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Motivation
Flexibility modelling with AMIRIS

Transformation to renewable-dominated energy system

 Rising shares of fluctuating renewable energies

 Merit-order effect: falling market values of RES

 Refinancing uncertain

More flexibility options are installed

 New flexibility technologies emerge

 Increasing competition: falling margins

 Refinancing uncertain

Aim

− Understand market effects of renewables and flexibilities

− Consider actors’ behaviour, uncertainty and market distortions caused by regulatory framework

− Study policy instruments to incite system-friendly investment and operational decisions



AMIRIS: Overview



Agent-based model for power markets

Models business-oriented dispatch decisions

under different regulatory framework conditions

Focus on renewable energy sources and flexibility options

Developed open source without copyleft
https://wonderl.ink/@amiris
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Simulates trading of supply and demand

Considers uncertainty and market distortions

Resolution: hourly (temporal) – market zones (spatial)

Runs yearly simulations on laptops in less than a minute
https://wonderl.ink/@amiris

https://wonderl.ink/@amiris


AMIRIS
Input & Output

Input

▪ Power plant park

▪ Efficiencies

▪ Outages

▪ Feed-in potential

▪ Demand

▪ Fuel prices

▪ CO2 prices

Output

▪ Electricity prices

▪ Power plant dispatch

▪ Market values

▪ CO2 emissions

▪ System costs

▪ Costs for support 

instruments
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Modelling Flexibility
The Flexibility Device

Reservoir
• Storage capacity in MWh

Converter
• (Dis-) charging power in MW
• (Dis-) charging efficiency

Transitions
• Initial → target energy content
• Internal energy delta → external electric 

energy delta
• Self discharge
• Inflows / outflows

Modelling Capabilities
• Pumped hydro (+inflow)
• Hydro reservoir
• Battery storage



Modelling Flexibility
Flexible Heat Pumps

Reservoir
• Upper and lower temperature bounds

Converter
• Heating power
• Temperature-dependent efficiency

Transitions
• Outflows: Building’s temperature loss
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Modelling Flexibility
Flexible EV Charging - Bidirectional

Reservoir
• Upper and lower battery availability

Converter
• Connection-dependent charging & 

discharging power

Transitions
• Outflows: Energy use of driving



Modelling Flexibility
Load shifting

Reservoir
• Maximum time out of balance 

(shift time)

Converter
• Variable cost for load shifting

Transitions
• No self-discharge / flows
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Modelling Competing Flexibility
The Task

→ Use electricity price forecast

When to charge or to discharge…

→ Optimise dispatch with dynamic programming
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Modelling Competing Flexibility
Dynamic Programming

Discretise storage content
• e.g. 10 MWh steps

Assign final value
• e.g. zero, or water value

Evaluate transitions
• Pick optimisation target
• Backwards in time
• Assess all allowed 

transitions
• Choose best transition

Plan dispatch
• Begin at current state
• Follow best transitions

Bidding strategy
• Consider expected value
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Modelling Competing Flexibility
Price impacts

Static price assumption
• Is wrong

Prices depend on dispatch

→ Merit order forecast
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Modelling Competing Flexibility
Forecast: Inflexible Units

Inflexible units
• Provide their bid forecasts

Forecaster
• Derives merit order
• Sends effective prices @ dispatched MWh

Flexibilities
• Consider price changes in their dispatch 

optimisation

But how consider competition?



Modelling Competing Flexibility
Forecast: Flexibility Units

Flexibilities
• Provide their historic dispatch



Modelling Competing Flexibility
Forecast: Flexibility Units

Flexibilities
• Provide their historic dispatch

Forecaster
• Compares each unit’s dispatch with 

total dispatch



Modelling Competing Flexibility
Forecast: Flexibility Units

Flexibilities
• Provide their historic dispatch

Forecaster
• Compares each unit’s dispatch with 

total dispatch
• Derives an average “dispatch 
multiplier” 



Modelling Competing Flexibility
Forecast: Flexibility Units

Flexibilities
• Provide their historic dispatch

Forecaster
• Compares each unit’s dispatch with 

total dispatch
• Derives an average “dispatch 
multiplier” 

• Sends effective prices @ dispatched 
MWh

Flexibilities
• Consider price changes in their 

dispatch optimisation using the 
multiplier



Hands-on: Model Setup



AMIRIS: based on FAME
The open Framework for distributed Agent-based Modelling of Energy systems

FAME-Core: https://joss.theoj.org/papers/10.21105/joss.05087
FAME-Io: https://joss.theoj.org/papers/10.21105/joss.04958
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Setup
Requirements

• Java JDK 11 or greater

• Obtain from, e.g., https://adoptium.net/

• Python 3.10 or greater

• Obtain from, e.g., https://github.com/conda-forge/miniforge#mambaforge

https://adoptium.net/
https://github.com/conda-forge/miniforge#mambaforge


Setup
AMIRIS-Py

• Create folder (base)> mkdir amiris; cd amiris

• Create environment (base)> uv venv --python 3.11

• Install amirispy (base)> uv pip install amirispy

• Activate environment (base)> .venv/Scripts/activate

• Download AMIRIS (amiris)> amiris download



Setup
Files

AMIRIS executable

configuration files

examples/

three demonstration scenarios

examples/demo/Simple/

Important file: Defines what happens in the simulation



Required argument

• -s Scenario file
(amiris) PS C:\amiris> amiris run –s .\examples\demo\Simple\scenario.yaml –o Simple

Console output
2026-03-27 13:47:21:: Simulation completed after executing 291 ticks in 0.16 seconds.

13:47:21 — PRINT — Successfully executed AMIRIS. See your results in ‘Simple'

Setup
Run AMIRIS

output in here

Use tab-completion for scenario

(amiris) PS C:\amiris> amiris run
usage: amiris run [-h] --scenario SCENARIO [--jar JAR] [--output OUTPUT]

[--output-options OUTPUT_OPTIONS] [--no-checks]

output folder



Setup
Results

Result binary:  input, output, metadata

metada.json: fields described by Open Energy Ontology
https://openenergyplatform.org/ontology/

https://openenergyplatform.org/ontology/


Parameterisation
Scenario: Main config file to bundle all simulation properties

Open: examples/backtest/Germany2018/scenario.yaml

Schema

simulation start/end time, random seed

scenario.yaml

GeneralProperties

Agents

Contracts

definition of valid agent and contract structures

how and when agents interact

names used by multiple agents, e.g. fuelsStringSets

which agents have what parameters

Content of scenario.yaml distributed across separate files, for 

schema, agents, and contracts and joined with !include, 

see https://gitlab.com/fame-framework/fame-io#split-and-join-

multiple-yaml-files

Metadata describe the scenario

Agents: !include ["agents/*.yaml", "Agents"]

Join contents in section “Agents” of each file ending with “.yaml” in folder “agents” and assign to field Agents.

https://gitlab.com/fame-framework/fame-io#split-and-join-multiple-yaml-files
https://gitlab.com/fame-framework/fame-io#split-and-join-multiple-yaml-files


Simulation 1: Single Storage



Single Storage
Germany 2018

(amiris) PS C:\amiris> amiris run -s .\examples\backtest\Germany2018\scenario.yaml
-o 2018

Console output
2026-04-23 14:05:21:: Simulation completed after executing 184,027 ticks
in 14.56 seconds.
14:05:27 — PRINT — Successfully executed AMIRIS. See your results in ‘2018'

Open: 2018/ GenericFlexibilityTrader.csv

Agent
Id TimeStep ReceivedMoney

InEUR
StoredEnergy

InMWH
VariableCosts

InEUR DispatchMultiplier OfferedEnergy
InMWH

AwardedEnergy
InMWH

7 01.01.2018 00:00 0 40 0 1 854.4 -854.4

7 01.01.2018 01:00 0 40 0 1 0 0

Profit: 79.5 M€ Dispatched energy: 7.3 TWh Average Price: 46.22 €/MWh



Single Storage
Germany 2018

./examples/backtest/Germany2018/agents/Storage.yaml

change assessment function to
MAX_PROFIT



Single Storage
Profit Maximisation

(amiris) PS C:\amiris> amiris run -s .\examples\backtest\Germany2018\scenario.yaml
-o MaxProfit

Console output
2026-04-23 14:25:21:: Simulation completed after executing 184,027 ticks
in 13.74 seconds.
14:25:27 — PRINT — Successfully executed AMIRIS. See your results in ‘MaxProfit'

Open: MaxProfit/GenericFlexibilityTrader.csv

Profit: 112.6 M€ Dispatched energy: 4.8 TWh Average Price: 46.30 €/MWh

Open: MaxProfit/DayAheadMarketSingleZone.csv

MAX_PROFIT MIN_SYSTEM_COST

Collusion Competition

Higher system cost Less profit

Less dispatch More dispatch



Simulation 2: Competing Storage Units



Competing Storage Units
Germany 2019

./examples/backtest/Germany2019/agents/Storage.yaml

18 pumped-hydro storage units, differing by
• Efficiency
• Converter power
• Reservoir size

Details

Schimeczek et al. (2026). 10.1016/j.est.2025.120054

https://doi.org/10.1016/j.est.2025.120054


Competing Storage Units
Germany 2019

(amiris) PS C:\amiris> amiris run -s .\examples\backtest\Germany2019\scenario.yaml
-o 2019

Console output
2026-04-23 17:37:07:: Simulation completed after executing 184,027 ticks
in 39.16 seconds.
17:37:14 — PRINT — Successfully executed AMIRIS. See your results in ‘2019'

Open: 2019/GenericFlexibilityTrader.csv



Competing Storage Units
Dispatch Multipliers

 

  

  

  

  

  

  

  

 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
  
 
 
  
 
  

 
  
  
   
 

               

Agent 700
Small converter
→ High multiplier

Small reservoir
→ Even higher multiplier

Agent 717
Even smaller converter
but huge reservoir
→ Significantly lower multiplier

 

 

  

  

  

  

  

  

  

  

 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
  
 
 
  
 
  

 
  
  
   
 

               



Competing Storage Units
Storage Performance

Energy Share
• Depends on converter power, 

reservoir size and round-trip 
efficiency

Profit per MWh
• Higher margins for units with 

high round-trip efficiency

                             
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 

 

 

 

 

  

  

  

  

  

  

                                                      

 
 
 
 
  
  
  
  
  
  
  
  
  
 
 

        



Simulation 3: Cross-sector Competition



Cross-sector Competition
./examples/demo/SectorCoupling/agents/Storage.yaml

• 1 large pumped-hydro storage unit
• 1 small heat pump
• 1 small EV unidirectional
• 1 small bidirectional
• 1 small load shifting



Cross-sector Competition
(amiris) PS C:\amiris> amiris run -s .\examples\demo\SectorCoupling\scenario.yaml

-o SectorCoupling

Console output
2026-04-23 14:59:20:: Simulation completed after executing 184,027 ticks
in 20.82 seconds.
14:59:25 — PRINT — Successfully executed AMIRIS. See your results in ‘SectorCoupling'

Open: SectorCoupling/GenericFlexibilityTrader.csv



Cross-sector Competition
Evaluation
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→ many cycles
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Cross-sector Competition
Evaluation
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Cross-sector Competition
Evaluation
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Cross-sector Competition
Evaluation
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Final Remarks



AMIRIS: Model Coupling
Support tools

Benefits
• Easy setup
• Couple with virtually any model 
• Allows interactive coupling

Examples
• Load shifting optimisation
• Market clearing model
• Heat pump operation
• Neural Network Decision Modules



AMIRIS
Following FAIR4RS Principles

WebsiteDOIWikipedia

Wikipedia

COMSESHECIOEPopenmod
GitLabPyPIZenodo APIWorkflow tools

Workflow tools

CSVYAMLOEMetadata

OEMetadata

Apache 2.0REUSEWikiJavadocWin/Mac/Linux

Win/Mac/Linux

Scalable (H)PC

Scalable (H)PC

Findable

• Website

• DOI

• Wikipedia

• COMSES

• HECI

• OEP

• openmod

Accessible

• GitLab

• PyPI

• Zenodo

Interoperable

• API

• Workflow tools

• CSV

• YAML

• OEMetadata

(Re-)usable

• Apache 2.0

• REUSE

• Wiki

• Javadoc

• Win/Mac/Linux

• Scalable (H)PC

Users

• 35 confirmed external user

• 15 external contributions

PhD (candidates)

• 8 internal

• 7 external

Visibility

• 34k views on Wikipedia

• 28k views on openmod

Software

• 51 releases

• 49k downloads

Key Indicators

https://helmholtz.software/software/amiris
https://doi.org/10.21105/joss.05041
https://en.wikipedia.org/wiki/Open_energy_system_models#AMIRIS
https://en.wikipedia.org/wiki/Open_energy_system_models#AMIRIS
https://www.comses.net/codebases/d9d22548-2b45-48ad-a9a5-ea39581c9d28/releases/1.1.0/
https://www.helmholtz.de/forschung/forschungsbereiche/energie/energie-system-2050/heci/amiris/
https://openenergy-platform.org/factsheets/models/77/
https://wiki.openmod-initiative.org/wiki/AMIRIS
https://gitlab.com/dlr-ve/esy/amiris/amiris
https://pypi.org/project/amirispy/
https://zenodo.org/communities/amiris
https://gitlab.com/dlr-ve/esy/amiris/amiris/-/wikis/Classes/UrlModelService
https://www.doi.org/10.5281/zenodo.8283336
https://www.doi.org/10.5281/zenodo.8283336
https://en.wikipedia.org/wiki/Comma-separated_values
https://en.wikipedia.org/wiki/YAML
https://github.com/OpenEnergyPlatform/oemetadata
https://github.com/OpenEnergyPlatform/oemetadata
https://gitlab.com/dlr-ve/esy/amiris/amiris/-/blob/main/LICENSES/Apache-2.0.txt?ref_type=heads
https://api.reuse.software/info/gitlab.com/dlr-ve/esy/amiris/amiris/
https://gitlab.com/dlr-ve/esy/amiris/amiris/-/wikis/Classes/Classes
https://dlr-ve.gitlab.io/esy/amiris/amiris/
https://gitlab.com/fame-framework/wiki/-/wikis/GetStarted/Getting-started
https://gitlab.com/fame-framework/wiki/-/wikis/GetStarted/Getting-started
https://gitlab.com/fame-framework/wiki/-/wikis/GetStarted/parallel/RunParallel
https://gitlab.com/fame-framework/wiki/-/wikis/GetStarted/parallel/RunParallel


AMIRIS
Activity & Community Support

Post any question about AMIRIS at the openMod Forum.

Send us an email.

Discuss AMIRIS issues at our Open Forum, ever  Frida  10 o’clock C T.

Raise issues and feel free to contribute.

C
o
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m

it
s 1.0 2.0 3.0

1.1 1.2 1.3 2.1 2.2 3.1 3.2 3.3 3.4 3.5 3.6 4.0 4.1

https://forum.openmod.org/tag/amiris
mailto:amiris@dlr.de
https://meet.jit.si/AMIRISOpenForum
https://gitlab.com/dlr-ve/esy/amiris/amiris/-/blob/main/CONTRIBUTING.md


Disclaimer 

The sole responsibility for the content of this publication lies with the authors. It does not necessarily 
reflect the opinion of the European Union. Neither one of the funding partners nor the European 
Commission is responsible for any use that may be made of the information contained therein. 
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