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SUMMARY Energy informatics is emerging as a new field in which aspects of
computer science and engineering sciences are converging. This process is driven
by factors in both disciplines: From the point of view of engineering science,
a growing demand in energy, rapidly dwindling natural resources, and climate
change mean that power generation and distribution systems need to become
dramatically more efficient and environmentally friendly. On the other hand,
from the point of view of computer science, a phase transition has occurred in
the scale of problems that can be solved by automated reasoning from formal
models, leading to a revolution in a range of disciplines including planning and
scheduling, verification, diagnosis, and hybrid systems.

The goal of energy informatics is thus to apply informatics technologies to
the energy domain, and to further develop and refine these techniques in order to
model and reason about technical and economical aspects of sustainable energy
production, efficient energy distribution, storage, and consumption.

POWER AND ENERGY SYSTEMS OF THE FUTURE Due to dwindling fossil
or nuclear energy resources and the pressing need for emission reduction, the
shift towards so-called renewable energy production will intensify in the future.
These power plants will typically be small-scale, privately owned and distributed
across large areas. Therefore, the traditional roles of producers and consumers
tend to merge into “prosumers”, who both buy and sell back energy to the grid.
At the same time, the expansion of weather-dependent renewable energies, such
as wind and solar power, leads to an increasingly fluctuating energy supply.

Thus, energy companies face the challenge to provide a stable power grid
based on a large number of producers with an at most stochastically predictable
energy supply. Today, there are no reliable models regarding energy production
of the future’s power grid. Informatics has developed a vast array of modeling
techniques together with a rich tool framework to analyze such models. Within
the last decades, formal methods like model checking have proved their advan-
tages in reasoning about the qualitative and quantitative properties of system
models. It can be expected that such modeling and analysis techniques rooted
in informatics provide a basis also for developing energy-efficient end-use equip-
ment such as intelligent household appliances, reducing energy consumption in
smart buildings, and controlling the future’s energy grid.



To give a concrete example, a typical energy informatics problem emerges
in the development of new energy storage technologies to compensate for the
fluctuating renewable energy supply. Among other techniques, electrical vehicles
offer a potential solution, because if the cars are not in use, their batteries can
be used as energy buffers to stabilize the grid and shift peak demands. However,
to be useful both for the vehicle owners and utility companies, this decentralized
buffering and trading of electrical energy must happen in a fully automated way,
while minimizing the risk and discomfort for the car owner. This problem might
be posed as follows: given a model of physical battery behavior and a stochastic
model of human car usage (which predicts when the car will be driven), compute
a control strategy that maximizes the effectiveness of energy buffering, but at
the same time keeps the mobility risk of the user (chance that the car cannot be
driven because it is insufficiently charged) below a certain threshold (say 1%).

THE CHALLENGES FOR COMPUTER SCIENCE Solving such problems re-
quires to develop models that take into account discrete logics and continuous
dynamics of technical components, but also human behavior, together with ef-
ficient reasoning algorithms that quickly estimate the system’s state and find
optimal and user-acceptable control strategies. While many of the appropriate
languages and modeling formalisms, as well as real-time reasoning algorithms for
planning and monitoring have been developed in informatics in the last years,
these elements are currently spread amongst several disciplines and communities,
like hybrid systems and control, Al-based planning and scheduling, embedded
systems design and verification, and constraint solving and optimization and are
not tailored so far for the application within the energy domain.

The previous discussion identifies models, control, and markets as three major
challenges for computer science within the field of energy informatics:

Models Modelling, simulation, and analysis frameworks suitable for energy
grids and their components, including prosumer behavior;

Control Control algorithms for autonomous steering of distributed power gen-
eration, incorporating self-healing capabilities, security aspects, etc.;

Markets Semi- and fully-automatic trading platforms for energy markets that
allow large numbers of prosumers to optimally participate in the power grid.
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