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Key Takeaways

▪ Energy Storage can extend far beyond just electrical modeling

▪ Critical to simulate real world power storage challenges

▪ Use MATLAB & Simulink to accelerate problem solving throughout the design cycle
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Growth in Grid Connected Energy Storage

The way we generate energy is changing The way we use energy is changing

Almost 100GW of energy storage projects proposed and under development across the UK
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Energy Storage is not just Batteries

Seconds Minutes Hours Days Weeks Months Years

How long do we need to store energy for?

Cost and scalability? Location and infrastructure?
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Exploring Technology Options

Evaluate Performance of Grid-Forming Battery 
Energy Storage Systems in Solar PV Plants

https://uk.mathworks.com/help/sps/ug/evaluate-performance-gfm-bess-in-solar-pv-plants.html
https://uk.mathworks.com/help/sps/ug/evaluate-performance-gfm-bess-in-solar-pv-plants.html
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Different Phases of Design

▪ System concepts, sizing and costs

▪ Detailed component & control design

▪ Modelling faults to design protection systems
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Concept Stage
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System Exploration

Water

Hydrogen

(gas)

Electricity

Water

Predict performance over a year Identify optimal location

Early design with many 

assumptions
Technoeconomic analysis
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Technoeconomic Analysis with MATLAB, Simulink & Simscape

Optimization Algorithms Parallelization & ScalingVisualization

£What about  ?
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Injecting Real World Data

Electricity price data is averaged one day of data 

from system operators.

Load Data to Root-Level Input Ports

The irradiance data is 8760 TMY3 from 

National Renewable Energy Laboratory. 

https://uk.mathworks.com/help/simulink/ug/load-data-to-root-level-input-ports-1.html
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nanoseconds microseconds milliseconds seconds minutes hours days yearsmonths

Simulation

Time

Goal of Simulation / Level of Fidelity

Detailed component modelling System level modelling

Quasi-Steady State

• Energy flow simulation

• Idealized power sources and loads

• Used for sizing & planning 

purposes (e.g. energy storage)

High Frequency Power 

Electronic Switching

• Detailed modelling of 

semiconductors and converter 

dynamics

• Optimizing waveforms and losses 

at component level

Control Response Dynamics

• Modeling mechanical balance

• Understanding fault scenarios and 

impacts on performance

• Setting tolerance requirements 

Thermal dynamics

• Transient thermal response

• Coupling thermal dependency to 

electrical performance
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Techniques for Reduced Order Modelling

Model Based
“model reduction”

Data Driven
“model fitting”

Static Model Fitting Dynamic Model Identification

Machine Learning

Proper Orthogonal Decomposition

Balanced Truncation

Structural Reduction

Modal Projection

Modal Truncation
Curve Fitting

Lookup tables

Physically Inspired

Neural Networks

Recurrent

Neural Networks

Convolutional

Neural Networks

Neural ODEs
Support Vector

Machines

Regression

Trees

Ensembles

Shallow

Neural Networks

Gaussian

Process Models

Linearization

Local Linear

Models

Output-Error

Models

Hammerstein

Wiener Models

Non-Linear

ARX

Box-Jenkins

Linear Parameter

Varying

ARMAX
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Medium

fidelity

Performance 

assessment

Techno-economic

analysis

Reduced Order 

Modeling (ROM)

Solar cell &

MPPT algorithm

ROM Implementation

Capture steady state operating point Quasi-steady lookup table model

Low

fidelity
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Clean Instancing for Model Setup

simIn = Simulink.SimulationInput(gcs);

simIn = simIn.setModelParameter(StopTime = "pi");

set_param(gcs,StopTime = "pi");

simOut = parsim(simIn);

StopTime = "24*3600*365"

To change this via script:

Create Simulink.SimulationInput objects to make 

changes to model for multiple or individual simulations

https://uk.mathworks.com/help/simulink/slref/simulink.simulationinput.html
https://uk.mathworks.com/help/simulink/slref/simulink.simulationinput.html
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Detailed Design
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Peak Shaving

Time

Power Discharging

Charging
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Peak Shaving

Peak Shaving with Battery Energy Storage System -

MATLAB & Simulink - MathWorks United Kingdom

How do we model this detailed 

battery performance?

https://uk.mathworks.com/help/simscape-battery/ug/peak-shaving-bess.html
https://uk.mathworks.com/help/simscape-battery/ug/peak-shaving-bess.html
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Cell Parameters

Fit from Data

Pre-parametrized parts

Characterize Battery Cell for Electric Vehicles

https://uk.mathworks.com/help/releases/R2023b/simscape-battery/ug/battery-cell-characterization-for-ev.html
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Scripted Battery
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Battery Pack Model Fidelity 

More to Model Resolution

▪ Lumped resolution

– One electrothermal element

▪ Grouped resolution

– Any number of arbitrarily

grouped elements

▪ Detailed resolution

– Every cell modeled individually

Equivalent

Thermal Model

Pack

Visualization

https://www.mathworks.com/help/simscape-battery/ref/simscape.battery.builder.module.html?searchHighlight=Module&s_tid=srchtitle_Module_1


23

Thermal Connections

batteryModule = simscape.battery.builder.Module(...
ParallelAssembly = pAssembly,...
NumSeriesAssemblies = 3,...
ModelResolution = "Detailed");
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Thermal Connections

batteryModule = simscape.battery.builder.Module(...
ParallelAssembly = pAssembly,...
NumSeriesAssemblies = 3,...
ModelResolution = "Detailed",...
InterCellThermalPath = "on",...
InterCellRadiativeThermalPath = "on");
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Thermal Connections

Ambient

batteryModule = simscape.battery.builder.Module(...
ParallelAssembly = pAssembly,...
NumSeriesAssemblies = 3,...
ModelResolution = "Detailed",...
InterCellThermalPath = "on",...
InterCellRadiativeThermalPath = "on",...
AmbientThermalPath = ...         
"CellBasedThermalResistance");
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Thermal Connections

CoolantAmbient

batteryModule = simscape.battery.builder.Module(...
ParallelAssembly = pAssembly,...
NumSeriesAssemblies = 3,...
ModelResolution = "Detailed",...
InterCellThermalPath = "on",...
InterCellRadiativeThermalPath = "on",...
AmbientThermalPath = ...
 "CellBasedThermalResistance",...
 CoolantThermalPath = ...
 "CellBasedThermalResistance");
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Thermal Connections

Ambient

Cooling Plate

batteryModule = simscape.battery.builder.Module(...
ParallelAssembly = pAssembly,...
NumSeriesAssemblies = 3,...
ModelResolution = "Detailed",...
InterCellThermalPath = "on",...
InterCellRadiativeThermalPath = "on",...
AmbientThermalPath = ...
 "CellBasedThermalResistance",...
CoolantThermalPath =...
 "CellBasedThermalResistance",...
CoolingPlate = "Bottom",...
CoolingPlateBlockPath = ...
"batt_lib/Thermal/Parallel Channels");
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▪ Adjust granularity of plate

▪ Connect to pack of

any resolution 

Cooling Plate Connection

Connect Cooling Plate to Battery Blocks

https://www.mathworks.com/help/simscape-battery/ug/coonect-cooling-plate-to-battery-module-parallel-assembly.html
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Control Algorithms & Deployment

Hardware-in-

the-Loop (HIL)

Processor-in-

the-Loop (PIL)

Convert to

C Code

Convert to

C Code

Battery Management Systems In Simscape Battery

https://uk.mathworks.com/help/simscape-battery/bms-block-libraries.html
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Customization

Customization and flexibility are at the core of MATLAB & Simulink

Custom cell

Customize physical models with Simscape language

Simscape Customization

Python Importer

https://www.mathworks.com/help/releases/R2023b/simscape/customization.html
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Fault Robustness
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Faults & System Protection
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Battery Cell Fault Modeling

✓ Definition of time or condition 

dependent faults.

✓ Support modeling of thermal 

runaway events.

Additional 

Resistance Fault

Internal 

Short Fault

Exothermic 

Reaction Fault

Inject Faults in Battery Models

https://www.mathworks.com/help/releases/R2023b/simscape-battery/ug/add-faults-to-battery-models.html
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Unified Fault Framework
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Design Logic

Fault Logic

Model faults without 

modifying the design

Manage faults across 

multiple domains

Perform systematic safety 

analysis using simulation

Simulate, explore and 

analyze fault effects

Simulink 

Fault 

Analyzer

https://www.mathworks.com/help/releases/R2023b/fault-analyzer/index.html
https://www.mathworks.com/help/releases/R2023b/fault-analyzer/index.html
https://www.mathworks.com/help/releases/R2023b/fault-analyzer/index.html
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Conclusions

▪ Energy Storage can extend far beyond just electrical modelling

▪ Critical to simulate real world power storage challenges

▪ Use MATLAB & Simulink to accelerate your design and problem solving 

throughout the design cycle
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Learn More with MathWorks Onramps

and Instructor-Led Training

Training – Courses in MATLAB, 

Simulink, Stateflow and Simscape

Self-Paced Online Courses - Physical Modeling

https://uk.mathworks.com/learn/training.html
https://uk.mathworks.com/learn/training.html
https://matlabacademy.mathworks.com/#physical-modeling
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