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A B S T R A C T

pymfm is an open-source Python framework for microgrid flexibility management. It is used for developing and
testing management strategies according to the rule-based and optimization-based algorithms. This framework
allows to control flexible assets in form of battery energy storage and photovoltaic units within microgrids and
in both (near) real-time and scheduling operation modes. Additionally, pymfm provides simulation routines
for microgrids and can be used by researchers, system operators, aggregators, microgrid owners, renewable
energy communities, etc. An example is also provided and serves as an illustration of how the framework can
be used to test custom energy management strategies.

Code metadata

Current code version v0.5.5
Permanent link to code/repository used for this code version https://github.com/SoftwareImpacts/SIMPAC-2023-437
Code Ocean compute capsule https://codeocean.com/capsule/0245765/tree/v1
Legal Code License Apache2.0
Code versioning system used git
Software code languages, tools, and services used Python 3
Compilation requirements, operating environments & dependencies pymfm can be used independently of the hardware. The Python site-package

requirements are pandas, matplotlib, scipy, pyomo, astral, xlsxwriter, and pydantic.
Additionally, a mathematical programming solver compatible with the pyomo
optimization modeling library is required.

If available Link to developer documentation/manual https://pymfm.fein-aachen.org
Support email for questions post_acs@eonerc.rwth-aachen.de

1. Introduction

A Microgrid (MG) is a distinct electrical entity comprising inter-
connected loads and Distributed Energy Resources (DER)s. It operates
as a controllable unit within the grid, capable of connecting or dis-
connecting as needed to function in both grid-connected and islanded
modes [1]. What sets MGs apart from mere DER-interconnected lines
is their resource control, presenting them as coordinated entities to
the upstream network. Moreover, MGs can operate independently,
enhancing reliability and resilience in the event of upstream network
faults [2]. In this context, pymfm serves as an open-source Python
framework for development and testing of management concepts for
MGs. It enables MG operators to manage flexibility resources in both
grid-connected and islanded modes while increasing self-sufficiency of
the MGs and minimizing power exchanges with the upstream networks.

The code (and data) in this article has been certified as Reproducible by Code Ocean: (https://codeocean.com/). More information on the Reproducibility
adge Initiative is available at https://www.elsevier.com/physical-sciences-and-engineering/computer-science/journals.
∗ Corresponding author.
E-mail address: amir.ahmadifar@eonerc.rwth-aachen.de (A. Ahmadifar).

Pymfm offers a range of decision algorithms, each tailored for
specific UCs and adaptable to MG scenarios with various flexibilities.
The library incorporates simulation routines that execute different algo-
rithms depending on the chosen management concept. By running these
simulation routines, users can observe how a particular management
concept behaves in a user-defined scenario. For example, they can
model scenarios involving community and household battery storage
systems with specific parameters and predefined control conditions,
providing insights into Near-Real-Time (NRT) or Scheduling (SCH)
operation modes. The existing simulation routines also serve as valu-
able references for creating new management concepts. Users have
the flexibility to modify these routines by incorporating their own
custom algorithms into the existing algorithms. Additionally, pymfm’s
scenario-generation routines, which generate different UC scenarios
https://doi.org/10.1016/j.simpa.2023.100603
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with respective boundary conditions, contribute to the operational
research in the MG energy management domain.

2. Software architecture and functionalities

pymfm can be found on the Python Package Index (PyPI) reposi-
tory [3] and is distributed under the Apache license. It is constructed
using underlying site packages such as numpy [4] and scipy [5].
Pymfm’s optimization problem is formulated using the pyomo modeling
language [6], for which a diverse range of solvers, including Gurobi [7]
and SCIP [8,9], can be utilized to solve the respective optimization
problem. The architecture of pymfm comprises two Python packages:
scenario_forecast_kit and control which are described below:

control package comprises Python implementations of Rule-Based
(RB) and Optimization-Based (OptB) algorithms. These functions accept
standard Python data types such as integers, floats, and dictionaries as
inputs and generate outputs in the same standard Python data types.
Additionally, the parameters related to decision-making are handled
by the data handling components under utils. The simulation routines
are implemented through the mode_logic_handler.py that links the data
handling components to the algorithms. Each simulation routine aligns

ith a specific logical sequence of decisions and actions. Specifically,
ode_logic_handler.py collects various parameters from the BatterySpecs
bjects, including initial State of Charge (SoC) and target Final SoC
FSoC), the number and types of flexibilities (which may encompass
ommunity battery energy storage cbes and household battery energy
torage hbes), and, based on the selected OperationMode, invokes the rel-
vant ControlLogic to compute the power setpoints for the flexibilities.
n the case of near_real_time operation mode, the rule_based control algo-
ithm is executed on MeasurementsRequest class which holds the near
eal time measurement and requested powers input data of the MG.
owever, in scheduling mode, both rule_based and optimization_based
ontrol algorithms can be employed on GenerationAndLoad class which
olds the forecast input data of the MG. These executions result in the
eneration of a specific output DataFrame that includes information
uch as flexibility setpoint(s), corresponding SoCs, net power exchange
ithin the MG after the application of control actions, etc. It is note-
orthy that the rule_based control logic has limited capability and

an handle only a single cbes unit while the optimization_based control
lgorithm has more features and can handle multiple flexibility units
ncluding the optional Phtovoltaic (PV) curtailment, upper and lower
oundaries for net power delivery, bulk delivery/reception of energy
rom flexibilities, etc.

In addition to the control package, scenario_forecast_kit package pro-
ides scenario and forecast generation routines. The forecast_generation
unctions process the forecast input data to produce forecasts accord-
ng to the Standard Load Profile (SLP) [10] and the corresponding
ser defined SLP-scaling parameters, PV forecast, and the user-defined
umber of households within an MG. Additionally, relevant Python
unctions of scenario_generation receive parameters such as battery spec-
fications including initial SoC and target FSoC and storage types, bulk
elivery/reception of energy, upper and lower bound profiles for the
ower delivery of MG. These parameters along with other UC-related
nput parameters and forecast profiles are processed to produce specific
cenarios. These scenarios basically define the boundary conditions
ecessary for implementing different UCs, i.e., different control logics
nd operation modes with different sources of flexibility.

Individuals with a basic grasp of Python can easily apply the pro-
ided simulation routines to evaluate management concepts within
heir specific scenarios. To do this, users should input their scenarios
n JSON format into the simulator and set the boundary conditions
or their desired UCs. In such instances, users can modify the existing
imulation routines to assess customized operational processes. For
nstance, the upper and lower boundaries used by scenario_forecast_kit
ackage, which set the power boundaries for optimization_based control

or any other higher system level power flow manager. This enables
exploring the impact of setting specific boundaries on the power de-
livery of the MGs and the corresponding coordination among multiple
MGs via such boundaries. Additionally, the current version of pymfm
offers adaptable references allowing it to integrate and run external
tools using Application Programming Interface (API)s and in form of
co-simulation.

3. Impact

Pymfm addresses the evolving operational landscape within MGs
with new technologies, services, and participants [12]. It provides
a comprehensive package, including scenario generation tools and a
range of functions and algorithms for MG management. Users can
tailor decision processes through flexible simulations, and existing
routines offer references for potential enhancements, aiding opera-
tional research. Accessible as an open-source library, pymfm caters to
researchers, engineers, and policymakers with basic Python skills. It
streamlines MG energy management research, contributing to society’s
decarbonization goals.

pymfm has been used as a testing environment for comparing
storage coordination algorithms in recent publications [13,14]. Fur-
thermore, it has been successfully applied in some projects for MG
flexibility management. For instance, in the Horizon Europe research
and innovation project Platone [15] and within the German demonstra-
tor, pymfm has been used to develop an energy management system
in charge of balancing out the generation and consumption within a
rural Renewable Energy Community (REC). As described through edu-
cational videos series and promoted via the Linux Foundation Energy
(LFE) Project SOGNO [16], pymfm (the previous versions and some-
times referred to as ‘‘balancing’’ service) has been deployed in Docker
containers and interfaced with external systems via well-established
APIs [17,18]. Additionally and in the ongoing second and the upcoming
third phases of the Kopernikus project Ensure [19], pymfm is used to
develop local energy management systems for REC MGs at low voltage
grid side of a field trial with high penetration of PVs.

With respect to future developments, the authors aim to fully dock-
erize the current pymfm version, incorporating an open-source solver
for its optimization problem. Real-field tests are planned during the
third phase of the Ensure project, along with deploying pymfm at the
premises of the relevant MG operator. Another future plan involves
integrating pymfm with the datafev Python framework for managing
electric vehicle charging infrastructures [20] with the aim to optimize
day-ahead and intra-day MG management, considering electric vehicles
and their charging infrastructures. All these future developments and
tests adhere to grid codes and ensure pymfm’s reusability across diverse
MG flexible assets. It is noteworthy that the results and incremental de-
velopments will be publicly accessible through the SOGNO project [21]
and disseminated by LFE, aligning with the authors’ commitment to an
open-source approach for advancing energy transition in the digitalized
energy sector.

4. Illustrative example

pymfm offers the capability to execute various scenarios across
three primary UCs of UC1 (NRT operation mode with RB control logic),
UC2 (SCH operation mode with RB control logic), and UC3 (SCH oper-
ation mode with OptB control logic). Both UC1 and UC2 are designed
to operate with a single cbes unit. UC1 can additionally be associated
with an NRT request for power delivery or reception, serving as a
power boundary constraint for the MG. On the other hand, UC3 shows
more flexibility and can manage either a single cbes unit or multiple
storage units including hbes ones. Additionally, it can ensure achieving
a target FSoC for cbes, facilitate bulk energy transactions with flexible
storage units, curtail PV generation output, and finally maintain the
lgorithm, can originate from other simulators like pandapower [11] MGs net power exchange within predetermined upper and lower limits.
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Listing 1: Initialization and execution of the scheduling_optimization_based UC scenario.
# Get the current directory of the script

fpath = os.path.dirname(os.path.abspath(__file__))

# Construct the file path for the input JSON file
filepath = os.path.join(fpath, " inputs/scheduling_optimization_based.json " )

# Open and load the JSON data from the file
data = open_json(filepath)

# Create an InputData object from the loaded data
input_data = InputData(**data)

# Execute the control logic handler to process the input data
mode_logic , output_df , status = mode_logic_handler(input_data)

Table 1
Pymfm example UCs (x and o indicate respectively mandatory and optional entries).
UC Operation mode Control logic Battery energy storage Bulk PV curtail Power bound

NRT SCH RB OptB cbes FSoC cbes&hbes

1 x – x – x – – – – o
2 – x x – x – – – – –
3 – x – x o o o o o o

Fig. 1. Simulation results visualization.

herefore, from the sets of UCs shown in Table 1, the example script
ocated at src/pymfm/examples/control/scheduling_optimization_based.py
as been chosen to demonstrate the capabilities of the optimization-
ased control logic with the most extensive set of features that can be
pplied on the input parameters and profiles found in src/pymfm/exam-
les/control/inputs/scheduling_optimization_based.json.

The illustrative code shown in Listing 1 demonstrates how to ini-
ialize and execute this example. First, the process of parsing JSON
nput data to create the necessary InputData object is initiated. Once

the initialization is done, the model_logic_handler prepares the fore-
cast, power boundary, and battery specification data and executes the
OptB.scheduling control algorithm for this specific UC scenario. After
completing the simulation and to analyze the simulated UC scenario,
the code provided in Listing 2 is executed to export the simulation
results to the corresponding JSON file and visualize them as different
plots.

Fig. 1(a) shows how the optimum scheduling of the flexible storage
units and their total (dis)charging powers can minimize the net power
exchange of the MG before and after the control action according to
3
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Listing 2: Exporting results and post-processing of the scheduling_optimization_based UC scenario.
# Prepare and save control output data as JSON files
data_output.prepare_json(mode_logic , output_df , output_directory= " outputs/ " )

# Visualize and save control output data as SVG plots
data_output.visualize_and_save_plots(

mode_logic , output_df , output_directory= " outputs/ "
)

the total storage flexibility power setpoint (summation of dis/charging
power setpoints). As depicted in Fig. 1(b), the power exchange after
the control action is within the upper and lower power boundaries. The
positive and negative power exchanges refer to respectively import and
export of power while the zero power exchange highlights the islanding
mode of the MG set by the zero upper and lower boundaries in the input
JSON file. Finally, Fig. 1(c) shows the variations in SoCs of flexible
storage units in accordance to their setpoints. It can be observed that
the cbes unit (bat_1) reaches its predefined target FSoC by the end of the
UC while the hbes units (bat_2 and bat_3) reach their maximum SoCs
by the predefined end of the day at 18 o’clock.
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