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ABSTRACT

This paper reports on formal behavioral models of power grids with a substantial share of photovoltaic micro-
generation. Simulation studies show that the current legislatory framework in Germany can induce frequency
oscillations. This phenomenon is indeed recognized by the German Federal Network Agency responsible
for overseeing the national power grids, and new regulations are currently being identified to counter this
phenomenon. We study the currently valid proposal, and compare it with a set of alternative approaches that
take up and combine ideas from communication protocol design, such as additive-increase/multiplicative-
decrease known from TCP, and exponential backoff used in CSMA variations. We classify these alternatives
with respect to their availability and goodput. The models are specified in the modeling language MODEST,
and simulated with the help of the modes simulator.

1 INTRODUCTION

The electricity markets in Europe, Asia, and the Americas are evolving towards decentralized structures,
essentially rooted in political decisions to counter the worldwide climate change. The increase of production
based on renewable energy like wind and photovoltaic power generators implies drastically higher fluctuations
in available electricity. The problem has two challenging facets, namely power grid stability and economy
of power production/supply. The stability of the distribution grids is a priority concern because reliable
distribution is a prerequisite for economic use of power, whether or not renewable. This asks for improved and
better coordinated diagnostic and prediction techniques, as well as orchestrated demand-side mechanisms
to counter critical grid and/or generation situations.

One of the fastest changing power grids is the German one, owed to substantial increases in wind and
solar energy production. This is a consequence of the legal framework enforced by Federal legislation
over the last decades. It is characterized by an emphasis on microgenerated power, which enjoys priority
in the sense that it must be absorbed by the power grid, unless the grid operates in emergency mode;
in that case, however, the wasted power must still be monetarized in the accounting as if it had been
fed into the grid. For these reasons, microgenerators of photovoltaic (PV) power have been rolled out
massively on the rooftops of residential buildings all over the country. In fact, the growth anticipations for
PV microgeneration have in the past years been surpassed by a large margin: 7.5 gigawatts (GW) have
been installed in 2011, while the German government had announced a target growth rate of 1.5 GW per
year in 2009 (Bundesnetzagentur 2012).

This growth creates problems. About 75% of the PV microgenerators rolled out are non-measured
and cannot be remotely controlled. Since 2007, a regulation (EN 50438:2007) was in place that enforced
a frequency-based distributed control strategy. A too high frequency is an indicator for overproduction of
power. The regulation stipulated that a PV microgenerator must shut off once it locally observes the frequency
to overshoot 50.2 Hz. While this was initially meant as a way to stabilize the grid by cutting overproduction,
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Figure 6: Behaviour of the probabilistic on-off controller with dynamic die.
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Figure 7: Behaviour of the frequency-dependent probabilistic on-off controller.
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Figure 8: Behaviour of the on-off controller with exponential backoff.
50.4 50.4
50.3 50.3
50.2 50.2
iy
50.1 50.1
50 50

0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600

Figure 9: Behaviour of the frequency-dependent controller with exponential backoff.
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