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EXECUTIVE SUMMARY 

 

The German demonstration within EU-SysFlex has been set up in order to prove the feasibility of innovative 

congestion management and voltage control. The approach of the German demonstration is a combined and 

optimised active and reactive power management in the distribution grid. This not only allows the DSO to enhance 

efficiency in grid operation, but on the same time facilitating congestion management and voltage control support 

for the TSO. To reach these goals, schedule-based processes were designed and tested.  

 

The concept of the German demonstration is on the one hand to meet the requirements of the regulatory 

framework to implement successful solution in daily operation, but on the other hand to develop solutions that 

also show benefits in a changed regulatory framework and proposes the needed changes. 

 

The following benefits would be gained in using the developed Decision Support Tools in grid operation: 

¶ Efficient schedule-based management of active and reactive power for redispatch and voltage control. 

¶ Reduced active power flexibility need by integrating reactive power in the optimisation process. 

¶ Reduced complexity for grid operator staff. 

¶ Enhanced efficiency in grid operation by reducing grid losses. 

 

The key to obtain these benefits is coordination between involved system operators. This design of coordination 

scheme of the German demonstration enhances the resiliency in strengthen the liability according to EU Directive 

2019/944 and as proven, it shall be based on the following principles: 

¶ Every system operator is responsible for its own grid. 

¶ Every system operator predicts the available flexibility potential in its own grid. 

¶ System operators from connected grids are being informed about available flexibility potential. 

¶ Flexibility selection and activation is carried out by the system operator where the flexibility is connected. 

¶ Both TSO and DSO needs and constraints are taken into account. 

 

In case of insufficient coordination, experiences from the German demonstration evince the inaccuracy of 

optimisation results and therefore insecure decision-making in grid operation. The insecure decision-making leads 

to high security margins or high probability of additional emergency measures need. Such inefficient coordination 

contradicts the goal of an efficient grid operation. 

 

The German demonstration has shown the feasibility of efficient schedule-based congestion management and 

voltage control with an approach that allows reduced data exchange complexity, i.e. the use of data thrift principles. 

In Germany, the regulatory framework obliges DSOs to exchange detailed information that the German 

demonstration has shown superfluous. With the approach of the German demonstration, higher level of 

aggregation leads to the same efficient decision-making and reduces the amount of information exchanged. This 

data thrift approach is based on the following principles, which also support the liability according to EU Directive 

2019/944: 
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¶ Grid data always stays in the sphere of the respective system operator. 

¶ Grid impact analysis remains the responsibility of the respective system operator. 

¶ Data exchange is aggregated a much as possible to reduce complexity. 

 

The following key messages can be condensed from the findings of the German demonstration within EU-SysFlex: 

1. The coordination of flexibility providing System Operator (SO) and flexibility demanding SO is key for an 

efficient use of flexibilities. 

2. Efficient Schedule-based management of active and reactive power for redispatch and voltage control 

is feasible. 

3. The accuracy of forecast is the most important factor for reliable prediction of network states. 

4. The prediction of reactive power deviates more than active power. 

5. The complexity for grid operators can be reduced by German deƳƻƴǎǘǊŀǘƛƻƴΩǎ 5ŜŎƛǎƛƻƴ {ǳpport Tools. 

6. The efficiency of grid operation can be increased by approximately 5 %. 
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1. INTRODUCTION 

 

Today, the energy supply within the European energy system is undergoing significant changes due to the addition 

of renewable energy sources (RES), which are mainly integrated in distribution grids. As a result, it is followed by 

increasing decentralization and complexity of the power supply. This inevitably leads to high probability of 

widespread technical challenges such as line overloads, reverse energy flows, unforeseen congestions and sudden 

voltage violations. The renewable resources are characterized by a high level of fluctuation in power supply, which 

is crucial for grid operators such as DSOs and TSOs. Nevertheless, renewable generation units are gradually 

replacing conventional power plants due to relatively low energy cost and minimal harmful impact on the 

environment. In this regard, it becomes necessary to implement innovative system solutions, as well as effective 

measures and tools for the optimisation of the energy system with high share of RES, including further development 

in the energy market. This is the goal of EU-SysFlex. 

 

1.1 WP6 GOALS AND TASK OF THE GERMAN DEMONSTRATION  

 

Work package WP6 of EU-SysFlex has been designed to analyse the "Demonstration of flexibility services from 

resources connected to the distribution network". The resulting opportunities, arising from the decentralized 

flexible distribution network assets, enable a secure and safe power supply system, but need increased 

coordination between TSO and DSO. The primary goal of the German demonstration in the EU-SysFlex project is to 

enable the energy system to use flexibilities connected in the high voltage distribution system in an efficient and 

coordinated way. In order to achieve the defined goal, in-depth analysis are carried out, in particular, to tackle the 

identified technical deficiencies in developing effective tools with a focus on integrating and testing new system 

services in control centres of the distribution system operator. The German demonstration is led by the distribution 

system operator (DSO) MITNETZ STROM with the support of E.ON and the technical partners Fraunhofer IEE, 

university of Kassel and INESC TEC. The results achieved allow increasing usage of available flexibilities of power 

supply systems due to the enablement of active and reactive power flexibility usage coming from RES connected to 

the distribution grid for the needs of DSOs and TSOs. 

 

1.2 SCOPE AND OBJECTIVES OF THIS DELIVERABLE 

 

The aim of the German Demonstration is to enable the provision of flexibility services from DSO connected sources 

ǘƻ ǘƘŜ ¢{hΣ ŦƻǊ ǘƘŜ ¢{hΩǎ ŎƻƴƎŜǎǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ŘǳŜ ǘƻ ƭƛƴŜ ƭƻŀŘƛƴƎǎ ŀƴŘ ǾƻƭǘŀƎŜ ƭƛƳƛǘ ǾƛƻƭŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ 

DSO itself is using the same services in order to sustain a stable and secure grid operation in the distribution grid. 

For these flexibility services, active and reactive power provision is managed from assets in the distribution grid. 

How this is developed, implemented and executed is described in this deliverable.  

Primarily, conventional as well as RES generation units in the high voltage (HV) grid ς in Germany namely 110 kV - 

would provide the aforementioned flexibility services. For active power flexibilities assets that are not directly 

connected to the HV grid but rather connected to lower voltage levels, can also be utilised in general ς but were 
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not considered for the field tests. The flexibilities are not prioritised according to the voltage level but rather 

according to the effect on the congestion and the costs. 

To realise this, the following detailed objectives were pursued: 

ω forecasting generation and consumption connected to the HV grid; 

ω predicting power flows in the HV grid, including possible power flows due to contracted capacities for 

frequency stability services which might be activated by the TSO; 

ω taking into account all grid constraints due to security reasons in the distribution grid including flexibility 

activation for congestion management in the distribution grid; 

ω providing information of the available flexibility potential of active power (day-ahead and continuous 

intraday update) and reactive power (intraday - up to 6 hours ahead expected) to the TSO; 

ω enabling the delivery of flexibility services and the eȄŜŎǳǘƛƻƴ ƻŦ ǘƘŜ ¢{hΩǎ Ŏŀƭƭǎ ŦƻǊ ŦƭŜȄƛōƛlity. 

 
1.3 STRUCTURE OF THE DOCUMENT 

 

The structure of the deliverable is as follows: 

¶ Chapter 2 describes the actual situation in the Mitteldeutsche Netzgesellschaft Strom mbH (MITNETZ 

STROM) grid, introduces drivers and challenges and outlines the general objectives of the demonstration; 

¶ Chapter 3 presents an overview of the development work done in the demonstration and explains the 

most important functionalities; 

¶ Chapter 4 presents the outcomes of the field tests and the experience gained from the demonstration, 

¶ Chapter 5 describes the conclusion and key messages of the German demonstration. 
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2. GENERAL OVERVIEW OVER THE DEMONSTRATION 

 

The German Demonstration is being implemented in the HV (110 kV) distribution grid of MITNETZ STROM in the 

south of Brandenburg and Saxony-Anhalt and in the west and south of Saxony. In the grid area of MITNETZ STROM 

the installed capacity sums up to 10.2 GW of distributed energy resources (DER), of which more than 9.5 GW (i.e. 

more than 93%) are renewable energy resources (RES). The German demonstration uses an installed capacity of 

5.5 GW of distributed assets connected to the HV grid, of which 4.3 GW are renewable. These available flexibilities 

will be offered to the TSO, who operates the extra-high voltage (EHV) grid of 220 kV and 380 kV. The Demonstration 

therefore includes 17 TSO/DSO interfaces at the EHV/HV interface with 43 transformers.  

 

 

FIGURE 1 ς OVERVIEW OF THE GERMAN DEMONSTRATION 
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Figure 1 provides a detailed overview of the innovations to tackle the challenges within the German demonstration, 

as well as the expected results. These points are described in detail in this chapter of the deliverable. 

 

2.1 STATUS-QUO, DRIVERS AND CHALLENGES ADDRESSED BY THE DEMONSTRATION 

 

In 2030, an even more increasing share of RES in the energy system is expected. High share of weather dependent 

fluctuating generation makes more efficient congestion management processes for both TSOs and DSOs necessary. 

Already today, events occur that cause congestions in the transmission and distribution grid.  

While developing the German demonstration, regulation for congestion management has changed. New regulation 

is in action since 01. October 2021 and the following description is from perspective of the former regulation. In 

normal operation, foreseen congestions in the transmission grid are managed with redispatch measures according 

to § 13.1 of the German Energy Industry Act (Energiewirtschaftsgesetz ς EnWG [1]) applied only to conventional 

power plants connected to the transmission grid. Formally, there is also the possibility to include conventional 

plants (> 10 MW) connected to the distribution grid in this process, but in reality this is rarely done. If the redispatch 

potential is not sufficient, the next step is the feed-in curtailment according to § 13.2 of the German Energy Industry 

Act. In this process feed-in from RES is reduced as an emergency measure. This curtailment is realized first via RES 

connected to the transmission grid, and only after that via RES connected to the distribution grid. The process is set 

up in such a way that the TSO issues a request for feed-in curtailment to the DSO. It is then the responsibility of the 

DSO to fulfil the measure. This process of the congestion management under former regulation regarding solving 

congestion in the transmission grid is visualized in Figure 2. 

 

 
FIGURE 2 ς PROCESS OF THE GERMAN CONGESTION MANAGEMENT BEFORE 01. OCTOBER 2021 

 

¢ƘŜ ƛƴŎǊŜŀǎƛƴƎ ǎƘŀǊŜ ƻŦ w9{ ŀƴŘ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ŘŜƭŀȅǎ ƛƴ DŜǊƳŀƴȅΩǎ ǇƭŀƴƴŜŘ ƎǊƛŘ ŜȄǇŀƴǎƛƻƴ ǇǊƻƧŜŎǘǎ ƳŀƪŜ that 

transmission system operators (TSOs) already face challenges in day-to-day grid operation and operational 
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planning. It has become increasingly common that TSOs are forced to apply remedial measures at short notice such 

as redispatching in order to relieve grid congestions. In situations with high feed-ins of RES, a sufficient number of 

power plants suitable for redispatching in operation are not always available. The feed-in curtailments of RES 

according to § 13.2 of the German Energy Industry Act, which are supposed to be emergency measures, were used 

in addition. Unlike redispatch measures curtailment is not an energetically balanced measure and therefore needs 

additional balancing measures, such as balancing power. This has been resulting in compensational payments for 

curtailing RES plants and, in addition, payment for the balancing energy needed. This causes a double payment, 

although the congestion was predicted and foreseen. Furthermore, these former solutions to deal with shortage of 

congestion management measures for the transmission grid were reaching their technical and economic limits. The 

approach of the German demonstration for a innovative process of including RES, connected to the distribution 

grid, into schedule-based congestion management, means redispatch, is in line with the new regulation and is 

described in chapter 3. 

!ƴƻǘƘŜǊ ŎƘŀƭƭŜƴƎŜ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǾƻƭǘŀƎŜ ŎƻƴǘǊƻƭ ƛƴ ǘƘŜ DŜǊƳŀƴ ƎǊƛŘΦ ¢ƻŘŀȅΩǎ ǾƻƭǘŀƎŜ ŎƻƴǘǊƻƭ ŀǘ ǘƘŜ ƛƴǘŜǊŦace 

between the TSO and the DSO consists of two tools. One tool is to activate/deactivate an inductor at the interface. 

The other tool is to use the on load tap changer (OLTC) on the EHV/HV transformer. Both tools are controlled by 

the TSO, but used in coordination with the DSO. The coordination process is done by phone. The operator who 

needs the flexibility calls the other party to coordinate the use of the flexibility. Detecting the need is close to real 

time. The DSO uses OLTC at HV/MV-substations as well with an automatic setting to adjust the voltage to a defined 

range in MV. Due to a large share of infeed from distributed energy resources (DER), the limited operating range of 

the OLTC is insufficient compared to the needed flexibility. The full potential of the OLTC is already in use for voltage 

control. Thus, additional methods of providing reactive power flexibility are needed.  

Therefore, coordination and automation for these is required whenever the predicted voltage at the TSO/DSO 

interface is estimated to be out of the operational band meaning that the predicted voltage is either higher than 

the upper bound or lover than the lower bound. A generalized example is illustrated in Figure 3. 

Dynamic local voltage control in the distribution grid is not considered as flexibility between TSO and DSO, although 

it has the potential to be a third tool. Today, TSOs can also adapt the power factor of big conventional power plants 

or grid assets like a phase shifter or Static Synchronous Compensator (STATCOM) for voltage control in the 

transmission grid and the DSO uses static settings or in some cases dynamic settings for local voltage control in 

distribution grid. If the voltage settings and the reactive power flow at the interface between TSO and DSO are 

within a defined range, there is no coordination between the two parties regarding reactive power management in 

the respective grid and the operators make sure to keep the settings in this range. The usage of these two existing 

tools for voltage control depends on the availability of a sufficient amount of reactive power flexibilities in extra 

high voltage (EHV). Dependencies on conventional plants in the EHV level does not fit into a future power system 

with an increasing share of RES that is mainly connected to the HV and lower voltage levels. These distributed 

energy resources (DER) are displacing and consequently decreasing the amount of flexibilities from EHV grid 

connected plants. The limited coordination between TSO and DSO regarding reactive power management leads to 

limited settings for voltage control. 
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FIGURE 3 ς PREDICTED VOLTAGE AT TSO/DSO INTERFACE 

 

Multiple drivers constitute the basis for the German Demonstration, which can be distinguished between internal 

and external drivers. Internal drivers are situations, events or decisions that occur inside the business and are 

therefore under control of the company. External drivers on the other hand are situations, events or decisions that 

occur outside of the company. The external and internal drivers of the German Demonstration are displayed in 

Figure 4. 

 

 
FIGURE 4 ς DRIVERS FOR THE GERMAN DEMONSTRATION 

 

Already in 2017 Germany had a share of roughly 40 % [2] of renewable energy resources (RES) regarding the net 

electricity generation. In 2030, an even higher share of RES is expected, as the government aims at 65% RES in 2030 
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as stated in the legal amendment of the German Renewable Energy Act (EEG) in 2017 [3]. This raising share of RES 

in the system leads to significant structural changes of the power system. 

The generation from RES will continue to increase in the future, and therefore the number of conventional power 

plants will decrease and it will result in a more decentralised power system. Due to this, the flexibility potential in 

transmission grid will face a strong decrease. Therefore, some flexibilities will have to be provided by RES, a large 

share of which is connected to the distribution grid. In Germany, the distribution grid covers voltage levels from 

110 kV down to low voltage. Most of the RES are connected to the same infrastructure as most of the consumption. 

The HV distribution grid is built as a meshed grid and this means that the sensitivity and impact of generation units 

on e.g. the interconnection to the TSO depend on load flow and grid topology.  

This increasing share of distributed RES leads to higher requirements in congestion management for both TSO and 

DSO. Already today, events occur that cause congestion both in the TSO and in the DSO grids. An exemplary 

situation for that is when the use of conventional power plants in the distribution grid for reserve requirements 

(frequency control or frequency restoration) by the TSO causes congestion in the distribution grid. In this case, 

there is a risk that if TSO and DSO do not coordinate their actions, the DSO solves this congestion e.g. by reducing 

production of RES in the distribution grid, counteracting the measure for reserve requirements taken by the TSO.  

The increase of the share of RES also leads to a shoǊǘŀƎŜ ƻŦ ǘƻŘŀȅΩǎ ǊŜŘƛǎǇŀǘŎƘ ǇƻǘŜƴǘƛŀƭ. If units fed in as traded by 

commercial aggregators (who set the schedule) without the TSO performing redispatch (setting a new schedule), 

many lines would show congestion in the grid (see for example red transmission lines in Figure 5). 

 

 
FIGURE 5 ς GERMAN TRANSMISSION GRID BEFORE REDISPATCH  

(SOURCE: BNETZA, GERMAN REGULATORY AUTHORITY, 2017) 

 
After performing redispatch at transmission level, there are still some lines with more than 100% use of capacity 

already in the (n-0)-case (red bubbles in Figure 6). The goal is to reach always a line loading of less than 100% in the 

(n-1)-scenario to fulfil the (n-1)-criterion. Including RES connected to the distribution grids in the redispatch process, 

would increase the redispatch potential to achieve a line loading in the transmission grid to be lower than 100% for 

the (n-1)-scenario. 
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FIGURE 6ς GERMAN TRANSMISSION GRID AFTER REDISPATCH  

(SOURCE: BNETZA, GERMAN REGULATORY AUTHORITY, 2017)  

 

Additionally, the increasing share of RES is leading to higher requirements for voltage control. An event from 

24.10.2018 where around 1 GW of infeed was curtailed as an emergency measure in the HV grid of MITNETZ STROM 

because of voltage violation in the EHV grid caused by significant forecast deviation stipulates these increasing 

requirements. Reactive power flexibility could not be used due to lack of knowledge of reactive power flexibility 

potential in distribution grid. Therefore, such a high amount of active power needed to be curtailed. The system for 

enabling reactive power flexibility provision to the TSO from the distribution grid connected flexibility resources 

has been developed in EU-SysFlex German demonstration within the WP6. 

 

Internal Driver: Cost efficiency 

The German Demonstration has shown how to use all possible generator flexibilities in the DSO grid in order to 

solve grid congestions in the TSO and DSO grid in the most cost-efficient way. For cost-efficiency, the amount of 

needed flexibilities can be reduced if flexibilities are close to ǿƘŜǊŜ ǘƘŜ ŎƻƴƎŜǎǘƛƻƴ ƛǎ ƻŎŎǳǊǊƛƴƎΦ ¦ƴŘŜǊ ǘƻŘŀȅΩǎ 

regime for congestion management, the costs will increase, also caused by the needed balancing. The costs for 

congestion maƴŀƎŜƳŜƴǘ ƛƴ нлмт ǊŜŀŎƘŜŘ ŀ ƴŜǿ ǊŜŎƻǊŘ ƻŦ мΦп ōƛƭƭƛƻƴ ϵ ώ4]. 

Reactive Power flexibilities for voltage control face the same technical problem, but today the amount needed is 

provided via the regulations in grid connection contracts between Generation Operator and System Operator, so 

that there are no flexibility costs. In the future, the needed amount could rise above the potential available via grid 

connection contracts. The use of flexibilities for voltage control will also be shown in the German Demonstration. 

 

In summary, the main drivers considered in the German Demonstration are external drivers, namely the increased 

share of RES, especially volatile RES like wind, not located close to the demand sites and increasingly connected to 

the distribution grid, which leads to a structural change in the power system. That leads to higher requirements for 

congestion management and at the same time to a shortage of redispatch potential in the transmission grid. 

Uncoordinated measures of the TSO and DSO can lead to counteracting measures. Therefrom arise the technical 

needs of active and reactive power flexibilities for congestion management and voltage control as well as the 
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regulatory requirements for a cost-efficient process. To achieve a cost-efficient process, coordination is needed, 

that consider all constraints for TSO as well as for DSO. 

 

2.2 GOALS OF THE DEMONSTRATION AND CONTRIBUTION TO WP6 AND PROJECT OBJECTIVES 

 

The German demonstration was set up to estimate a possible flexibility range of reactive power at grid nodes at 

the DSO/TSO interface, and of active power at the unit level, in order to provide these as ancillary services to the 

TSO for congestion management and voltage control in the transmission grid. Furthermore, the demonstration 

disaggregates these estimated values at generating unit level to enable the addressing and use for distribution grid 

ǇǳǊǇƻǎŜǎΦ ¢Ƙƛǎ ŜǎǘƛƳŀǘƛƻƴ ŘƻŜǎ ƴƻǘ ŜȄƛǎǘ ƛƴ ǘƻŘŀȅΩǎ ƎǊƛŘ ƻǇŜǊŀǘƛƻƴ ƛƴ ŀ ŦƻǊŜŎŀǎǘŜŘ ǿŀȅΦ ¢ƘŜ ŀƛƳ ƛǎ ǘƻ ƛƴǘŜƎǊŀǘŜ w9{ 

connected to the distribution grid into the schedule-based process for congestion management and voltage control 

in the transmission grid while considering the interdependencies between active and reactive power flexibilities of 

these units.  

One main research object was to estimate the future grid states based on grid simulations and improved forecasts 

as well as the interferences (e.g. restrictions, dependencies or disturbances due to load flow) in the meshed grid in 

order to foster a transparent coordination at the TSO/DSO interface. The demonstration is following a new 

approach. The new approach has considered the availability (including load and generation forecasts) and cost 

(today regulatory fixed compensation and, in the future, potentially bids from a flexibility market) of flexibility. In 

addition, the approach has considered the impact on the requested operating point in the network as a flexibility 

activation changes the technical sensitivities in the grid. This approach is to find the most efficient solutions 

concerning costs and impact when managing active and reactive power requests from the TSO, considering system 

stability and optimisation of the whole power system (both in the transmission and distribution grid). 

The goal of the demonstration was to result in a more accurate estimation of the power network state and its 

predicted future states. With the knowledge of the power flow in the distribution network, a more realistic flexibility 

range of active and reactive power can be offered to the TSO. This will result in requests that are more accurate 

from the TSO leading to less corrective actions such as curtailment of the PV, which can lead to high costs due to 

the fact that currently a lot of PV units are not equipped to react to curtailment requests. The communication and 

coordination between TSO and DSO is improved due to direct insight for the TSO in the available flexibility ranges 

from the distribution grid. In Figure 7, the objectives of the German demonstration are presented and which SUC's 

(System Use Cases) contribute to the implementation: 

ω Forecasting generation and consumption connected to the HV grid; 

ω Predicting power flows in the HV grid, including possible power flows due to contracted capacities for 

frequency stability services which might be activated by the TSO; 

ω Taking into account all grid constraints due to security reasons in the distribution grid including flexibility 

activation for congestion management in the distribution grid; 

ω Providing information of the available flexibility potential of active power (day-ahead and continuous 

intraday update) and reactive power (intraday - up to 6 hours ahead expected) to the TSO; 

ω Enabling the delivery of ŦƭŜȄƛōƛƭƛǘȅ ǎŜǊǾƛŎŜǎ ŀƴŘ ǘƘŜ ŜȄŜŎǳǘƛƻƴ ƻŦ ǘƘŜ ¢{hΩǎ Ŏŀƭƭǎ ŦƻǊ ŦƭŜȄƛōƛƭƛǘȅΦ 
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FIGURE 7 ςOVERVIEW OF THE GOALS OF THE GERMAN DEMONSTRATION AND WHICH SUC'S CONTRIBUTE TO THE IMPLEMENTATION. 

 

2.3 INNOVATION OF THE DEMONSTRATION 

 

The innovation of the German Demonstration in general is including RES in congestion management by setting up 

a new and coordinated process for congestion management and developing an automated tool for voltage control 

and reactive power management. For those reasons, the integration of new and improved forecasts for RES 

generation and load are needed.  

 

 
FIGURE 8 ς OVERVIEW OF EU-SYSFLEX OPTIMISATION IN THE GERMAN DEMONSTRATION 

(SOURCE: ADAPTED FROM [8]) 
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The innovation is furthermore reflected in the combined optimisation of active and reactive power as it is illustrated 

in Figure 8. The illustration shows that the active and reactive power provided from the distribution grid to the 

transmission grid is controlled and jointly optimised in the EU-SysFlex optimisation. Additionally, Figure 8 illustrates 

how the requirements for active and reactive power coming from the transmission grid are followed and how the 

requirements are broken down for individual plants included in the Demonstration. 

 
2.4 LIMITATIONS 

 

The use of flexibilities in the German Demonstration is subject to the regulations of RES. The settlement of 

innovative products cannot be implemented ǳƴƭŜǎǎ ƛǘ Ŧƛǘǎ ƛƴǘƻ ǘƻŘŀȅΩǎ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪΣ ōǳǘ ǘƘŜ ǘŜŎƘƴƛŎŀƭ 

feasibility can be shown. Due to this, the use of flexibilities from RES ƛǎ ǎŜǘǘƭŜŘ ŀǎ ŎǳǊǘŀƛƭƳŜƴǘ ǿƛǘƘƛƴ ǘƻŘŀȅΩǎ 

regulations. In contrast to settlement, the technical process to integrate RES is innovative and developed within the 

demonstration.  

 

2.5 EXPECTED RESULTS  

 

The expected outcome of the German Demonstration is the enabling of flexibility services provision from DSO 

ŎƻƴƴŜŎǘŜŘ ǎƻǳǊŎŜǎ ǘƻ ǘƘŜ ¢{hΣ ŦƻǊ ǘƘŜ ¢{hΩǎ ŎƻƴƎŜǎǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ need due to line loadings and voltage limit 

violation. Figure 9 shows at which voltage levels these RES, providing flexibility, are connected and to where they 

are offered. It illustrates that in the German Demonstration flexibility resources from the 110 kV voltage level are 

offered to the transmission level and are additionally used in the 110 kV level itself. Furthermore, Figure 9 displays 

what scarcities these flexibilities solve. In the German Demonstration, the flexibilities are used as measures against 

voltage violations and congestions. 

 

 
FIGURE 9 ς FLEXIBILITIES OFFERED AND SCARCITIES SOLVED BY FLEXIBILITIES 
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The German Demonstration is developed to show a functional verification with real actions in field test for the 

developed process in active and reactive power management. The foreseen development results in a prototype 

status ready to implement in real operating processes. That includes the proof of concept of an efficient process 

with an increase of flexibilities, which can be used at the transmission grid as well as a loss optimised distribution 

grid. The increase of the use of flexibilities implies a cost-efficient use of active and reactive power for ensuring the 

maximum feed-in of RES. 

The German Demonstration shows as well the feasibility of a fully automated process for a combined grid 

optimisation in active and reactive power flow, based on an accurate forecasting. Another result of the German 

Demonstration is the proof of concept of the developed coordination process between TSO and DSO for redispatch. 

Developing innovative settlement and proof of concept is in scope of the German Demonstration, whereas pointing 

ƻǳǘ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ǘƻŘŀȅΩǎ ǎŜǘǘƭŜƳŜƴǘ ƛǎ outside of the scope. The same goes for market frameworks for using 

the flexibilities, because market framework and settlement are mutually dependent and are based on regulatory 

framework. 
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3. EU-SYSFLEX DEVELOPMENTS WITHIN THE DEMONSTRATION 

 

The innovation in the German Demonstration regarding active power management is the coordination between 

the TSO and the DSO within the automated process of schedule based congestion management. The innovative 

process is based on the existing one, using flexibilities of conventional resources in transmission grid, and is being 

broadened to integrate RES, connected to the distribution grid, in it. The main difference to the status quo process 

is the integration of the DSO in the whole process and not only in emergency measures close to real time. The 

process enabling the provision of active power from flexibilities in the distribution grid to the TSO for relieving 

congestion in the transmission grid is defined as follows: 

 

First, congestions in the distribution grid are managed by the DSO, and then the remaining flexibility potentials of 

active power are offered to the TSO. The TSO calculates power flow in its network and requests the necessary 

flexibilities from the DSO for the German and the European redispatch process. In case of flexibility requests, the 

DSO breaks the flexibility call down on individual plants and gives the instructions to the appropriate plants for 

respective timetable changes. This day-ahead process is illustrated in Figure 10. 

 

 
FIGURE 10 ς DAY-AHEAD PROCESS FOR ACTIVE POWER FLEXIBILITIES 

 

Due to forecast deviations, a continuous intraday process for active power flexibilities is set up in addition to the 

described day-ahead process. The intraday process is visualized in Figure 11. 

 



 
THE GERMAN DEMOONSTRATION 

 
FLEXIBILITY OF ACTIVE AND REACTIVE POWER FROM HV DISTRIBUTION GRID TO EHV TRANSMISSION GRID 

 
DELIVERABLE: D6.7 

 

 24 | 83  

 
FIGURE 11 ς INTRADAY PROCESS FOR ACTIVE POWER FLEXIBILITIES 

 

The principle of the EU-SysFlex Demonstration is the same as one variant defined in PG FHWM (project group of 

TSO and DSOs to define how to coordinate frequency control and active power management) - with the difference 

that it is put into practice in EU-SysFlex. The German Demonstration therefore builds upon the results from the 

defined processes of this project group of TSO and DSOs and puts one process into practice to test it. Therefore, 

the needed functionalities will be defined and developed. The results of the field test will be evaluated to detect 

further development needed for an automated process. While preparing the field test and defining the data 

exchange, as described in chapter 3.1, new regulation schemes were discussed and the experience of these 

preparations could be brought into this discussion. As a result, the regulation in action since 01st October 2021 is in 

line with described congestion management approach of the German demonstration. 

The innovation in the German demonstration regarding reactive power management is the set-up of an automated 

ǘƻƻƭ ŦƻǊ ŘȅƴŀƳƛŎ ǾƻƭǘŀƎŜ ŎƻƴǘǊƻƭ ŀƴŘ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ƳŀƴŀƎŜƳŜƴǘΦ Lƴ ǘƻŘŀȅΩǎ ǾƻƭǘŀƎŜ ŎƻƴǘǊƻƭ ŀŎǘƛƻƴǎΣ ŘȅƴŀƳƛŎ ƭƻŎŀƭ 

voltage control in the distribution grid is not considered as flexibility for transmission grid. The demonstration has 

exactly the goal to show the feasibility of reactive power flexibilities from plants in the distribution grid as a service 

to the TSO.  

For this, the DSO runs a combined optimisation for active and reactive power calculating the reactive power 

potentials, which can be offered to the TSO. As soon as the TSO foresees possible violations of voltage limits, 

flexibilities from the offered potential can be requested. The process for this is illustrated in Figure 12. The goal is 

to set up an automated process for this, which will be running in parallel at first, but is built to be running fully 

automated in the long term. 

 
























































































































