DEGESRK

Optimal allocation of energy storage in the
GB grid for renewable curtailment reduction
through open-source software development

Dr. Sobhan Naderian
Dr. Marko Aunedi

Brunel

Universityof London

CIGRE-UK Knowledge Sharing Event
Imperial College London
14% Oct 2025




Contents

* Objectives
* Open-source modelling
* GB grid implementation in PyPSA

* Short-term and long-term
optimization

* Scenarios for storage optimal
allocation

e Conclusion
e Future work

DEG

ESR




Key objectives

Explore how placing energy storage in the network
could enable better integration of renewables in the
short- to medium-term

Improve geographical resolution of available
optimisation models to adequately address the
locational benefits of energy storage

Implement optimisation model in an open-source
framework



Why Python? Open source

Wide availability of libraries

Research community increasingly
adopting Python / open-source

Can be linked with machine learning
libraries



Available Python libraries \

) r
for power system analysis | —

PyPSA pandapower PYPOWER
* PyPSA Purpose Power system simulation Power flow and grid Power flow and
® Pa n d a powe r P and optimization analysis optimal power flow
Power Flow Analysis Yes Yes Yes
* PYPOWE R Optimal Power Flow
Yes Yes Yes
(OPF)
. Multi-Period Ves No No
PyPSA is used Optimization
extensively in Europe by AC/DC Network Ve — —
researchers and Support
regul_ato rs (ACER / FNA) Large Scale Analysis Yes No No
Renewable Energy . .
Modeling Yes Limited Limited
ORI EEED e Very limited Limited N/A

examples




Dlver options - {

Optimal Power Flow

“"solver”: "simplex”,

in PyPSA - CSV Files ek

time limit": 6066

“parallel™: "on",

* Model takes inputs in the form of \ "mip_gap": ©.e1
CSV files for various aspects of
the power system (generators,

gotimize(solver g

demand, lines, etc.) ~ |
* Forrunning the optimal power
flow, the main CSV files are N nu mu mu IEB
d, d, d, d, a,
snapshots.csv and ! |
gen eratorS.CSV buses.c[i generators.csv lines.csv loads.csv loads-p_set.csv
« Optimal power flow is executed LB
by the optimize function in
PyPSA

* Possibility to use different solver
packages
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* This system is adopted from the data from
Edinburgh University, available here:

https://www.maths.ed.ac.uk/OptEnergy/Ne
tworkData/reducedGB/

* It has 29 buses, 66 generators, and 99
transmission lines

* Originally implemented in MatPower, and
we transferred it to PyPSA

* Also added interconnectors and HVDC
“bootstraps” (hot shown in map)


https://www.maths.ed.ac.uk/OptEnergy/NetworkData/reducedGB/
https://www.maths.ed.ac.uk/OptEnergy/NetworkData/reducedGB/

* System details (lines, buses, links, and
conventional generators) haven’t
changed compared to the Edinburgh
model

* The demand for a winter day in 2020 has
been calculated based on Elexon raw

data
* Renewable and conventional generation
Approach for 2020 details are adopted from DUKES
and 2040 « Gurobi optimizer has been used for the
OPF

* Model outputs include generation and
storage dispatch, line utilisation, RES
curtailment and total operation cost

* Weather data has been adopted from
Renewables.ninja



renewable.ninja
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Generation output
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Energy Storage operation
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Technology Curtailment (MWh)

Battery Storage 71,995

Pumped Storage 121,886
C;):r\]/:rr;t:;nnal 666,746 TOta l
Wind Offshore 15,622 C u rta i lm e nt

Wind Onshore 52,727



* System details (lines, buses, links, and
conventional generators) haven’t
changed compared to the Edinburgh
model but all the planned
interconnectors are added till 2040

* Simplified modelling of interconnectors
using export/import prices

Approachfor 2040

* Electricity demand for a week in
December (12-18 Dec) used as input

* Renewable and conventional generation

details are adopted from a dataset
published in FES 2024

* We consider energy storage installation
(batteries) in Scotland



INFO:gurobipy:
Solved in 1529 iterations and ©.68 seconds (©.32 work units)
INFO:gurobipy:Solved in 1529 iterations and ©.68 seconds (©.32 work units)
Optimal objective 4.977565185e+07

GB 29 Bus Reduced Network with Interconnectors 2040 INFO: gurobipy:Optimal objective 4.977565185e+07

INFO:1linopy.constants: Optimization successful:

Norway

Status: ok

Termination condition: optimal
Solution: 44627 primals, 110086 duals
Objective: 4.98e+07

Solver model: available

Solver message: 2

Denmark
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Germany

1500

1000

Ireland2

500

-500

-1000

-1500



Generation output

Generation share of each technology
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Energy Storage operation
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Conclusion

* Open-source PyPSA-based model

adopted and adapted for the GB
transmission grid (steep learning curve)
—to be used in future projects

Reviewed input data sources (FES,
online databases) - some input data
Issues still to be sorted

Validated and ran case studies for the
GB system for illustrative scenarios

Energy storage helps with RES
integration and carbon reduction, but
effect can be limited by transmission
constraints — significant reinforcement
required

Working on adapting the model for
investment optimisation



Ongoing/future work

* Extend simulation of GB-29 network
for whole year

* Implement FES scenarios such as
Holistic transition, incl. different
scenarios for storage placement

* Co-optimise location-specific
storage investment (including both
“standard” and heuristic
optimisation methods) and
transmission expansion

* Consider different storage duration
(short-term vs. long-term)

* Assess the impact of battery
degradation on investment decisions




