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Abstract—Through the increasing electricity generation from
renewable energy sources the power infrastructure not only in
Europe received new stimuli to find unique and novel solutions.
Especially the integration of information exchange into the
infrastructure lead to the definition of the actual research topic
of smart grids. Austrian researchers and industry alike have built
a strong community over the years that brought quite a number
of interesting and innovative approaches and solutions to very
different challenges the smart grid still has to face. This work
will give an overview on the Austrian solutions and concepts for
a smart energy grid.

I. INTRODUCTION

The research and development in the fields of electrical
generation and distribution got various new inputs over the
last years through the necessity of including more and more
renewable energy sources (especially wind and solar power)
to match the increasing energy demand as well as a stronger
introduction of the demand side for grid stabilization and local
power balancing issues.

Through the introduction of information exchange between
all the different participants the hierarchy of the power infras-
tructure will somehow flatten, becoming more decentralized as
opposed to the actual tree-like structure. More and more actual
solutions in the respective research field have been developed
over the last few years. Starting with first conceptual studies
and model proposals more and more actual prototypes and
experimental results were developed in the different countries
through research funds in scientific, industrial and combined
projects.

Thanks to various research funding strong communities
have arisen that strongly focus on this special research field.
The following work presents the Austrian focus on smart
energy grids by outlining a selection the most promising works,
initiatives and projects that have been successfully conducted
within the last years and a short outlook on the future of the
research field in Austria.

II. NATIONAL PROJECTS AND INITIATIVES

The position of the Austrian grid operators and energy
suppliers in general is characterized very strongly by two main
features. On one hand is the geographical location of Austria
quite in the center of the UCTE-Grid that has to be taken
into account. On the other hand there is Austria’s already

strong inclusion of renewable energy sources as well as the
total absence of nuclear power plants. These points lead to a
strong awareness among energy providers and grid operators
to ensure safe and highly available energy for the costumers
(and the European partner organizations) while still introducing
more and more renewable energy sources into the power grid.

The relevant actors of power generation and distribution
soon had to face the questions and challenges a future sus-
tainable power infrastructure has to solve. Different national
initiatives have been researching the main challenges a smart
grid especially because the introduction of more and more
participants into an intelligent and distributed network stands
for a change of paradigm in the power infrastructure. A
formerly highly centralized and hierarchical infrastructure now
is becoming more and more decentralized and distributed.
To research the effects this has on the whole power supply
situation a strong research community has evolved in Austria
mainly with the help of national funding programs that brought
the main challenges and question into focus. In the following
two subsections a small glance at the research community in
Austria shall be given with first pointing out the main model
regions and their focus. Second, a small look on the mission
statement and focus of the national technology and research
platform Smart Grids Austria is taken.

A. National model regions

Different national grid operators and regions have grouped
together in greater project consortia. These national model re-
gions serve as umbrella projects for a great variety of different
smart grid projects. Each of these smaller projects focus on
some specific subtasks that make them unique testing areas
for smart grid applications. An overview of the geographical
distribution in Figure 1 shows that not only a small region in
Austria houses the flagship projects and areas but that they
are distributed all over the country. The following main model
regions focussing on different aspects and applications of the
smart power infrastructure can be found in Austria:

• Smart Community Großschönau

• Smart Services for Linz

• Smart Infosystems Vöcklabruck

• Pioneer Region for Smart Grids in Upper Austria /
Experimental community Eberstalzell
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Fig. 1. Smart grid model regions in Austria

• Smart Microgrid Murau

• Smart Grids Model Region Salzburg

• Smart Distribution Grid Biosphärenpark Großes
Walsertal

B. The Austrian technology platform for smart grids

The Austrian technology platform for smart grids, Smart
Grids Austria [1], [2], supports the main targets of national
and international energy politics for providing a sustainable
development for energy generation and distribution in Austria.

Its main goals also include to bring together all relevant
stakeholders (e.g. grid operators, energy suppliers, industry,
politics, etc.) in order to form a basis for cooperation, use
synergies and pool strengths. Other important objectives are
to point out possible paths for overcoming barriers impeding
smart grid adoption and to enhance conditions for research
and development. Furthermore the platform seeks to concen-
trate competence in the field to initiate internationally visible
Austrian flagship projects.

The platform also managed to consolidate the various
different views of its members into a single understanding
of smart grids and a roadmap for future research, technical,
political, and regulatory development [3], which is currently
revised for a second, updated edition. Figure 2 shows the
common point of view that all stakeholders and participants
of a smart energy grid share two main resources: the power
distribution as well as the information exchange.

Over the last years the technology platform has become a
major player in the field of smart grids in Austria as most of
the main results the smart grid community produces in Austria
can be traced back to a project team that includes one or more
of the partners and contributors of the technology platform.

III. HIGHLIGHTING SPECIFIC PROJECTS AND SOLUTIONS

A wide-spread topic like the future smart energy grid can
be seen from very different viewpoints which lead to unique
and different approaches. The Austrian research community
has tackled the challenges from all sorts of directions and the
following subsections should give a rough introduction on the
diverse project sphere that brought up very promising results
for the energy infrastructure in Austria.

Fig. 2. Smart grid overview as proposed by the technology platform Smart
Grids Austria [1] on [2]

A. Taking the customer into account

Looking at the customer side, current Austrian smart grids
innovations tackle demand response dimensions out of the con-
sumer perspective. Especially ecological, technical, social, and
economical factors need to be analyzed as a multidisciplinary
phenomenon in order to identify barriers and starting points
for future implementations in every step. Automated demand
response has the potential to be an essential future tool for
maintaining the balance of supply and demand in electrical
energy systems with a very high density of generation from
renewable sources, but to achieve this, more developments of
demand response scenarios have to be enabled. The defined
strategy kit in the project Smart Response [4] helps to compare
existing and future demand response scenarios. It provides a
basis for analysis as well as a methodological framework for
policy makers, industry, and inventors. The project Consumer
to Grid (C2G) [5]–[7] aimed to compare different energy
feedback methods during a consumer centred field study
investigating all behavioural aspects answering if, how, when,
and what kind of energy feedback people need, in order to
optimize the energy consumption.

B. Buildings and the smart grid

In various projects the possibility was evaluated that build-
ings, especially commercial buildings, could provide flexibility
in terms of shifting their energy demand. With the help of
data determined by simulation and monitoring potentials for
shifting the energy consumption a simplified model for the
behaviour of a building was gained. Especially in the domains
of heating, ventilation and air-conditioning a significant po-
tential for load shifting could be found [8], [9]. In addition to
that the requirements and structural changes within a building
automation system to provide the shifting potential for a future
smart grid were defined. The work shows, that buildings are
able to support the power grid as controllable loads.

Other projects are more focused on an actual experimental
implementation and evaluate how buildings can be enabled in
a way to provide various services in an actual active power
structure. In one of these projects, for example, a model
implementation was developed that connected heating systems
of buildings to building agents which communicated over the
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OpenADR protocol with a server. On this server possible
periods for load shifting were determined and then submitted
to the clients [10].

C. Demand response in municipalities

The research initiatives in Austria did not only focus on
functional buildings, but on including various facilities into the
demand response processes of a smart power grid. Key driver
is that many storage possibilities are already present and only
have to be activated for demand side management. The main
task is to find suitable systems that are able to store energy in
chemical, hydro or pneumatic processes.

A possible application are tanks within fresh water supplies
and waste water treatments. By nature these systems consist
of many tanks with corresponding pumps. The desired control
strategy is similar to a pumped-storage power plant, but
with constraints to not influence the normal operation of the
systems. On the other hand, ventilation systems for sport halls
in schools, public sprinklers, supply systems for large parks,
etc. can also be taken into account.

The possible systems for demand side management of
municipalities, cities and regions can easily be integrated in
most cases, because the majority of the systems already have a
SCADA connection. Also, because of the fact that there is only
one owner of the possible applications present, legal concerns
regarding the distribution of (e.g. monetary) incentives and
costs are not present.

Within the project GAVE a team of the Vienna University
of Technology and the Austrian Institute of Technology has
researched the possibilities of such systems and some results
are already published (see [11], [12]). Other projects that
have to be mentioned in this regard are IRON [13], [14] and
LoadShift [15], both highlighting slightly different aspects of
the formulated concepts.

D. Electric Vehicles

The introduction of electrically driven vehicles (EV) –
both plug-in hybrid and battery electric vehicles – have a
high impact on the design of the future power grids. The
combination of their high demand of electric power (up to
50 kW for fast DC charging [16]) and the uncoordinated
charging behavior is a high burden for the distribution grids.
Despite these unforeseeable extra loads, the capability of
storing energy in the EVs’ batteries offers great opportunities
for efficient use of renewable energy sources.

Research projects of the recent years analyzed different
aspects of electric vehicle introduction in Austria’s power
grid infrastructure. In the project V2G-Interfaces [17] different
interfaces, communication channels and interface locations
were evaluated. Furthermore driving behavior and the influence
of EV to the power grid were analyzed in the V2G-Strategies
project [18]. Some key results were, that one million EVs
on Austria’s roads will lead to an increase of electric energy
consumption by only 3 %. However the power peak might
increase up to 170 %, which cannot easily be handled by the
current distribution lines. As a result coordinated charging is
inevitable for a broad introduction of EVs [19].

Another ongoing project where charging stations for elec-
tric vehicles will be part of a grid wide planning and control
concept is the DG DemoNet – Smart LV Grid project. Here,
beside PV inverters and on-load tap changers, the EV charging
stations will be remotely controlled by a building agent to
make use of renewable energy produced by the household’s
PV generator and to avoid voltage band violation [20].

E. Simulating a smart grid

Many of the smart grid concepts are tested either in
pure simulations like in [21] or in real electric grids. Pure
software simulations cannot replace real hardware and the
effort of testing concepts in real electric grids is high and
risky. Therefore, in the project Intelligent low voltage grid
[22] of Siemens AG and Vienna University of Technology,
an emulation platform was initiated, on which those concepts
can be tested in small scale on real hardware, before they are
tested in real electric grids.

In the Intelligent Low Voltage Grid, a three-phase low
voltage grid, which consists of a local middle-low-voltage
grid transformer and four households, is emulated. Two of the
households use photovoltaic power generators. The local trans-
formers and the photovoltaic power generators are emulated
with the transformers and the loads are emulated with current
sinks. By setting switches, three grid topologies can be tested
in the system: a ring, two single branches or one long branch.
Among others, concepts of the use cases will be tested: The
usage of smart meters for controlling the local transformer in
order to minimize voltage bandwidth violations in the system
[23], topology detection, and island mode. A component-based
software architecture was developed to control and manage the
devices.

The software architecture consists of a central server and
several specialized clients. Four client types are used: Clients
which act as gateways to the hardware through USB connec-
tions or Ethernet; clients which generate profiles for the loads
and photovoltaic power generators or calculate tap changer
positions and control the local transformer; clients which act
as human-machine-interface for displaying or setting values.

IV. UPCOMING CHALLENGES

The presented approaches and experimental results provide
valuable and important inputs for the next steps towards the
implementation of a smart grid in Austria. However, certain
questions are still unsolved and more or less untouched. This
is either because the answer was postponed to be solved
later, when the principal technical feasibility of the approaches
is already proved (e.g. in the case of security and privacy
questions) or because the necessity for the challenge to be
solved came up as one of the results (e.g. in the case of
common smart grid reference architectures). The following
section gives an outlook on the principal efforts made in the
future in Austria as well as pointing out the main upcoming
challenges for the smart energy infrastructure that could be not
only interesting for the Austrian situation.

A. Security and privacy considerations

After more and more prototype implementations and field
tests showed the viability of various smart grid applications,

7050



questions regarding the non-functional aspects like security and
privacy are getting increasingly more attention on national and
international level.

The Smart Web Grid project [24], [25], which is planned
to finish in 2013, started to tackle with these challenges
from an information-centric point of view. Here, the goal
is to design a holistic information platform for smart grids,
spanning across all relevant applications, domains and actors.
This way, drawbacks that come with a piecemeal creation
of the smart grid IT infrastructure resulting in isolated, in-
compatible applications could be avoided. Naturally, such a
comprehensive information platform needs to put emphasis on
strong encryption, authentication, and authorization. Therefore,
a service-oriented architecture incorporating a X.509 public
key infrastructure and employing standards like for instance the
eXtensible Access Control Markup Language (XACML) and
the Security Assertion Markup Language (SAML) is proposed
and will be field-tested with a prototype implementation.

Another research project, started recently under the name of
(SG)2 – Smart Grid Security Guidance [26], focuses directly
on a systematic study of security issues regarding smart grid
technology and aims to provide effective countermeasures
against potential cyber attacks. Hence, a thorough threat and
risk analysis as well as a security analysis of typical smart
grid components has to be conducted. Finally, (SG)2 seeks
to provide grid operators with means to increase the security
of their information and communication systems in order to
safeguard the future smart energy infrastructure.

Nevertheless, numerous questions in the area of smart grid
security and privacy are still open and many problems unsolved
which is why research will have to continue with a strong focus
on these topics.

B. Austrian smart grid reference architecture

Another need for research that emerged from the fact that
many smart grid application concepts already have been proven
feasible and are on their way to become field-ready products
can be found in the field of system architectures for smart
grids. As already argued before, piecemeal creation of isolated
smart grid applications not only fails to exploit synergies but
also could inhibit seamless interoperability within the overall
system.

Therefore, as an example, the European Commission
requested the European standardization organizations CEN,
CENELEC, and ETSI under mandate M/490 [27], amongst
other objectives, to develop a technical reference architecture
for smart grids whilst also demanding the concept of security
by design and privacy aspects to be taken into account. First
reports are already available, most relevant examples being
[28] and [29].

Other examples for international efforts in these areas are
the protection profiles and technical directives [30]–[32] of the
German Federal Office for Information Security as well as the
security guidelines [33]–[35] and interoperability framework
[36] of the US National Institute for Standards and Technology.

Based on (and compatible with) the results from such
international frameworks and guidelines as well as scientific

publications and other related work the Smart Grids Aus-
tria platform is currently starting an initiative to design a
framework for an Austrian smart grids reference architecture.
The main goal here is to provide another layer between the
very abstract international approaches and concrete smart grid
implementations that is specifically adjusted to the Austrian
situation as far as technological, regulatory, and political
aspects are concerned.

Another important goal is the elaboration of a migration
path outlining efficient transition of the current energy systems
to future smart grids that are compliant to the reference
architecture, which should also help to avoid unnecessary
investments and dead ends.

The reference architecture and the migration path will be
accompanied by structured guidelines supporting the commu-
nication of the results and helping all stakeholders in the area
of smart grids with their decisions.

C. The universal grid

While the term smart energy grid is still heavily connected
to only one form of energy, namely electrical, the author of
[37] makes the point that the future has to bring an even
more universal view on the problem. Based on the fact that
most energy forms can be transformed into electrical energy
and vice versa the author states that not only electrical power
generation has to be taken into account for building a future
energy infrastructure. The idea is to use the appropriate form of
energy for different purposes – transforming electrical energy
into other forms – to get the chance of using more efficient
storage technologies (as this application will become more
important by the introduction of renewable energy sources).
For storing the energy especially interesting are energy forms
like heat, kinetic, potential and some others.

It can be said that the hybrid energy networks of the
future will be more closely connected and interlinked. For this
connected domains explicit and standardized communication
strategies and channels have to be found because not all of
the interlinked domains can exploit intrinsic communication
channels as the electricity network does (voltage, frequency).
One of the big challenges for the future will therefore be
to extend the smart energy grid (consisting of electrical grid
and communication network) to a multiple domain universal
grid by including heating, gas and several other networks.
The presented approaches do mainly not take this challenge
into account but future initiatives in this area have to take the
stronger coupling of the different domains surely into account.

V. CONCLUSION

As presented the developed concepts and solutions prove
that the smart energy grid is not just a mere vision any more.
On one hand, experimental approaches show the feasibility
of lots of the underlying concepts while on the other hand
they also underline known problems and issues or even bring
new challenges to the surface. This is the case for the areas of
security and privacy aspects of the smart grid as well as for the
topic of inherently secure smart grid reference architectures,
and – going another step further – the universal grid concept.
The Austrian research community has done quite an extensive
amount of work in the last years and will continue to focus
on this topic in the future.
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[2] (2013) Smartgrids Austria - Die österreichische Technologieplattform
zum Thema Smart Grids – German Page. [Online]. Available:
http://www.smartgrids.at/

[3] A. Lugmaier et al., “Roadmap Smart Grids Austria – Der Weg in
die Zukunft der elektrischen Stromnetze,” National Technology Plat-
form Smart Grids Austria, Tech. Rep., December 2009, http://www.
smartgrids.at/?download=254.pdf.

[4] M. Meisel, T. Leber, K. Pollhammer, F. Kupzog, J. Haslinger,
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