Foreword

This Technical Guideline is intended to initiate promptly necessary developments in the field of
power-generating modules and further progress in the field of the VDE Technical Connection Rules (TCRs)
which, given the changing structure of power generation, become increasingly important for the stability of
interconnected systems. The focus here is on the three system-relevant capabilities of power-generating
modules described below, which can be achieved by means of control measures and will only ever be fully
required in rare disturbance events; hence they do not place additional demand on the power-generating
module in normal operation.

B Separate network operability of power-generating modules with synchronous generators

In both small networks and large interconnected systems, the frequency response is given by the summated
effect of all frequency-dependent active power feed-in and consumption. This applies not only to the
handling of a spontaneous power imbalance but also to the capability of maintaining a stable operating
point during undisturbed operation.

The currently applicable Network Connection Rules for HV, MV and LV networks are designed such that
new power-generating modules are not required to contribute to the network frequency stability during
undisturbed operation. When implementing the requirement “operation along the characteristic”, a reduction
in frequency response damping has been observed in both small networks and large interconnected
systems. Extreme cases may also result in resonating oscillations, even without the occurrence of any
power imbalance.

The separate network operability of power-generating modules ensures their positive contribution to the
frequency response damping in an interconnected system. While in undisturbed standalone operation at a
stable operating point, power-generating modules with separate network operability are able to maintain
constant frequency and voltage and provide sufficient damping of the frequency and voltage control.

Separate network operability is achieved only by means of suitable controller structures and parameters.
As an example, steam turbines with a centrifugal governor as designed by James Watt are inherently
provided with separate network operability. Special capabilities with respect to the plant’s generating
process (such as control range, control speed) are not required for this purpose. These are only of
relevance as far as the disturbance to be handled is concerned. Suitable control strategies fulfilling the
requirements for separate network operability and ensuring a positive contribution to frequency control
damping have already been described in the 1990s [1] [2] [3]. This is illustrated by simulation results
obtained using different turbine controllers (see Annex A on page 33).

In small networks, the absence of separate network operability in individual systems becomes directly
apparent through a decrease in frequency control damping. Hence, there have been past reports on small
networks where the commissioning of a given power-generating module resulted in a more “unsettled”
frequency.

In large interconnected systems on the other hand, operational effects of individual systems are not
detectable. The absence of separate network operability in large interconnected systems often remains
concealed as long as the malfunction is sufficiently compensated by other systems. Hitherto, the TSOs
have been able to check power-generating modules with synchronous generators connected to the
transmission network for their separate network operability. In the future, however, such plants will be
replaced by many small power-generating modules connected on lower network levels. Checking their
control behaviour and taking individual corrective measures will then no longer be feasible.
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Therefore, there is a risk of a creeping unwanted development in the German and the European
Interconnected System, which may remain unobserved in operation over a relatively long period. However,
this problem will be revealed spontaneously as soon as a separate network is formed (system split) or the
+200 mHz deadband is exceeded, in which case the stability of the separate network or even of the entire
interconnected system can be put in jeopardy.

B Separate network operability of inverter-based power-generating modules

All future and current inverter-based plants installed following the current TCR requirements have a
current-source characteristic due to their control strategy. An operational configuration is only possible
through parallel operation with a synchronous generator. Here, the synchronous generator provides a
sinusoidal voltage at the connection point, which is a prerequisite for the functioning of inverter-based
power-generating modules. By means of the inertia and the grid-forming properties of synchronous
generators, an inverter-based power-generating module can contribute to a stable and sufficiently damped
frequency and voltage control.

However, the parallel operation of sufficient capacities of synchronous generators cannot be assumed for
the future grid. The associated unfavourable development in the dynamic properties will initially remain
unobserved in the operation of a large interconnected network. However, it may lead to uncontrollable
conditions when a separate network is formed or the frequency falls outside the +200 mHz deadband. Grid
stability can then only be ensured if there is sufficient capacity of systems with the capability to operate
partial networks.

® Over-frequency control

With the increasing long-range transmission of electrical energy, rare disturbance events increase the risk
of spontaneous separation of the interconnected system. In this case, the previously transferred power
appears as a spontaneous power imbalance in the separate networks. In order to handle the spontaneous
power shortage, frequency-dependent load disconnection is used as a rescue measure for the separate
network.

Handling the spontaneous power excess requires a very prompt reduction in the power fed in by power-
generating modules. Since this requirement is rarely necessary to its full extent, aspects such as carbon
emissions and impact on service life are of minor importance. Considering the almost incalculable
economic, ecological, and political consequences of a potentially transnational blackout, system rescue
takes precedence.

Conclusion

Due to its extremely high importance for system security, it is deemed necessary to generally specify
separate network operability as a minimum requirement for power-generating modules in accordance with
819 EnWG (German Energy Industry Act). This is primarily based on the fact that it describes an essential
inherent property of the system.

This Technical Guideline does not constitute a legally binding requirement. Adoption of its contents is
subject to the revision of the TCRs [4] [5] [6] [7] [8].
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