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Energy market activities together with integration of renewable energies are currently causing an

increase of the average distance between generation and load as well as an increase of volatility of

power flows (as introduced in the previous presentation by Sebastian Lehnhoff). As the generation

by Renewable Energy Sources (RES) is correlated to the changing weather conditions, the pattern of

power flowing through the transmission network is changing significantly over time as well. For the

electric power transmission system this leads to an increasing demand of new grid capacities. The

conventional way of extending grid capacity is by installing new overhead transmission lines.

However, it is more and more challenging to find new routes for overhead lines due to acceptance

problems from the population. Furthermore, new overhead transmission lines involve very high costs.

The goal of our current research is to develop new algorithms and methods for monitoring and

controlling the grid, which allow for a better utilization of the existing transmission grid and thereby

to reduce the demand for new transmission lines.

The future increase of transmission capacity will be achieved by several interlinked operational

measures. The main focus of this presentation will be on new operational control measures. Two

very relevant examples of such control measures are introduced in the following:

- Coordination of Power Flow Controllers (PFC):

Usually the pattern of power flows derives directly from physical laws (Ohm and Kirchhoff)

and the transmission grid operators cannot influence the level of flows. By using new PFC

devices, the level of power flows on certain lines can be influenced directly which also

influences the power flow on surrounding lines. To assure an optimal use of the PFC-devices

a coordination system is necessary to determine optimally the PFC set-points of devices in

the same area.

- Curtailment of fluctuating generation:

The option of reducing the generation by RES in certain situations can help to reduce the

required grid capacities. The main idea is to curtail generation which is located far away from

loads in situations of very high generation, causing very large power flows on the

transmission lines. The analysis of measured data about wind speed and solar irradiation

show that situations with a very large amount of power by RES only occur very rarely. That

means that the impact of curtailment in peak situations on the amount of total energy fed in

by renewables over one year is very low.

For the realization of such operational measures we use a distributed multi-agent approach, in which
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each agent is a small software entity communicating with other agents and being capable of acting in

its environment. This is justified by a good scalability of the approach, providing a manageable

interface to large amounts of distributed generators. Furthermore, the control measures have a

wide-range impact on several control areas operated by different grid companies. This leads to the

situation that the control measures have to be executed based on incomplete system information

and only local data. Multi-agent systems provide an advantage compared to central control systems

in getting along with only local information.

In this multi-agent system each PFC is associated with a controlling agent and each non-controllable

power system device (such as a transmission line) is equipped with a non-controlling agent.

Controlling agents continuously receive StateInformMessages which are originated from the

non-controlling agents and contain information about state and loading of the power system devices.

Based on these messages the controlling agent performs a topology analysis, followed by a sensitivity

analysis to estimate the influence of PFC control actions on each power system device. A weighting

function, which uses the loading and the sensitivity information, sorts the power system devices

according to their control needs. Based hereon control actions are executed, if necessary, with the

PFC-device corresponding to the controlling agent. Thus, power flows on overloaded lines in the

system are reduced by coordinated control actions of PFC devices.
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