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Implement models and tools that provide

an integrated energy system representation able to optimize 
and simulate expansion and operation with a high share of  

Renewable Energy

For contributing to European targets for reduction of emissions while maintaining 
high quality of supply at lowest cost

plan4res: Synergistic approach of Multi-Energy Models 
for a European Optimal Energy System Management 

Tool



Results in brief

An end-to-end planning and 
operation tool, composed of a set of 

optimization models based on an
integrated modelling of the pan-

European Energy System;

An IT platform for providing seamless 
access to data and high performance 

computing resources, catering for 
flexible models (easily replacing 

submodels and the corresponding 
efficient solution algorithms) and 

workflows;

A database of public data 3 case studies highlighting the tool’s 
adequacy and relevance.



An end-to-end planning and 
operation tool, composed of a 
set of optimization models based 
on an integrated modell ing of 
the pan-European Energy System

▪Investment layer: Determine
investment decisions

▪Scenario valuation: Evaluate
investment
decisions/operational 
planning

▪Analysis/additional tools: 
Impact of scenario on 
electricity & gas grid

An integrated Modelling



An open modelling library

❑An open-source library, aimed at
allowing easy implementation of
(in particular) energy models

▪Especially designed for large
structured problems (exploits 
decomposition)

▪Allows exploiting specialised solvers
(MILP, decomposition, SDDP, …)

▪Already includes ‘Blocks’ for the full 
modell ing of electricity system at 
(nearly) all time horizons 

https://gitlab.com/smspp/smspp

https://gitlab.com/smspp/smspp


An open-source environment

❑ Allowing use on various compute environments (windows, l inux, mac,….)

❑ And on a wide range of hardware, from laptops to supercomputers (inclouding
clouds)

A Containerized Compute Environment

▪ Same executable runs everywhere

▪No dependency issues

▪Automaticaly built and updated via a
GitLab

▪https://gitlab.com/cerl/plan4res/p4r-env

https://gitlab.com/cerl/plan4res/p4r-env


Solving Algorithms

❑ SCIP Optimization Suite 7.0.2 and 

Parallel presolving library PaPILO v1.0.0  

released for solving large-scale MIP 

problems (and integrated to SMS++)

❑ StOpt, an open-source stochastic 

optimization library for large seasonal 

storage problems, integrated to SMS++

❑ Decomposition algorithms: State-of-

the-art Bundle-type methods for 

(parallel) decomposition approaches 

(NDOSolver/FiOracle) (within SMS++)



Energy models implemented in the project

❑ Investment models:

▪MultiModal Investment Model (MIM)=> evaluate optimal transit ion pathways

▪ Transmission grid planning expansion model => optimal decisions for 
network/storage, under uncertainty

▪ Electricity system Capacity Expansion model (ongoing) =>’optimal’ 
generation/storage mix for a future year with uncertainties

❑ « Valuation » models

▪Disaggregated Multi Energy Model (DMEM) => detai led analysis of electricity
market and grid operation on high spatial  resolution

▪Gas Network Optimization Model (GNO, spatio-temporal ly al igned to electric grid
=> feasibi l ity analysis for future gas demand and supply

▪ Seasonal Storage Valuation => Bel lman values of energy réservoirs

▪ European Unit Commitment Model => Optimal generation schedules of assets 
connected to the electricity grid, hourly over 1 yr



A database of public data

▪ Scenarios for meteorology dependent data, based on C3S Energy 
data and methods :
➢Electricity demand,

➢ Inflows, 

➢Wind Power profiles

➢PV Power Profiles

▪Case Studies datasets:
➢Spatial electric and heat load profiles and renewable feed -in for CS1 

simulations

➢Spatial distributions of electric energy mix and heating / cooling mix 
today

➢Gas Supply and Demand: Forecasts and Historical Data

➢Electricity System dataset based on eHighway and C3S Energy for CS3

➢Electricity System dataset based on openENTRANCE (TechnoFriendly
2030) and C3S Energy for CS



The plan4EU model linked to openENTRANCE

Scenario ExplorerI/O Formatting
Visualisation



▪Sector coupling: which energy mix 
for achieving COP 21? 
➢with perfect foresight, considering sector 

coupling of electr ici ty, heat & cold, 

traffic, fuel/gas; and coupling to gas grids

▪Strategic development of the 
pan-European transmission 
network 
➢without perfect foresight and considering 

long-term uncertainties 

▪Assessing Feasibility of Scenarios, 
cost of RES integration and value 
of flexibilities for the European 
electricity system
➢ Wi thout per fect fores i ght :  
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3 Case Studies to highlight the tool’s adequacy and 
relevance



12

Case Study 1: 
Multi-modal pan-European energy concepts 
for achieving CO2 emission reduction goals 
with perfect foresight, considering 
sector coupling of electricity, heating and cooling, 
mobility, and fuels / gas, and coupling to gas grids

❑ Demonstrated a coupled modeling of the integrated pan-European energy system decarbonization trajectory 
considering potentials and constraints from coupling electric grid and gas network via power-to-gas. 

❑ 6 scenarios have been modeled which consider sector coupling of electricity, heating / cooling, mobility and 
fuel & gas and evaluated with focus on impacts from innovative technologies eMobility, power-to-heat and 
power-to-gas, battery storage.

❑ One scenario was refined for (electricity) dispatch and redispatch operation with high spatial resolution 
including market clearing with cross-border electricity exchange and constraints from transmission grid

❑ Successful proof-of-concept for gas network modelling; feasibility analysis of the pan-European cross-border 
energy exchange in terms of integrated electricity and gas transport considering pan-European gas import 
forecasts to Europe and demand and generation (power-to-gas) w/ high spatial resolution

Presentation on Day 1 Session 4 by Dieter Most et al. (Siemens), Modeling the transition of the multimodal 
pan-European energy system including an integrated analysis of the electricity and gas transport
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Case Study 2: 
Strategic Development of Pan- European Network 
without Perfect Foresight and Considering Long-
Term uncertainties

❑ Demonstrated Transmission Grid Expansion Model:
• For the European Electricity System ( 33 countries), 2020 to 2060, with high shares of

renewables

• Focus: identify the role of Energy Storage in facilitating the transition to a high-renewables

system, at the minimum cost.

• Key challenge :deployment of renewables occurs under uncertainty and energy storage costs

also incorporate uncertainty as well.

❑ Energy Storage has been shown to hold significant Option Value.

Presentation on Day 1 Session 3 by Stefan Borozan et al. (Imperial College London), Strategic development of 
the Pan-European power network considering long-term uncertainties
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Case Study 3: 
Assessing Feasibility of Scenarios, cost of 
Renewable integration and value of 
flexibilities for the European electricity 
system

❑ The models are able to evaluate the feasibility of a given long-term energy mix 
scenario, and to assess the costs of this scenario from the point of view of the 
electricity system. 

❑ With these models it is possible to run flexibility assessment studies, in order to 
evaluate the value of a given kind of flexibility. 

❑ The models were able to capture the cost and value of hosting more Variable 
renewable Generation Systems in the electricity mix. 

Presentation on Day 3 Session 9 by Antonio Frangioni and Sandrine Charousset (University  of Pisa, EDF), 
plan4res SMS++, an open modelling library for evaluating long-term electricity system costs and flexibilities



sandrine.charousset@edf.fr

Main results are available:

❑Reports and data:
▪ https://zenodo.org/communities/plan4res

❑Solvers:

▪ SCIP: https://www.scipopt.org/

▪ StOpt: https://gitlab.com/stochastic-control/StOpt

▪ NDOSolver/FiOracle: https://gitlab.com/frangio68/ndosolver_fioracle_project

❑Modelling Library:

▪ SMS++: https://gitlab.com/smspp/smspp-project

❑Environment: 

▪ Container: https://gitlab.com/cerl/plan4res/p4r-env

▪ CI/CD platform: https://gitlab.com/cerl/plan4res/p4r-exec-singularity

www.plan4res.eu
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