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•	
•	
•	

Den Slogan der diesjährigen Hannovermesse fanden wir
sehr treffend. Umso  passender, dass wir in Halle 002, 
dem „Future Hub“ vertreten waren.
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  Motivation

  Method

  Case study

The expansion of renewable energies can only succeed with an 
advancing flexibilization of the energy system.

Evaluating flexibility economically means analyzing the marke‑
ting options in the short‑term electricity markets, such as the day‑ 
ahead and balancing power market.

We simultaneously optimize the participation of a distributed ener‑
gy system in the balancing power (aFRR) and day‑ahead market 
using MILP and a two‑stage algorithm:

Stage 1: Optimize the model without balancing power requests. 
When selling on the balancing power market, the respective unit 
is blocked for this purpose in the energy system.

Stage 2: Fix the unit commitment from stage 1 and apply histori‑
cal balancing power calls on the energy system to calculate a 
realistic operating mode.

► Energy price bids and power requests for the balancing power 
market are derived from historical data (see figures on the right 
side).

The participation of an ideal typical utility infrastructure (iUI) of a 
chemical site in the balancing power (BP) and Day‑ahead (DA) 
market was optimized.

MILP with 8760 time steps was solved using a rolling horizon ap‑
proach with 24 h time slices.

Result: 
We have developed a user‑friendly, deterministic method for 
the multi‑market participation that simplifies the complexity on 
the market side to quickly evaluate flexibility of a distributed 
energy system.

How much flexibility does my distributed energy system offer?  
How much profit can it generate in the short-term electricity market?

Germany‘s Short Term Electricity Market Design

Layout of the energy system in the software TOP‑Energy: A gas turbine with heat recovery steam 
generator, two gas‑fired steam generators, and a power‑to‑heat unit can produce steam, which 
is expanded to 31 bar and 6 bar by a turbine system to cover the heat demands. 

Electricity Generation of the Gas Turbine

Historical Data of the Balancing  
   Power Market

Generating Balancing Power Request Time Series

Deriving Optimal Energy Price Bid for the Unit

Theoretical Profit for Different  
Marginal Costs

Only Day‑Ahead Market Day‑ahead and balancing power market

Economic results
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