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ABSTRACT

The key challenge associated with the transition to sustain-
able energy is dynamically balancing energy supply and de-
mand. Information systems and smart markets play a vital
role in this transition. I study electric vehicles as storage and
demand response objects, which are a subset of the smart
grid solutions to this societal problem. To elicit consumer
behavior and deduct inferences on their preferences towards
demand response mechanisms and in particular their price
elasticity over time I use field experiments. Based on this
experimental data, data from driving behavior, and other
field experiments in smart grids I device information system
artifacts such as machine learning algorithms as solutions to
these problems. These artifacts assume the forms of intelli-
gent software agents and decision support mechanisms that
are used for smart energy trading and the operation of vir-
tual power plants based on energy market signals. I validate
my findings within the large scale smart grid simulation plat-
form Power TAC. First findings underline the advantage of
the trading strategy in terms of the triple bottom line: peo-
ple, plant, profit. Also significant operational efficiencies in
the operation of virtual power plants, in particular negative
operating reserve capacity could be demonstrated.
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1. INTRODUCTION

Traditionally energy was produced as a top down ap-
proach when people use it, but in the future people will
have to adjust part of the consumption to for instance the
availability of wind as part of demand response programs in
a decentralized manner [3]. This is necessary because wind
and solar energy production is neither controllable in terms
of production quantity, nor is it predictable on a day ahead
basis. An inherent property of the electrical grid is that it
needs to be in balance all the time; demand and supply need
to be matched in real time. Grid instability and blackouts
are consequences of instability. The European Union esti-
mates that an annual investment of €270 billion in smart
grid infrastructure, information systems, and electrification
of transport is necessary until 2050 [2]. In my PhD disserta-
tion I focus on smart (energy) market design [1] and infor-
mation system’s specific contribution to demand response
mechanisms with fleets of electric vehicles. The challenge
is that traditional energy markets are not designed for an
interaction between energy demand and supply. New mar-
ket designs are required to deal with emerging problems.
On the basis of the large scale smart grid platform Power
Trading Agent Competition (Power TAC) [6] I will evaluate
different market designs, agent based strategies for Electric
Vehicle charging, and energy trading strategies under smart
grid circumstances.

1.1 Research Question

I apply the logic of demand response incentives to fleets
of electric vehicles. With different pricing mechanisms at
retail, wholesale, and ancillary services level I investigate
strategies to balance the electrical grid and its effect on the
triple bottom line: people, planet, profits. As a first step I
have analyzed electric vehicle charging and driving behavior
and am in the process of eliciting consumers price elasticity
and willingness to shift electric vehicle charging sessions to a
later or earlier point in time. Based on this information I re-
search the viability of using the storage of electric vehicle to
balance the market via arbitrage across the day ahead and
the intraday on wholesale electricity markets over a 24 hour
horizon. In practice that entails training intelligent software
agents to offset differences in the provision of electricity and
actual usage with charging and storage capacity of electric
vehicles (see Figure 1 for a graphical illustration). This
constitutes a virtual power plant and goes beyond previous
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Figure 1: Graphical Illustration Research Question.

research by [8] as it includes the dynamics and uncertainty of
driving behavior. Another opportunity for intelligent soft-
ware agents is on the ancillary service level, that balances
the grid over a horizon of a couple of seconds, the secondary
operating reserves. For this matter we couple the operation
of a virtual power plant to market signals, that produce en-
ergy when energy is needed and absorb energy when abun-
dantly available. Research instruments for this research will
be simulations, case studies, and field experiments.

2. RESEARCH DESIGN

The research design is centered around decision support
systems and information systems and more specifically the
design science paradigm [4]. A large part of my research is
based on agent assisted decision making. This includes pref-
erence elicitation, updating information, and making real
time decisions for consumers that would be overwhelmed by
the information processing complexity [1]. The field of en-
ergy informatics and eco-effectiveness [9] is in that regard
relevant, as we consider innovative combinations of mar-
ket mechanisms in combination with electric vehicle battery
storage to balance a grid that was traditionally balanced
with relatively flexible energy generation plants.

2.1 Methodology

The smart grid is still under development and only small
pilot projects have been implemented. Therefore it is neces-
sary to tap into the potential of simulations to evaluate the
impact of a large number of electric vehicle on the electrical
grid. The Power TAC platform offers an excellent environ-
ment for this as a state of the art smart grid simulation
that has been validated by previous research [7]. The in-
telligent agents that I have devised will be evaluated based
on their contribution within this environment and be gener-
alized based on real world electricity wholesale market and
operating reserve data.

2.2 Projects

The PhD dissertation is structured in three subprojects.
The first project is related to demand response mechanisms
and the elicitation of users price elasticity under range anx-
iety and different travel profiles. The second project im-
plements a trading strategy for electric vehicle fleet owners
that has a positive effect on the triple bottom line: people,
planet, profit. This research will be part of the AAMAS
2014 proceedings [5]. The third project relates to operating
reserves and virtual power plants in a carsharing context.
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3. CONTRIBUTIONS

The aim of the PhD dissertation is to shed light on en-
ergy consumption behavior from the perspective of electric
vehicles (fleet) owners under prices that change over the day.
This serves as a building stone to create appropriate demand
response mechanisms and results in a win-win situation for
consumer and energy provider. Besides that my co-authors
and me have demonstrated that there are positive effects of
using battery storage as a complement for trading strate-
gies. This holds for the profitability for the trader (profit),
but also reduces the electricity for consumers by on average
3.2% (people), and decreases CO2 emissions by on average
2.4%. A first contribution of the carsharing project is an
proposed adjustment to the operating reserve market design
so that the ancillary services can tap into storage capacity,
which is not possible under the current market design.
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