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ABSTRACT 

The research project Designetz is investigating the use of 

flexibilities both with simulation models and with the use 

of pilot projects in the field. Its objective is to test these 

pilot projects under realistic conditions for the year 2035 

with a high share of renewable energies. The so-called 

“System-Cockpit” simulates the electric power demand 

for flexibility and calls this from the pilot projects 

accordingly. In this paper, we present the simulation setup 

and research methodology of the “System-Cockpit”. 

INTRODUCTION 

The subject of this work is to provide an overview of the 
concept and technical realisation of the so-called “System-
Cockpit” (SC), a key component in the research project 
Designetz for investigating flexibility usage at large scale 
for distribution system operation in the year 2035 [1]. The 
SC is connected to different types of flexible pilot projects 
via an ICT platform. These pilot projects use different 
technologies from two major areas: On the one hand load 
and generation flexibilities (e.g. power-to-heat, power-to-
gas, electric storage systems, combined heat and power 
units) and on the other hand active grid assets (e.g. tap-
changing transformers or transformers overloadable by 
precooling). In the SC, the interaction of the various pilot 
projects at local, regional and supraregional level is 
investigated (e.g. with regard to the reduction of grid 
expansion measures). Figure 1 depicts the main 
interconnections and objectives of the SC and the project 
Designetz in general. To examine the contribution of a 
coordinated activation of flexibilities in an environment 
with a high share of decentralised energy resources (DER), 
the pilot projects are integrated into a simulation of a 
multi-voltage level distribution network, which represents 
low-, medium- and high voltage levels of a German 
distribution grid in the year 2035. 
The Designetz project defines future scenarios for the 
penetration of DER and flexibility options in Germany. 
These scenarios get broken down into individual units for 
further investigation. The distribution on municipality 
level is done by means of regionalisation factors 
describing the percentage of total installed capacity for 
every technology. These factors are calculated based on 
public input data, e.g. population density, agricultural 
areas or gross value added [2]. Eventually, discrete 
capacities for every flexibility option are distributed to the 
municipalities based on the regionalisation factors and 
finally to the selected grids. In order to reduce the 
computational effort, a limited set of distribution grids is 
selected to cover interesting property combinations. These 

property combinations are a) high penetration of DER and 
low penetration of flexibility options, b) low penetration of 
DER and high penetration of flexibility options and c) a 
medium proportion of DER and flexibility options. 
Accordingly, these grids serve as a model for further 
investigation. 
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Figure 1: Interdependencies of the interacting participants in 

Designetz and the overall functions of the System-Cockpit 

SYSTEM-COCKPIT’S GENERAL APPROACH  

During operation, the SC is simulating distribution grids 

with the pilot projects connected to grid nodes. The ICT 

data platform provides forecasted schedules of electricity 

generation and consumption respectively as well as the 

corresponding forecasted available flexibility potentials of 

the pilot projects to the SC. Using an online weather 

forecast the generation of renewable energies is 

determined. More precisely this is done in high resolution 

for the distribution grid area whereas the generation of 

renewables in Germany as a whole is projected with 

approximately 100 measuring locations. By determining 

the load and generation from renewable energies in 

Germany, the residual load is used as a virtual price signal 

for deriving the behaviour of additional simulated 

flexibility options. Besides the real pilot projects, these 

simulated flexibility options are electric storage systems, 

combined heat and power (CHP or cogeneration) units, 
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electric vehicles, heat pumps electric boilers and 

curtailment of photovoltaics and wind turbines. Similar to 

the pilot projects, simulated flexibilities depict their 

electricity consumption or generation, determined by their 

individual supply task, and the corresponding flexibility 

potential for further consideration in the optimisation 

process. Considering the forecasted schedules, a load flow 

analysis is carried out to determine the utilisation of lines 

and transformers as well as nodal voltages. In case of 

congestions, the influence of each flexibility is identified. 

Thus, we determine power flow sensitivities to quantify 

the effect of varying each node’s power on the loading of 

the lines and transformers affected by the congestion. 

Using these sensitivities and the available flexibility of the 

pilot projects, the SC is utilising an optimisation heuristic 

to approach an optimal usage of the available flexibility for 

mitigating the grid congestion. As a secondary 

optimisation goal, the user of the SC can select an abstract 

strategy for using the available flexibility that was 

successful in situations like the one at hand. The optimiser 

then works out a mitigation tactic for the concrete current 

situation and the concrete flexibility available. 

Depending on the technical design of each pilot project, 

SC is either reserving energy six hours ahead or calling 

energy ad-hoc (see LIVE TESTING). The pilot projects 

continuously report their current energy generation and 

consumption to the SC. The SC then visualises the 

requested energy schedule of the pilot projects to their 

actually reported energy output or input, respectively. 

Thus, the user can verify that the chosen mitigation tactic 

is being carried out by the affected pilot projects. As a 

result, the individual benefits of the pilot projects 

regarding their technical capabilities to provide flexibility 

to a coordinating entity are being examined as well as the 

interdependencies between different types of flexibility 

contributing to the system. 

EXPERIMENT SETUP 

The aim of the SC is to simulate the challenges that the 

energy system in Germany will face in 2035. Integrating 

the pilot projects into these scenarios enables their 

contribution capability to solving these challenges to be 

analysed. In order to examine the contribution of pilot 

projects for the future, a suitable depiction of future 

challenges within the energy system is crucial. Thus, the 

behaviours of DERs and their interactions need to be 

modelled precisely. However, the generation or 

consumption of the pilot projects is affecting the load flow 

and the utilisation of grid assets in the simulation. To 

consider these complex relationships, a co-simulation 

connects simulators from multiple domains, as described 

in the following paragraphs. 

Cogeneration Units 

For determining the electricity generation from CHP units, 

we use the open source software OpenVPP.CHP. A two-

fold approach considers both the need to fulfill the heat 

demand and the remaining flexibility given by thermal 

buffers of the individual units. In a first step, we assume 

that the thermal demand of the households gets satisfied 

ad-hoc by heat-led CHP units. This means that their 

buffers are largely unused and thus leaves lots of flexibility 

for congestion mitigations. 

The power of each CHP can provide in any given time step 

depends on all other time steps, because they can fill or 

empty its thermal buffer. A sampler samples a set of 

flexibility schedules from each CHP to reflect this 

temporal relation. Sampling random schedules from CHP 

models has proven difficult due to the sparseness of valid 

schedules. Instead, the sampler employs a branch-and-

bound strategy to determine valid schedules one time step 

after another. 

The sampling algorithm selects random power stages for 

the first time step and discards those which are invalid 

under the unit model’s constraints. It then extends these 

schedules of length 1 with randomly sampled power stages 

for the next time step. This process is repeated until enough 

schedules reach the length of the planning horizon. 

SIMONA 

Agent-based programming paradigm is used to model both 

decentralised energy resources and grid assets as agents. 

On the one hand, this approach allows preserving every 

grid user’s individual behaviour. On the other hand the 

modelling of domain-specific implementations is 

encapsulated by the division into agents and thus kept 

controllable. In addition, this allows to execute agents 

parallel to speed up the process. 

To identify the supply tasks and check the network status 

for possible overloads and voltage range violations, we 

utilise the multi-agent simulation environment SIMONA 

[3]. This simulation software is based on JADE, which is 

a Java-based software framework for implementing multi-

agent-systems [4]. SIMONA is a planning tool, which 

derives time-series for distribution grids by depicting 

every network user by an agent allowing the consideration 

of dependencies between the grid users and the 

environment. However for the SC we utilise it for 

determining the 

1) generation from wind turbines and photovoltaics, 

2) consumption of households and commercial loads,  

3) performing power flow calculations and 

4) sensitivity of every DER to overloaded assets and 

voltage violations. 

Every photovoltaic and wind agent holds certain static 

parameters, which are defined upon instantiation. These 

can include the connected node, installed capacity or 

specific technology parameters like module elevation or 

hub height. Receiving dynamic parameters from other 

agents, e.g. time and weather data (more precisely solar 

direct and diffuse radiation for PV agents and wind 

velocity for wind agents) these agents are calculating their 

power output for every time step of the planning horizon. 

Similarly, agents are calculating the demand for both 

households and commercial customers based on static and 
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dynamic parameters. To ensure a realistic depiction of 

various loads, in contrast to standard load profiles leading 

to high simultaneity in regard of time-series simulation, 

probabilistic modelling based on measurements is applied. 

For modelling households smart-meter measurements 

have been analysed by evaluating the probability density 

function for every quarter-hour of the day (distinguished 

by workdays, Saturdays and Sundays). Knowing its 

parameters of the probability density function for every 

quarter-hour and its annual energy consumption every 

household agent determines its power consumption based 

on probabilistic basis (for further details see [5]). 

Likewise, measured data of commercial loads were 

analysed in cooperation with a distribution system 

operator. Beforehand, these data were clustered to identify 

similar behaviours. Subsequently, quarter-hours are 

analysed to fit probability density functions. The complete 

methodology will be subject of a future publication. 

To perform a load flow analysis the active and reactive 

power of externally calculated models and the pilot 

projects is integrated via mosaik. Consequently, a load 

flow analysis is carried out to determine the utilisation of 

lines and transformers as well as nodal voltages in the 

planning horizon. If any voltage range violation or power 

flow violation occurs in the forecast, (simulated) grid 

assets are being utilised first, trying to solve the 

congestions. In case these measures are insufficient, the 

influence of each flexibility on the remaining congestion 

is identified. Thus, we depict power flow sensitivities for 

determining the effect of power injections on loading of 

lines and transformers. As presented in [6], we start with 

the standard AC Newton-Raphson power flow analysis 

between two buses 𝑗 and 𝑘, then use partial derivation of 

the real power flow 𝑃𝑗𝑘 with respect to voltage angle 𝛿𝑚 

and voltage magnitude |𝑈𝑚| for bus 𝑚 of the grid and 

express these terms by means of the Jacobian matrix 𝑱: 
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By accomplishing the inversion of the Jacobian matrix, 

power flow sensitivities can be written as 
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Here, 
𝜕𝑃𝑗𝑘

𝜕𝑃𝑖
 represents real power flow sensitivities between 

node 𝑗 and 𝑘 with regard to the real power injection 𝑃𝑖  at 

node 𝑖. In a similar way, voltage sensitivities can be 

obtained from the inverse Jacobian matrix. Although these 

sensitivities are only valid for a single operation point, the 

applicability for deviant operation points under 

assumption of linear sensitivities results in only minor 

deviations [7]. Therefore, the linearization of these 

sensitivities is utilised as an input for the optimisation 

heuristic to determine the impact of power injections at 

every node to the overloaded element. 

Schedule Flocker 

Capturing the flexibility of DERs is a challenging 

problem, because the dimensionality of the unit search 

spaces is as big as the schedule length. This means that in 

case of the SC where only 6 hours are to be planned with 

only 15 minute resolution, the search space per unit is a big 

as the available power steps to the power of 24. For a unit 

of only 3 power stages (e.g. “off”, “half-throttle” and “full 

throttle”), there are already (324 =) 282 billion possible 

schedules, each of which might be optimal one. This 

makes it impractical to generate, store and search through 

all of them looking for the optimal one in a time frame that 

is relevant to the requirements of unit scheduling. Instead, 

the SC generates a subset of these alternative schedules 

using a service. This so-called ScheduleFlocker derives a 

set of possible schedules from an abstract description of 

the unit in question. This description comprises abstract 

unit properties like the maximum power, power levels and 

a limit for the activation count per scheduling time frame. 

These properties describe the unit’s constraints which limit 

the unit search space to those schedules that can actually 

be executed without exceeding the technical or 

organizational capabilities of the unit. The 

ScheduleFlocker service also takes inputs for limiting the 

schedules to be generated to a sensible compromise 

between the recall of the flexibility capture and its 

computational requirements. 

ISAAC 

Providing energy with distributed energy units requires 

splitting today’s large power products meant for central 

large-scale power plants into smaller chunks that can be 

provided by small, decentralised units. A system which 

performs this chunking is commonly referred to as a virtual 

power plant, because it coordinates many little power 

plants to replace a single big one. Optimising the 

contributions of distributed energy resources is a 

challenging problem, because each of them contributes to 

the common energy provision. Since each unit has 

different capabilities, the optimisation algorithm should 

consider as many of them at once as possible, thus being 

able to best exploit their individual capabilities. While 

exact mathematical solvers struggle to find the optimum 

solution beyond a certain number of units to schedule, 

optimisation heuristics allow trading some precision of 

energy product fulfilment for shortened runtime. This 

makes optimisation heuristics scale up well to unit counts 

that are relevant to smart grid scenarios. 

Designetz requires using the distributed optimisation 

heuristic called ISAAC [8]. ISAAC offers a controller and 

an observer for managing optimisations in a convenient 

manner. ISAAC encapsulates the agent-based heuristic 

COHDA, which uses a small-world overlay topology [9]. 

This topology connects the agents to a ring and adds some 
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“spoke” connections which allow for short cuts and 

provide some redundancy for cases of interrupted 

communication. The amount of spoke connections can be 

easily tuned for varying requirements and enables finding 

a good compromise between overhead introduced by 

additional messages and speed up achieved by faster 

propagation of information. From the perspective of one 

agent, the overlay topology connects it to two or more 

neighbours. 

COHDA is an agent-based heuristic and thus the algorithm 

from which the intended behaviour emerges, is 

implemented at the agent level. In particular, each agent 

tries to search its unit’s schedules for the schedule which 

closes the current solution’s distance to the requested 

power schedule the furthest. The current solution is then 

updated with the new contribution of this agent and the 

solution communicated to the agent’s immediate 

neighbours. Once an intermediate solution gets 

communicated to all agents and thus contains all 

contributions, it is considered complete. This concludes 

the first phase of the algorithm, while in the second phase, 

solutions circulate the agent system and get iteratively 

improved by the same mechanism. After some iteration, 

the solution quality meets a certain predefined level and 

can be considered sufficient, which ends the second 

algorithm phase. In the third and final phase of the 

COHDA algorithm, the first sufficiently good solution is 

propagated to all agents so that they reach agreement about 

which solution to execute. Once consensus is reached, the 

algorithm terminates for this scheduling interval. 

For Designetz, ISAAC will be deployed to a central server 

with global knowledge. However, each agent only needs 

to know about the capabilities of the energy unit it 

represents. This allows for the agents to be distributed to 

the individual energy resources and keep information 

about the energy unit private to the unit operator. 

DKDB Transmitter and Receiver 

The purpose of the SC is testing real pilot projects in 

integration. The DKDB-Client serves as the interface 

between the SC and a central database that holds relevant 

data of the pilot projects. By listening for HTTP POST 

requests, he receives and parses JSON formatted data and 

consequently provides these data to the simulators of the 

SC. The communication of flexibility calls from the SC to 

the pilot projects works using the same mechanisms in the 

other direction. 

SIMULATION SETUP WITH MOSAIK 

Co-simulation decouples the work of scenario experts 

from that of domain experts. With it, domain experts can 

accurately model their social or technological systems 

without worrying about implications for other systems or 

coordination strategies. Scenario experts can take these 

domain models as well as coordination strategies and 

compose them into simulation scenarios without worrying 

about their individual implementation details. Designetz 

requires using mosaik for this purpose, which is a time-

discrete simulation middleware written in Python [10]. 

Mosaik however offers API implementations in multiple 

programming languages, among which Java. Each of the 

available API implementations offers tools to implement 

incoming and outgoing data connections via mosaik. API 

implementations also offer base classes for implementing 

so-called simulators which each manage a set of so-called 

models which are the actual domain models to be written 

by the domain experts. 

Figure 2 depicts how we use mosaik to connect the 

individual simulators. It also contrasts the tasks of the 

simulators and the simulation goal of interactively 

coordinating real and simulated flexibility on a power grid. 

Since the implementation is currently still at a prototype 

stage, additional simulators are expected to extend the SC 

functionality later. 

 
Figure 2: Simulators in the System-Cockpit 

Setting up all the simulators from their individual version 

control repositories and running them with their required 

Java or Python virtual machines is laborious and error-

prone. Therefore, an own Docker container encapsulates 

each of them, which enables managing them in a way that 

is agnostic to the programming language of the 

containerized application as well as the host operating 

system. This makes the simulation scenario of the SC a 

composition of Docker containers, which can be deployed 

automatically to workstations and servers alike. This 

deployment mechanism is also intended to be used with 

the ICT platform of Designetz. However, the configuration 

of such composed services is still being developed, which 

is why there are no deployments to the ICT platform, yet. 

LIVE TESTING 

In the live testing phase of Designetz, the pilot projects 

update their forecasted schedules and the corresponding 

available flexibility every six hours for the next three days 

with 15 min resolution. Triggered by these updates, the SC 

starts planning the optimal use of flexibility (see System-

Cockpit’s General Approach). Flexibility calls are 
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performed in three different ways. 

When using the “flexibility call according to schedule”, 

fixed average power values for every 15 minutes are being 

planned and transmitted to the pilot project. These 

flexibility calls are comparable to intraday trading at 

energy only markets. Similar to tertiary reserve capacity, 

the process of “flexibility reservation with ad-hoc 

activation” includes the reservation of capacity at the 

beginning of the planning horizon and the ad-hoc 

activation of a partial quantity. The third process does not 

consider any reservation and relies on the ad-hoc 

activation only. 

OUTLOOK 

The integration of the pilot projects into the presented 

simulation of the SC will enable the investigation of 

flexibilities in future distribution grids. Because the live 

testing is not started yet, the application of the presented 

methodology for the coordination of purely simulated 

flexibilities is presented in Figure 3. 

 
Figure 3: System-Cockpit avoiding grid congestions 

In this scenario an undersized transformer connects a 

medium voltage grid to the transmission grid. Five of the 

units in the medium voltage grid can provide flexibility. In 

the planning horizon of 24 hours, the two industrial loads 

(orange and green lines) have shifted their consumption to 

the midday, when the three wind energy collectors (cyan, 

brown and purple areas) have their largest power outputs. 

In effect, the aggregated power (blue line) stays clear of 

possible grid congestions introduced by other units (red). 

The heuristic stops as soon as it finds viable schedules, so 

the aggregated result misses the grid congestion only 

barely. This demonstrates how flexibility can be used to 

compensate overabundance of renewable energy 

resources. 

For the live testing phase, the presented methodology will 

integrate the pilot projects and more models for simulated 

flexibilities (electric storage systems, electric vehicles, 

heat pumps and electric boilers). However, this paper 

presented the applied methodology of the SC, the 

simulation setup and the communication process between 

the SC and the pilot projects. 
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