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The European Energy Transition

2050 EU’s carbon reduction targets  High share of Renewable Energy

Criteria for the European Energy 

System in 2050:

Sustainability 

Security of supply

Competitiveness 

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

Carbon intensity (gCO2eq/kWh)

Source: Decarbonization Project Team; 
http://www.electricitymap.org/

At least 27% RES-E 40% Reduction in 
GHG emission

27% increase in 
energy efficiency

http://www.electricitymap.org/


Scheduling of electricity: supply-demand balance

Increasing variable 
costs €/MWh

« compulsory » 
generation

Peak

Mid merit

Baseload



From long to very short term
Generation mix

Outage duration
Plant failures

Level of fuel stocks

Temperature Solar radiation

Natural inflows to reservoirs

Economical growth

Short-term
1 hour – 1 day

Long-term
10-50 years

Medium-term
1-5 years

Wind power

System flexibilities S = D

Demand-side uncertainties

Supply-side uncertainties

Uses

CO2, Fuel prices

New interconnections

Technologies

Regulations

Regulations

Technologies

Demography

Economical growth

Energy prices



The management process

Stochastic     Deterministic

Simplified modelling Detailled modelling

Thermal outages scheduling

Market hedging

Weekly

Several yearsNuclear outages

scheduling

Water  strategies

Market hedging

Fuel  coal purchases

Yearly

Dispatch plan

Daily

Dispatch plan update

Generation

Intraday

Assets

Long termInvestissement 

decisions



A highly interconnected system

Significant and increasing interconnections

Demands and RES generations (partially) correlated  at 
European level



With and increasing level of uncertainties

Source: eHighway2050

Source: C3S Energy/ECEM demonstrator



An increased Need for flexibility

Uncertainties
+ Security of 

supply

Need for 
More 

flexibility

Detailed
Modelling of complex
and big size problems

Need for enhanced
solving methods

Need for Integrated simulation 
models:
• Detailed (as much as possible) 

representation of all flexible assets
and network

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

Tool

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 773897

The plan4res project



This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 773897

The plan4res project

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



Integrated modelling of the electricity system

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

 Investment layer: Determine
investment decisions

 Scenario valuation: Evalute
investment
decisions/operational 
planning

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



Capacity Expansion

Design the optimal generation, transmission and 

distribution mix for a given long-term horizon (eg. 2050)

𝜿: Investment decisions (generation assets, transmission)
𝜰: Set of uncertainty scenarios
𝑪𝒊𝒏𝒗: Costs induced by installing capacitiy 𝜅
𝑪𝒐𝒑: Expected operational costs with given capacity 𝜅

min
𝜅
𝐶𝑖𝑛𝑣 𝜅 +max

𝜂𝜖Υ
𝐶𝑜𝑝(𝜅, 𝜂)



Seasonal Storage Valuation
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Compute strategies for managing seasonal storage on a 

mid-term horizon (eg 1 year)

𝑪
𝒐𝒑
(𝜿): Operational costs depending on investment decisions 𝜅

𝑪𝒔 : Operational costs on sub-period 𝑠
𝓜: Feasible set associated with operation decisions
𝑺: Set of sub-periods (e.g. weeks)
𝒙: Operation decisions on sub-period 𝑠
𝜿: Investment decisions taken by capacity expansion model

𝐶𝑜𝑝 𝜅 = min
𝑥𝜖ℳ
𝔼  

𝑠𝜖𝑆

𝐶𝑠(𝑥𝑠)



Unit Commitment

Compute dispatch for all assets on a short-term horizon 

(eg. 1 week)

𝑪𝒊
𝒐𝒑
: Operational costs of unit 𝑖 subject to it‘s operational variables

𝒑𝒕,𝒊, 𝒑𝒕,𝒊
𝒑𝒓
, 𝒑𝒕,𝒊
𝒔𝒄, 𝒑𝒕,𝒊
𝒉𝒆: Provision of power, primary/secondary reserve, 

heat by unit 𝑖 in timestep 𝑡 and dynamic constraints
𝜶: Approximation of the value of seasonal storages

𝝊
𝒉𝒚
: Storage level

min 

𝑖

𝐶𝑖
𝑜𝑝
(𝑝:,𝑖 , 𝑝:,𝑖

𝑝𝑟
, 𝑝:,𝑖
𝑠𝑐 , 𝑝:,𝑖
ℎ𝑒) + 𝛼(𝜐ℎ𝑦)



Submodels
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Power plants
Operational decision of power plants

based on their specific fuel costs

 Technical constraints (ramping, min 

up-/downtimes,…) 

Storages
 Hydro storages including complex

cascaded systems

 Battery storages

 Intermittent generation
Generation of wind, solar, run of river

based on meteorological profi les

E-mobility
 Storage capability of electric vehicles

(vehicle-to-grid, power-to-vehicle)

 Limitation of storage availabil ity by

driving profi les

Load management
 Load shifting of a given energy

consumption during a sub-period

 Load curtailment based on a given

potential (e.g. during one year)



Detailed modelling
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Detailed equations are 

available on:

https://zenodo.org/record/3904272#.YD3yFmhKjIU

https://zenodo.org/record/3904272#.YD3yFmhKjIU


Modelling with SMS++

 SMS++ is a set of C++ classes 
implementing a modelling system 

that:

 allows exploiting specialised solvers

 manages all types of dynamic 

changes in the model 

 Explicitely handles 

reformulation/restriction/relaxation

 does parallel from the start

 should be able to deal with almost 

anything (bilevel, PDE,..)

 Includes specialized blocks for 

energy system modelling



Modelling with SMS++

SMS++ is

available on

https://git lab.com/smspp

Listen for a ful l  SMS++ 

presentation at ‘ESR Days’, 

Thursday 11’30, by Antonio 

Frangioni

https://gitlab.com/smspp


Modelling with SMS++

Nested decompositions at different time horizons

Source: A. Frangioni, Uni Pisa



The Seasonal Storage Valuation and Unit Commitment in SMS++



Examples of Results
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Perspectives3
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Use Cases

 What Impact do different levels of RES 

integration have on system costs?
 Electr icity generation cost 

 Cost to ensure the dynamic robustness of 

the system (Reserves, Inertia)

 What is the value of flexibility? 
(system cost reduction coming from 

using flexibility potentials of different 

system assets)
 RES can be represented as non-flexible,

i .e. all  generation is ‘fatal’ or we can 

account for their abil i ty to be curtailed 

or can contribute to ancil lary services 

 Flexibi l i t ies from storages and additional 

storages can be represented 

 Different demand response flexibi l i t ies can 

be modelled



Use Cases

 Assesment of the feasibility and cost of a long-term scenario

openENTRANCE scenarios 2025-2050

file:///C:/Users/F04340/Downloads/
openENTRANCE-D3.13.pdf

C:/Users/F04340/Downloads/openENTRANCE-D3.13.pdf


Use Cases

 Case Studies in openENTRANCE

 See more : www.openentrance.eu

http://www.openentrance.eu/


Further potential uses

 Short-term generation management (including detailed hydro)

 Other energy related problems 



Thanks
www.plan4res.eu

sandrine.charousset@edf.fr


