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List of acronyms 
AAP – Available Active Power 

ID – Identifier 

ICT – Information and communications technology 

KPI – Key Performance Indicator 

RE – Renewable Energy 

TSO – Transmission System Operator 

UC – Use case 

VPP – Virtual Power Plant 

WP – Wind farm (wind park) 

Executive summary 
The concept of antimetric redispatch allows to minimize the impacts of redispatch measures 

on the balance of the power system. The approach thus meets the requirement to clearly 

separate balancing and redispatch measures. This report describes the execution of antimetric 

redispatch tests with wind farms in northern Germany and their technical evaluation. 

Technical challenges are described and corresponding recommendations are drawn up. 

1 Introduction 
Redispatch, at least in Germany, has so far generally been carried out through bilateral 

coordination between transmission system operators (TSOs) and large conventional power 

plants (>10 MW). The new German Redispatch 2.0 process [1] replaces the former 

“Einspeisemanagement” and not only runs much more automatically via the platform of the 

connect+ project, but also includes renewable energies (>100 kW). In UC3 of the ERA-Net 

project REgions, REdispatch by renewable energies (RE) was demonstrated using wind power 

plants in Schleswig-Holstein, applying a so called antimetric REdispatch approach, which is 

described in the following.  

Redispatch always consists of a combination of power reduction and increase at different 

locations in the grid, which are separated from each other by grid congestion. We propose that 

power reduction and increase should match not only in their amount but also in their timing. 

They should start and end at the same time and have the same ramps with opposite signs. This 

behavior, which we refer to as "antimetric”, is illustrated in the middle part of Figure 1. Figure 

1 also contains other wording suggestions. 
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Figure 1 : Illustration and wording proposals for the feed-in behavior of two power plants 

2 Field Tests on antimetric REdispatch (Use case 3) 
Figure 2 shows how antimetric feed-in was tested in the project by plotting the set points s1 and 

s2 of two wind farms. The sum of the set points sSum ideally corresponds to a horizontal line. 

Figure 2 also shows an unchanging available active power (AAP) of the wind farms. Under real 

operational conditions, the AAPs are time-varying. 

 
Figure 2: Illustration of antimetric REdispatch testing using two wind farm clusters 

If the sum of both set points and the corresponding feed-ins are not constant during the 

antimetric REdispatch, this imposes imbalances to the power system, which can increase the 

demand for balancing energy. We refer to this as “non-antimetric” behavior. 

2.1 Characterization of planned Field Tests 
The field tests are carried out with three wind farms (wind parks, WP) located in northern 

Germany. Table 1 shows characteristics of the wind farms. Wind farm 1 and 2 are combined 

into wind farm cluster 1, while wind cluster 2 consists of wind farm 3 only. 

 

Wind farm 
cluster 

Wind farm Municipality Installed capacity [MW] 

1 
WP1 Handewitt 3.2 

WP2 Beldorf 2.37 

2 WP3 Damlos 4.74 
Table 1 : Characteristics of the wind farms used for field tests 
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Figure 3 shows the locations of the wind farms. In contrast to WP3, WP1 and WP2 are 

located in regions with frequent curtailments, as the redispatch history 2021 of [2] indicates. 

 

 
Figure 3 : Locations of the wind farms (WP) used for the UC3 field tests and «Redispatch history 2021» of [2] 

2.2 Execution of the Field Tests 
The field tests were carried out using Fraunhofer IEE's virtual power plant (VPP) 

“EnergyConnect”. In order to be able to perform an antimetric REdispatch, from ICT's point 

of view it was technically necessary to assign the plants on both sides of the congestion to 

each other with a so-called unique redispatch identifier (redispatch ID).  

Several challenges occurred during the field tests. A modification of usable wind farms at 

short notice was necessary due to market participation reasons, technical feasiblity as well as 

to minimize potential energy losses for direct marketer and operators. 

The characteristics shown in Table 1 refer to the wind farms finally available for testing. 

During the first test, the configured threshold to detect poorly responding wind farms based 

on the amount of rejected set points was exceeded relatively quickly for wind farm 3. The 

wind farm was thus taken out of active control in the Smart-Dispatch (see [3]). Since it is the 

only wind farm in wind cluster 2, its behavior could not be controlled.  

However, the first test revealed that a session timeout of 60s is stored for wind farms WP2 

and WP3, which cannot be changed by the VPP control. Both wind farms accept a maximum 

number of one set point per minute, which is why no ramp shorter than one minute can be 

specified by the VPP through its set point settings. To address this problem, the test interval 

was extended. The originally planned ramp lengths of 30s and 60s (see Figure 20 in [4],) were 

extended to 150s and 300s respectively (see Figure 2). 

Further testing had to be postponed for half a year. The reason for this postponement was a 

cyber-attack on KA-SAT satellite on 24.2.2022, which affected ~30000 satellite terminals 

across Europe including 5800 ENERCON wind turbines [5]. It took about two months to re-

establish online communication [6], which is why the French tests of the project (UC1 and 

UC2) were prioritized at short notice. 
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Figure 4 shows the results of a follow-up field test, which could finally be carried out in 

summer 2022. The test data was recorded at 5s intervals. 

 
Figure 4 : Field test results  

For the first antimetric ramps, in this case they are immediate jumps of the set points s, at 

16:07:30 and 16:12:30, it becomes clear that the feed-in P2 of wind cluster 2 has a time delay 

of about 1 minute. The power drop of wind cluster 2 requested at 16:12:30 started at 16:13:40 

and resulted in a reduction of the feed-in P2 to zero. This resulted in incorrect set points for 

the rest of the test period; both for wind cluster 2 and 1.  

In the period between 16:20:00 and 16:25:00, set point s1 and feed-in P1 of wind cluster 1 are 

not constant. This can be explained by a unexpected lower control limit of 20% of the 

installed capacity set by the SCADA system of wind farm 1. A corresponding change in the 

control system has been implemented to address this issue for future testing.  

The last ramp of wind cluster 1 is stopped at 16:44:20 due to insufficient available active 

power (AAP) for further continuation. 

Nevertheless, certain time periods of the test can be evaluated. These are those in which the 

sum of the cluster set points s1 + s2 corresponds to a horizontal line. These time intervals have 

a highlighted background in Figure 5 and are used for the KPI evaluation in Table 2 and for 

the economic evaluation of antimetric REdispatch in [7]. 
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Figure 5 : Field test results with highlighted background for time periods used in the evaluation 

2.3 Results 
For a technical evaluation of the proof-of-concept, key performance indicators (KPI) are used 

as defined in [4]. Table 2 shows the KPI for wind farm cluster 1, wind farm cluster 2 and the 

aggregation of both. Regarding the fulfillment corridor (of ±0.002 around set point) KPI 3-1, 

wind cluster 2 has the highest KPI despite its time delay, which is due to its good set point 

fulfillment during the plateau at about 16:40:00. For the calculation of rise times (KPI 3-2 and 

3-3), the plateaus at 16:10:00 and 16:40:00 were taken into account and not only rises 

(threshold of 0.95 x s), but also falls (threshold of 1.05 x s) were considered. For the 

calculation of the ratio of satisfied rise time (KPI 3-4), bands of 10% were set around the 

respective set points. 

The same bands were used for the settling times (KPI 3-5 to 3-7). Wind cluster 2 remains in 

the band around the plateau at 16:40:00 from the beginning (minimum settling time of 0s). In 

all other cases, the wind clusters do not reach a feed-in that remains continuously in the 

bands. In this case the plateau duration is given in Table 2. For the calculation of over- and 

undershoots (KPI 3-8 to 3-11), only the periods of the two plateaus at 16:10:00 and 16:40:00 

are considered for wind cluster 2 in order to avoid a division by zero. For the calculation of 

KPI 3-14 and 3-15, the grid frequency from [8] was used and it was checked whether the 

deviations of the feed-in from the set point were positive or negative and whether 

overfrequency or underfrequency was present. This comparison of deviations and grid 

frequency and the inclusion of balancing energy prices allows an economic evaluation of 

antimetric redispatch, as proposed in [7]. KPI 3-16 results from the differences between AAP 

and feed-in. 

The partly poor KPIs, of wind cluster 2 in particular, are largely due to time lags and the  

mentioned session time-outs of 60 seconds. 
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Table 2 : Key performance indicators of the German proof-of-concept (UC3) for antimetric REdispatch 

KPI 

number 
KPI denotation KPI symbol 

KPI test result 

Wind 

cluster 1 

Wind 

cluster 2 

Wind 

cluster 1 

& 2 

3-1 Fulfillment corridor 𝑅𝑅𝐷𝐹𝑢𝑙𝑓𝑖𝑙𝐶𝑜𝑟𝑟,𝑡𝑟𝑢𝑒 0.032 0.048 0.037 

3-2 Minimum rise time ∆𝑡𝑚𝑖𝑛,𝑟𝑡 0s 0s 0s 

3-3 Maximum rise time ∆𝑡𝑚𝑎𝑥,𝑟𝑡 45s 105s 100s 

3-4 Ratio of satisfied rise 

time 
𝑅𝑟𝑡,𝑡𝑟𝑢𝑒 0.714 0.37 0.566 

3-5 Minimum settling time ∆𝑡𝑚𝑖𝑛,𝑠𝑡 255s 0s 255s 

3-6 Maximum settling time ∆𝑡𝑚𝑎𝑥,𝑠𝑡 290s 290s 290s 

3-7 Ratio of satisfied 

settling time 
𝑅𝑠𝑡,𝑡𝑟𝑢𝑒 0.714 0.37 0.566 

3-8 Maximum relative 

overshoot 
𝑑𝑒𝑣𝑚𝑎𝑥,𝑟𝑒𝑙,𝑜𝑣𝑒𝑟𝑠ℎ 0.371 0.834 0.317 

3-9 Minimum relative 

undershoot 
𝑑𝑒𝑣𝑚𝑎𝑥,𝑟𝑒𝑙,𝑢𝑛𝑑𝑒𝑟𝑠ℎ 0.000118 0 0.0006123 

3-10 Ratio of overshoots 𝑅𝑟𝑒𝑙,𝑜𝑣𝑒𝑟𝑠ℎ,𝑑𝑒𝑣 0.64 0.323 0.407 

3-11 Ratio of undershoots 𝑅𝑟𝑒𝑙,𝑢𝑛𝑑𝑒𝑟𝑠ℎ,𝑑𝑒𝑣 0.328 0.63 0.556 

3-12 Frequency distribution 

of relative deviations 

from set point 

See Figure 6 

3-13 Corrected sample 

standard deviation 
𝑠𝑠𝑡𝑑 209 kW 462 kW 452 kW 

3-14-1 Caused positive 

balancing energy 

demand 

𝐸𝑝,𝑐𝐵𝑅 12.15 

kWh 

47.98 

kWh 

48.89 

kWh 

3-14-2 Avoided negative 

balancing energy 

demand 

𝐸𝑛,𝑎𝐵𝑅 1.04 kWh 13.38 

kWh 

10.63 

kWh 

3-15-1 Caused negative 

balancing energy 

demand 

𝐸𝑛,𝑐𝐵𝑅 4.27 kWh 1.75 

kWh 

2.24 kWh 

3-15-2 Avoided positive 

balancing energy 

demand 

𝐸𝑝,𝑎𝐵𝑅 20.49 

kWh 

8.81 

kWh 

18.05 

kWh 

3-16 Loss energy 𝐸𝑙𝑜𝑠𝑠 316.74 

kWh 

406.96 

kWh 

723.7 

kWh 
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Figure 6 : Frequency distribution of relative deviations from set point 

3 Conclusion 
We introduced the concept of antimetric REdispatch to minimize the impact of redispatch 

measures on the balance of the power system. This concept should be feasible to implement 

with an advanced digitalization of the energy sector. To implement antimetric redispatch, a 

unique ICT assignment of the plants on both sides of the grid congestion is necessary: a so-

called unique redispatch identifier (redispatch ID) is required, which is missing in grid 

transparency data, making data analysis difficult (see [7]).  

Several technical challenges occurred during the field tests. A cyber-attack has underlined the 

need for secure and redundant ICT channels. A large time lag has occurred between set point 

and fulfillment (response time), which makes it advisable to implement ramp capability at the 

plant control level instead of the VPP level. A more accurate planning of the entire antimetric 

redispatch process is necessary, with better consideration of possible control limits and of the 

available active power, also based on better short-term forecasts. Larger clusters with more 

plants should be investigated, as aggregation compensates for errors and insufficient AAP. 

The concrete ramp durations and heights for antimetric redispatch need to be adapted to the 

technical capabilities of the power plants to be included in antimetric redispatch. 
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