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Wege zur Klimaneutralitat

Der aktuelle Klimabericht der Weltwetterorganisation (WMO) weist fir die Jahre von 2015 bis 2019 NEWSLETTER
nach vorlaufigen Berechnungen die heifleste Funfjahresperiode seit Beginn der Messungen vor
rund 150 Jahren aus. Die durchschnittliche Temperatur habe in diesem Zeitraum bereits um 1,1
Grad iiber jener der vorindustriellen Zeit gelegen. Die durch den fortschreitenden Klimawandel
verursachten Auswirkungen (Gletscherschwund, Anstieg des Meeresspiegels, Umweltkatastrophen Kontakt
uvm.) werden dabei immer unmittelbarer fiir die Menschen spirbar. Eine vor allem von der jungen

Generation initiierte und getragene weltweite Bewegung fordert entsprechende Maflnahmen ein,
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ON THE CHARACTERIZATION AND EVALUATION OF FLEXIBILITIES
IN REAL-TIME TRADING AND PORTFOLIO OPTIMIZATION

Carlo Corinaldesi', Daniel Schwabeneder', Georg Lettner’

Introduction

The need for flexibility in the power grid increases because of the growing share of volatile renewable
energy resources. Flexibility is the capability of power plants and/or loads to alter their scheduled
production and/or consumption in reaction to external signals like spot market prices and balancing
market activations.

Flexibility of distributed Energy Management Systems represents an enormous potential to reduce the
energy costs. A simple and exhaustive description of flexibilities is needed to efficiently coordinate and
aggregate multiple flexible actors. Hao [1] presents a method to describe the flexibilities of different
technologies as virtual batteries. In this document, we describe the flexibility of an Energy Management
System as a combination of non-flexible loads and virtual batteries with variable capacities, power inputs
and outputs. This method allows to describe the flexibilities of electric cars, batteries, heat pumps,
boilers and photovoltaic panels as virtual batteries. The flexible components that are analyzed in this
work are illustrated in Figure 1.
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Figure 1: Graphic representation of an energy management system and the associated power flows.

Furthermore, we define a mathematical optimization problem aimed to minimize the energy costs and
to best allocate the flexibilities of the Energy Management System between spot markets and self-
consumption.

Methodology

In this work, we propose a simple and complete method to describe flexibilities of Energy Management
Systems. In order to deal with uncertainty associated to production and consumption, a rolling-horizon
optimization framework is introduced. This approach allows updating input parameters, in order to react
to variations from the nominal schedule. The mathematical formulation of virtual batteries allows to best
allocate the energy flows of the Energy Management System through an optimization model, which aims
to find the most costs-efficient strategy to employ the aggregated flexibilities. The overall flexibility of the
Energy Management System is used to optimize (1) the self-consumption and (2) the trading on the
energy spot markets. Figure 2 shows the market-oriented operation of a virtual battery.
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105 Market oriented battery operation

Batterie(s) output
—— Batterie(s) input

0 —— Batterie(s) soc

Energy in kWh

Input Energy: 100 kWh

Output Energy: 90 kWh

Positive balanced energy: 0 kWh
Negative balanced energy: 0 kWh
Efficiency losses: 4 kWh

Standby losses: 6 kWh

Total losses: 11 kWh
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Figure 2: Market oriented operation of a virtual battery

Use Cases

In this work, two different Energy Management Systems are considered. The first one is an office site of
an electric utility company. The second one is a purification plant. Both Energy Management Systems
are located in Austria and provided their metered data for this work. The analyses are aimed to
investigate the value that the flexibilization of the technologies of an Energy Management System may
create in a period of one year. The real-time optimization framework represents a realistic way to
evaluate the potential of the aggregation of small flexibilities, since it takes into account the uncertainties
related to consumption, generation, price variability, and is able to react to unpredictable variations of
the optimization inputs.

Results and Conclusions

This work presents a comprehensive overview of modeling and evaluating flexibilities of an Energy
Management System composed by different technologies. Comparing these different flexible
technologies, we identify various diversities and potentials. We describe multiple flexible technologies
as virtual batteries and implement them in a mathematical optimization problem. With the experimental
results, we investigated the value of the flexibilities distinguishing between the single technologies.
Moreover, we show how aggregating flexibilities can result in further energy costs reduction and how
the precision of the forecasts (consumption, generation and prices) influences the value created by the
real-time optimization.
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