Tasks frequency
Data  management | C-1. Aggregates data. Combines and edits data from different 96%
and transformation sources.

L D-1. Optimize charging strategy—computation of the optimal | .,
Optimization charge/discharge schedule for the EV. 92%
Power flow control E-1. C(_)ntrol charge/dlsgharge: Regl-tlme control of the 92%

charge/discharge schedule implementation
Manage  sensitized | A-2. Input preferences. EV owners' preferences affect the charge 7904
objects and discharge process in real-time. 0
Optimization D3 Optlmlze_ network operation: Manages and computes the 579
optimal operation of the network infrastructure.
Manage  sensitized | A-3. Communicates personal data and technical or economic 49%

objects constraints.

D-4. Optimize electricity and power trading operations: Operates
Optimization in the electric market and might be responsible for the contracts | 49%
for electricity supply or computes bidding optimization.

Communication B-1. Provides communication infrastructure: Provides the

0,
provider physical infrastructure of communication required for V2G. 36%

Manage  sensitized

i . . . 0
objects A-1. Sensoring. The task of sensing physical parameters. 28%

B-2. Software or digital application provider: Provide the digital
layer and user experience design that allows users to interact with | 13%
other actors.

Communication
provider

Data management

. C-2. Data validation. Validation of actors’ identification. 6%
and transformation

D-2. Optimize routing and navigation of EVs: Computes the
Optimization optimal route and energy demand according to the EV user’s [ 4%
needs.

D-5. Optimize insurance for V2G: Reduces the risk for EV users
and market operators when there is no information for a precise
estimation of recharging prices, available energy, or power
capacity.

Optimization 2%

Figure 9 shows the 53 information flows identified in the publications as a network graph. Each
node represents an actor, while each link exchanges information. The links are directed based on
the description of each actor's tasks, as shown in the example from Table 4. For each information
flow, we have two networks. The first network combines yellow and red. The red color defines
the actor who performs the power flow control. The second network graph shows the network
analysis. The darker the blue in a node, the higher the page rank (maximum value is 1), and the
stakeholders in the information flow are more important.
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Figure 9
V2G Information flow
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At first sight, it is visible from Figure 9 that they are significantly different in the design of the
information flows conceived for V2G. Indeed, the design has different shapes; some information
flows are linear, while others have a “Z” or a “Y” shape. Nevertheless, just from the shape of the
information flow, we can say very little about how the design of the information flow might have
implications for the energy informatics questions. Therefore, in Table 5, we have selected three
dimensions of comparison rooted in the questions proposed by the research framework on energy
informatics. The three questions are salient characteristics we can quickly identify from the
information flow and are related to their design. Using the questions and analyzing the
information flow, we identified design patterns on how the information flow has been designed
in the academic literature.

Table 5
Dimensions of comparison for the information flow
Watson et al. (2010)
research questions

Design pattern of information flow

According to the actor who controls the power flow, the information
flow might be classified as follows:

IS e Centralized control: A centralized system is one in which one
How can an information actor, different from the EV or EV user, is responsible for
system integrate supply and sending the signal of control.
demand data to increase e Decentralized control: A decentralized system is one in which
energy efficiency? no central actor controls the EV; instead, the control is within

the EV users or Fleet Operators to decide when the EV is
charged or discharged.
According to the participation of mobility stakeholders in the
information flow, this might be classified as:

e Requires information from mobility needs. Information is
crucial in improving V2G reliability since EVs might have
unexpected departures, as their primary use is for mobility. If
an IS has mobility information, an actor within the mobility
type category provides information.

e Do not require information from mobility needs.

According to the channel that EV owners or users have to communicate
with the controller, the information flow might be classified as follows:

e EV or EVSE as the main interphase: An indirect relationship
through the subscription of their EVs or EVSE. The object
directly communicates with the central actor or controller
indirectly.

e EV owner or EV user as primary reference: The EV user
directly relates to the power network controller,
communicating directly from their cell phone.

Flow Network
What information, and at
what level of granularity, is
required to optimize a given
type of flow network?

Sensitized objects.
What information do
consumers need about using
their own or managing
objects to increase energy
efficiency?

With the dimension of Table 5, we built a decision tree that we display in Figure 10. Each decision
node provides a hierarchical dimension to classify the information flows, and each terminal node
is an exclusive archetype. The decision tree allows us to classify each of the fifty-three
information flows into only one design archetype, allowing for traceability in the classification.
Appendix E shows the final classification of each information flow into an archetype.
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Figure 10

Decision tree to classify the information flow into archetypes according to their design patterns
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Furthermore, after classifying the information flow into archetypes, we summarize the main
characteristics according to how the design rules presented in Table 7 address the complexity
from two perspectives: First, it defines how an IS enables to aggregate information, and second,
what information is it required to be aggregated. This synthesizes what we define as design rules
that academic publications have applied to design the information flow of V2G.

Table 6
Design rules for V2G information flow

Archetype Aggregate information

Information required to be
aggregated

Archetype 1
Decentralized
systems

Instead of a central controller to decide the
charge or discharge of the EV. Each mobility

The price signal needs to anticipate
the expected behavior of the agents

19




Archetype

Aggregate information

Information required to be
aggregated

user (fleet operator or EV user) controls the
charge /discharge responding to a price signal.

EV users must be able to analyze the cost-
benefit of changing their charge/discharge
patterns.

and adapt to the changes in
renewable energy production.

Archetype 2
Grid
management
system

A central controller  decides  the
charge/discharge of the EV. The main
objective of the information flow is to manage
the electric system operation within optimal
operation ranges.

Grid operators or CPOs control the charge and
discharge without communicating with the EV
user and controlling the EVs through the
EVSE.

Requires controllers to estimate the
arrival and departure time of the EV
based on the information exchanges
between the EV and EVSE.

Requires controllers to estimate the
SOC of the EVs and the minimum
SOC required for the next trip.

Archetype 3
Object-oriented
system

A central  controller  decides  the
charge/discharge of the EV. In its decision, it
considers information from mobility needs.

The information from the mobility needs is
directly received from an object such as an
EVSE or a particular EV. Such a system
requires at least two communication
interphase.
i Between the controller and the EVSE,
or the EV.
ii. From the EVSE or EV towards the
EV user or fleet operator.

Requires to estimate the EV user
mobility needs based on the
monitoring of the object.

Requires the controller to have
information about the battery
degradation.

Requires  the  electric  grid
requirements and renewable energy
production.

Archetype 4
User-oriented
system

A central controller decides the

charge/discharge of the EV.

There is only one communication interphase
for exchanging information between the
controller and the EV user. EV users directly
send information about their mobility needs.

The  controller  must  have
information on electric grid
requirements and renewable energy
production.

The EV user must be able to
communicate the information from
the EV location and the
characteristics of the EVSE.

5. Discussions

The main objective of energy informatics is to provide research guidance on how to design Green
IS that effectively improves the environmental sustainability of energy systems. Within this
context, we argue that electricity systems require special considerations in the design of these
Green IS. Therefore, we analyze V2G from an IS perspective to unveil the design of their
information flow.

In particular, the task-actor relationship from the information flow allows us to identify the most
relevant actors and tasks required to implement VV2G. Notably, the need for an intermediary to
aggregate the data and the dual role of EV owners and EVs as both consumers and suppliers is
what we will define with the term prosumers. However, neither of these actors can easily be
classified within the three types of stakeholders defined by Watson et al. (2010). Indeed, for
Watson et al. (2010), a stakeholder might be either a government, a consumer, or a supplier, but
not a combination at the same time.
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In consequence of the above, we propose to amend the research framework proposed by Watson
et al. (2010) for energy informatics and define specific questions for electric systems, considering
information aggregators and prosumers as stakeholders.

For aggregators, the questions arising from their role in the electric system are related to how it
might challenge the forces that have shaped the electric system to have a monopolist system
operator perform the tasks to balance the grid. Indeed, it might be the case that the increased
granularity and access to information from aggregators, specialized in managing the information
from different types of technologies, might challenge the assumption that a system operator is
required and instead enable a decentralized electric grid operation. For example, Schweppe et al.
(1980) propose a theoretical organization of electric systems that a homeostatic utility control can
offer advantages to achieve stability and minimize costs. In a homeostatic control, the electric
grid functions in homeostasis (a biological term referring to a system equilibrium) through the
integration of frequency-responsive switches, short-term markets, and ICT that can enable any
consumer or producer to change their supply or demand without requiring the approval of a
system operator or incurring on the administrative costs of participating on regulated markets,
therefore maximizing the availability of energy resources (Schweppe et al., 1980).

In economics, hierarchical relations, such as those currently existing in the operation of electric
networks and markets, are explained whenever they are market frictions and, therefore, require
non-market organizations (Williamson, 1973). Some of these frictions in electric systems are
related to information problems, most notably the capacity that market mechanisms cannot
respond fast enough to achieve the network’s physical operating parameters, thus requiring a
central operator (Joskow & Tirole, 2007). Therefore, we think that a question worth considering
in future research on the design of Green IS for electric systems is: How can decentralized
information aggregation support the network’s physical balance of the grid and increase the
electric system s environmental sustainability?

For prosumers, the question proposed by Watson et al. (2010) linking Sensitized Objects with
consumers is highly relevant, i.e., What information do consumers need about using the objects
they own or manage to increase their energy efficiency? However, the fact that prosumers can
also supply energy imposes additional requirements on the sensitized objects from which they
will interact with other actors on the electric grid. Indeed, they need information to change their
consumption, and therefore, Watson et al. (2010) question is relevant. However, they must also
provide information to signal their willingness to supply energy and at which cost. Therefore, we
think that a question worth considering in future research on the design of Green IS for electric
systems is: What information do prosumers need to share about the usage of the DERs they own
signaling their willingness and availability to supply energy?

In Table 7, we have structured the two research questions we propose in a matrix that can be
easily integrated into the energy informatics research question.

Table 7
Additional research question for electric systems
Energy system components

Stakeholders | Sensor Flow - . Information Systems
Sensitized Objects
Network | Network

How can decentralized
information aggregation
support the network’s physical
balance of the grid and increase
the electric system’s
environmental sustainability?

Aggregators
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Energy system components
Stakeholders | Sensor Flow Sensitized Objects Information Systems
Network | Network

What information do
prosumers need to share
about using their DERs to
signal their willingness
and availability to supply
energy?

Prosumers

Furthermore, our analysis shows that despite V2G requiring a complex information flow to
improve the environmental sustainability of electric systems, we found that 70% of the analyzed
publications do not address the design of an information flow. Indeed, we found from our analysis
that most of the research in V2G has focused on the development of algorithms, and several of
them ignore that an IS is required to feed the algorithms with data. Therefore, we think there is
still a need to develop research on Green IS and its integration with energy systems to develop
research that might be used for researchers in other disciplines, such as engineering and
economics. We think that the design rules we derive from the analysis of V2G are a type of
contribution that IS researchers could develop in future research to support the design of better
Green IS.

6. Conclusions

In order to make our energy systems greener, information systems can play an essential enabling
role. In an emerging field of IS literature, Watson has identified the specific questions that should
be answered for green IS to be effective. In particular, he looked at these questions from the
perspective of three critical actors: energy suppliers, consumers, and governments.

However, the field of green IS has ignored the specific nature of electricity systems and the impact
this may have on the necessary information flows. Unlike most energy systems, the energy is
derived from consuming a fluid; electricity systems have physical constraints that focus on
suppliers, consumers, and governments, limiting their systems design. The nature of the electricity
system is defined by the interdependencies between supply and demand, making their nature more
complex than other energy systems.

In order to integrate these complexities in green electricity information systems design and have
a more comprehensive set of design criteria for green electricity IS design, we use a design science
research lens as an analytical framework, which we apply to a specific field of green electricity
systems, namely Vehicle-to-Grid. Vehicle to Grid is a system whereby battery EVs are used as
an energy sink for the electricity system, able to both consume and produce power for the grid.

Our analysis of V2G shows that for green electricity IS to be designed, two sets of actors need to
be added to the ones considered in Watson's framework: prosumers and aggregators. It is
impossible to design green V2G systems without specifically integrating these types of actors.

By analyzing the current V2G literature, we also find that the current literature has not paid
attention to the information flows necessary to optimize green VV2G systems from the perspective
of prosumers and aggregators. From this analysis, we can derive avenues for future research in
Green electricity systems, and therefore, Green IS, but also new design criteria for making V2G
systems possible.
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