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Abstract. This paper presents an integrated and novel service environment for
real-time interactions between users, as well as enhanced visualization and
decision support services over extremely large volumes of heterogeneous
Renewable data sources. The integrated visual analytics methods, allow energy
analysts to incorporate their expert knowledge into the analysis, so as to
dynamically investigate the observed events and locations, and accurately
identify the preferable results. The goal of visual analytics research is to turn
the information overload into an opportunity by enabling decision-makers to
examine this massive amount of information to make effective decisions.

1 Introduction
The appraisal of the technically and economically exploitable Renewable
Energy Resources (RES) potential can be considered as one of the biggest problems
worldwide, with enormous implications for the environment, economy and
development for each country. Given a preferred location, energy planning
stakeholders must typically evaluate energy demand and aim for the satisfaction of
future needs, according to many constraints and factors. The availability of RES at a
specific location depends on climate and weather conditions as well as on
socioeconomic and landscape criteria and is highly variable. Thus, RES selection and
installation, given a variety of exploitation proposals, is a highly complex task that
requires the analysis of huge amounts of historic data.
As a consequence, a large number of parameters concerning the
implementation of Renewable Energy Technologies must be evaluated by potential
investors, in order to assess the technically and economically exploitable potential of
RES in a wide geographical area. A comprehensive environmental assessment must
consider the following subtopics; (a) a Technical Assessment to identify barriers to

RES deployment, such as inadequate electricity network infrastructure or natural
obstacles, (b) a Land Use Analysis; assessing the changes in land use patterns for
setting up RES Wind or solar energy plants, (c) a Social, Ecological and
Environmental assessment (e.g. landscape alteration, visual change of rural life or
noise) and its impact on the flora and fauna of the area, and (d) a Meteorological
Assessment. This is fundamental because the selected assessment actions have to
examine and synthesize thoroughly the current state, with respect to technical, landuse, environmental and socio-economic, issues at different levels of intervention.
Decision makers must be able to identify a complete framework of performance
indices for their planning alternatives. So, a prediction model for these assessment
resources should be stochastic in nature to be able to account for the inherent
variability. A majority of the existing tools for forecasting these renewable resources
give a deterministic forecast, also known as a spot or a point forecast.
From these observations we derive the basic idea and goals of the proposed
concept: An integrated service environment for real-time interaction (between human
and machine), visualization and decision support by combining the best available data
management and data analytics approaches with the best visualization technologies
(i.e. innovative visual analytics [1]) over extremely large volumes of heterogeneous
data sources. The goal of visual analytics research is to turn the information overload
into an opportunity by enabling decision-makers to examine this massive amount of
information to make effective decisions. Visual analytics enables people to find
hidden relations and to turn the data into useful and defensible knowledge.
The motivation for the proposed framework is the need for energy planners
from Greece and Germany to go beyond the analysis of conventional environmental
and weather data, from well known databases, satellite images and existing systems,
for understanding the relevant patterns in their energy plans within the German and
Greek territories. Thus, there is a need for stakeholders to efficiently analyse and
visualise an overlay of the historical data (energy, weather, environmental, energy
consumption patterns and energy generation data, etc.) that were monitored and
measured in real time from existing RES installations in a specific geographical
location, along with all data from existing worldwide databases & tools (PVGIS [2],
Poseidon, SoDA [3], etc.). Innovative, stochastic energy assessment modelling and
optimization algorithms will be designed as part of services that allow end users to
optimize their RES planning strategy through detailed simulations and innovative
information visualisation exploration.

2. The state of the art in this area
2.1 Identification and estimation of potential exploitable RES
Although at the present time they represent a tiny fraction of the world’s
energy use, their potential is sufficient to completely replace non-renewable sources
in the long term. Greece’s energy market is at the forefront of transformative changes
that are attracting investors from around the globe and especially from Germany
where a major energy plan (The Helios project) [4] for the utilization of solar energy
in Greece, amounting to 20 billion Euros is under development. Moreover, Wind, or
aeolic, power, that offers an alternative that is almost without limit, is driving growth
in the renewable energy sector and represents a huge investment potential in Greece.
So, with Greece emerging as the energy hub of Southeast Europe, and an aggressive
drive for renewable sources to play a major role in the energy supply, the country is at
the centre of significant growth opportunities.

The problem of the identification and estimation of potential exploitable RES
in a specific geographical area and in a sustainable manner has been tackled in the last
decade with the use of Geographical Information Systems and modelling simulation
platforms focusing on numerical weather prediction models, and satellite images. The
well known PVGIS (Photovoltaic Geographical Information System) tool [2],
provides data (solar radiation data, PV module surface inclination and orientation and
shadowing effect of the local terrain features (e.g. when the direct irradiation
component is shadowed by the mountains)) for the analysis of the technical,
environmental and socio-economic factors of solar PV electricity generation in
Europe and Africa and supports systems for solar energy decision-making.
Another tentative tool that is being used by energy planners to address the
problem is the SoDa Maps of Irradiation [3], Irradiance, and UV. Similarly, the
SolarGIS [5] database and simulation tools provide data calculated using in-house
developed algorithms that process satellite imagery, and atmospheric and
geographical inputs in different locations. The Centre for Renewable Energy Sources
(CRES) has also developed a GIS for assessing the technically and economically
exploitable RES potential in Greece [6]. Similar initiatives have been also proposed
for wind power exploitation (e.g. WindPro [7]) in Greece as well as in Europe [8].
Within the energy software simulation modelling domain, we can mention the
RETscreen [9] tool and HOMER [10] which simulates and compares the performance
of multiple energy systems (and can determine the optimal combination of power
sources by comparing capital, operating costs and emissions over the life of the
system).
Despite lots of interactive GIS and simulation tools and models that are now
available to compute the required RES parameters in a given geographical area, the
move towards the full exploitation of RES is nevertheless held back by the lack of
innovative visualisation and simulation solutions which could improve the delivery of
relevant information and end-user experience. With the new solutions the territorial
RES potential could be evaluated, even for smaller areas, by enriching the data with
big historical data from existing RES installations, so that energy planners could get a
truly accurate picture of the long-term risks involved. This would be a fundamental
shift from a model-based approach, to a data-driven approach which allows more
accurate predictions, but requires services to manage and visualize large amounts of
data. Right now there are large volumes of project- or module-level historical data
(collected in real time and stored in an anonymised manner) that are being gathered
from operating RES installations in Greece and Germany. After careful analysis, these
could offer important insights into the true nature of RES operations and maintenance
costs, failure rates, and energy generation.
2.2 Visual Analytics in the area of Energy
Visual analytics [11, 12] is a novel research field that aims to provide
visualisation based methods for human supported analysis of large, complex datasets.
Visual analytics differs to classic information visualisation in that it attempts to take
into account properties of human cognition, perception and sense making. Essentially,
visual analytics aims to develop appropriate visualisation and interaction mechanisms
that match the mental processes of humans. Moreover, visual analytics targets
applications that present particular challenges, e.g. involve huge volumes of data or
complex heterogeneous sources of information that are hard to analyse using
automated mining methods. In essence, as it is often mentioned, the overarching
vision of visual analytics [12] is to turn the information overload into an opportunity
by making our way of processing data transparent for an analytic discourse.

Ultimately, visual analytics provides technology that combines the strengths of human
and electronic data processing, drawing tools from the information visualisation, data
mining and cognitive science communities. Visualisation becomes the medium of a
semi-automated analytic process, where humans and machines cooperate in a manner
which exploits their respective strengths for the most effective results. The user
directs the analysis according to his or her specific goals. At the same time, the
system provides both an effective means of interaction and data-mining tools for
analysis steps, which can be automated.
Visual analytics has a very wide scope and relevant applications have
appeared in many different areas. Successful applications have been developed in
such diverse fields as environmental monitoring [13], software analytics [14],
computer network security [15], electrical grids [16], etc. In general, research in the
field of visual analytics has focused on specific applications. Work on general
principles, e.g. on evaluation, sense making, perceptual and mental matching, is rather
scarce compared to application-specific work.
Considering this, there are elements from applications that involve analysis of
spatiotemporal data that could be used in order to benefit the goals of the proposed
framework. A good review of the challenges, open issues and most important visual
analytics systems that deal with analysis of spatiotemporal data can be found in [17].
In the following, some systems/tools, from which the proposed framework could
transfer and further develop existing techniques, are presented.
The Visual analytics Law Enforcement Toolkit (VALET) [18] is a rich
interactive environment that supports the exploration and analysis of complex
spatiotemporal data. It utilises temporal plots and heatmaps in order to assist law
enforcement analysts to detect patterns of criminal behaviour. A tool for powerful
analysis of movement data is VisTracks [19]. VisTrack utilizes maps to represent
movement data, but at the same time it offers a set of statistical analysis tools to assist
in discovering patterns and correlations in data. An overview of issues related to
visual analytics for decision support can be found in [20]. Other visual analytics tools
for analysis of spatiotemporal data are presented in [21],where different aggregation
mechanisms across the time and space dimensions are used in conjunction with
heatmap visualisations in order to assist the analyst in detecting important
spatiotemporal spots and in [22], where a choropleth map and a parallel coordinate
plot allows the user to correlate spatiotemporal data with other sources of information.

3. The Introduced Framework
3.1 The proposed EVRESIS system
Currently, energy planners and analysts are bombarded with enormous
volumes of data that emanate from a variety of sources. So, vital decisions in RES
installations can only be achieved through more efficient ways of processing and
analysing terabytes of data. EVRESIS introduces a holistic RES assessment
framework for future installations of RES assets in specific geographic areas that
incorporates traditional well-known assessment models (numerical weather prediction
(NWP) models [23], PVGIS data, models from advanced planning tools such as
HELIOS 3D, etc.), critical RES operational processes and, consequently, the created
micro and macro models that are mapped to appropriate geographic zones.
The main goal of the proposed framework is to tighten the trinity of data
management – analytics – visualization through research and development of

technologies to identify patterns, events and trends in massive amounts of data. This
requires, the establishment of sophisticated and technology driven services for
decision making and, hypothesis testing, close to the market. EVRESIS presents a
unique opportunity for the establishment of a mutually beneficial cooperation scheme
between Germany and Greece in the area of energy planning and production based on
natural sources.
More specifically, the EVRESIS framework will address the following
specific goals:
• To develop a scalable and technology agnostic cloud-based data collection and
analysis service infrastructure, capable of dynamically incorporating a large
number of heterogeneous input sources (meteorological, multi-sensorial, GIS,
etc.) coming from existing RES installations at the global but also at the local
level and by analysing them using novel data analytics methodologies. The aim
is to build an inclusive and open service infrastructure that can be used in
combination with the major global databases and existing information sources.
• To build relevant RES operational profiles (RES micro and macro operational
models) for each type of installed RES generation asset in a specific geographic
area, in order to match each zone with one and/or more models. The models will
consider technical aspects (e.g., installed systems, size/capacity, produced
energy, failures, etc.), environmental (weather data, location, GIS data,
urban/industrialized area, CO2 emissions, etc.), economic aspects (e.g., energy
costs, installed costs, maintenance costs,), sociological data (e.g. noise,
proximity to cultural monuments, etc.) and other short-term time-scaling
uncertainties (production risks, climatic uncertainties; temperature, wind speed
for wind turbines, solar radiation for solar cells). For the creation of the models
we will take into account relevant dynamic and up-to-date data drawn from
existing RES installations.
• To establish an Integrated exploitation Assessment RES Model that extends
current energy assessment Models and 3D RES software design models
(provided by established modeling software like HOMER, RETscreen, SAM
[24], PVsyst [25], Helios 3D [26] etc,) that are being used by energy planners
and designers by incorporating and integrating the implemented RES
parameterized models coming from existing RES installations.
• To implement a Hypothesis-driven Data Investigation for short term and long
Term Analysis of future RES installations. A fully-fledged visual analytics
framework will offer alternative ways of exploiting large amounts of observed
data in order to allow users to visualize and explore how this information
changes through time in a spatio-temporal representation of multiple RES micro
and macro models (visual, textual, time-series, graphs, vectors, etc) and in
multiple visualization environments (Visual Analytics Techniques). The
framework will provide extensive functionality to the end-users (planners,
designers) and the ability to perform interactive hypothesis testing for evaluating
different energy planning rules and options and visually representing the energy
performance of different alternatives under real life operational conditions. This
module will be open enough in order to be integrated with existing RES
monitoring tools, like the insolar product of Inaccess.
• To develop and evaluate a Holistic Modeling and Simulation Framework, based
on contingent and robust proactive-reactive energy planning approaches that
take into account integrated RES assessment models.
• To create an "open database" of energy assets (instances for RES models from
existing RES installations) with corresponding financial, technical,
environmental parameters, for the Greek and German territories, that can be

used for future analysis of RES market growth and RES improvement. Thus, end
users may add their own RES installation and energy generation data, and then
browse RES data entered by others, or view statistics derived from installation
data.
3.2 The EVRESIS conceptual architecture
The overall EVRESIS conceptual architecture is graphically depicted in the
following figure1.

Fig. 1. The EVRESIS conceptual Architecture

The core technological components of the EVRESIS framework are:
•
The Data acquisition/collection module, capable of dynamically
incorporating a large number of heterogeneous input sources from existing
RES installations. A specific API that will be implemented can support the
future integration of dynamically updated additional databases of raw data
coming from existing RES installations.
•
The RES Modeling Module Architecture. The purpose of the RES
modeling component will be to provide the necessary tools to access and
analyse the data stemming from the data collection module in order to create
generalized micro and macro patterns/models as well as specific business
process models in a specific geographic area with improved accuracy that do
not exist in the existing SoA paradigms. The design of the models will be as
abstract as possible in order to enable their easy adaptation to a new plan of
RES installation processes.
•
The EVRESIS Simulation & Decision Support Module Architecture.
The main purpose of the decision support & simulation system will be to
provide the RES Designers and energy planners, in the early design phases,

•

with the missing functionality (in terms of available simulation tools)
addressing the simulated energy evaluation (via simulation runs) of the
energy performance of RES installation designs prior to their realization,
taking into account integrated RES assessment models. In this context, the
system will be able to analyze all the incoming heterogeneous and large
amount of data and RES assessment models for a focused geographic area.
Thus, some of the following functionalities will be supported (a) To give
designers the capability to represent via intelligent and innovative visual
analytics services the energy performance of RES installations, (b) To
provide a direct simulation for a specific location using integrated free maps
(e.g. OpenStreet maps) and by executing appropriate integrated RES
assessment models during the simulation process along with other existing
common models and (c) to provide reliable and accurate energy assessment
predictions for concrete RES installations that take into account multiple
criteria (technical, operational, performance, environmental, socioeconomic,
etc.) and dynamic activities within a preferable environment (e.g.
uncertainties, transitions between geographic zones, etc) and (d) To provide
tools and methods for interoperability with existing energy simulation tools
and engines. A specific interoperable module will be able to involve the
development of separate toolkits for seamless execution of the EVRESIS
time-varying simulation data within the context of other existing simulation
tools.
The EVRESIS Visual Analytics framework (figure 2) which will comprise
the main user interface for all EVRESIS end-user groups. It will provide
visualization and interaction mechanisms to the analysts /modelers to
abstract, query, retrieve, synthesize and understand the large amount of raw
data and models extracted from the Data collection and analysis platform, in
order to automatically detect spatio-temporal correlations of monitored
parameters as well as for hypothesis testing and evaluation of different RES
installation alternatives. Thereby, advanced visual interfaces will empower
the users to interactively explore patterns in large-scale data sets by crosslinking the formerly disjoint data sources in a Visual Analytics Framework.

Fig. 2. The EVRESIS Visual Analytics Framework

The proposed system targets some the following user groups:
• Governmental authorities (cities, regions) to assess the economic and
environmental impacts of RES planning scenarios, to optimise their local energy
strategy to cost-effectively reduce CO2 emissions, to develop new energy plans in

and/or identifying the most attractive and exploitable areas in their regions for
RES planning
• Private companies and industries involved in the energy sector and looking for a
new business opportunity in RES, either as constructors or as consultants for such
RES installations. The provided location analysis visualisation process can help
them to identify alternative RES assets and examining candidate locations that are
deemed to have fewer obstacles to the RES potential projects and that are more
profitable at the initial stages of the development.
• RES installers and manufactures that have already installed their infrastructure in
the Greek and German territories. The system will enable them to better design
and configure their infrastructure that will result in upgraded products and services
to their customers as well as to decreased operational and infrastructural costs and
complexity.
• The general public and the individual citizens, who can have access to RES data
entered by others with similar needs and capabilities, in order to compare data and
identify the potential of RES within their location as well as the derived energy
profit.

4 Conclusion and Planned Activities
In Berlin, on March 27 2013, the State Secretary at the Federal Environment
Ministry in Germany signed a joint declaration of intent with the Greek Ministry of
the Environment, Energy and Climate Change (YPEKA) and the EU Commission's
Task Force for Greece on strengthening cooperation in the field of renewable
energies. This entails the future utilization of a platform like the proposed one to
support integrated services and tools for the public authorities, the wind energy sector,
the solar energy sector and finally citizens in both countries to help them in their
Sustainable Energy Action Plans. So the present paper proposed an assessment tool
for visualizing and exploring appropriate assets for supporting the current decisions of
energy planners and analysts. Next steps include to apply this framework into a realRES case, in order demonstrate its analytical potential.
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