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Objectives of Case-Study
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Which questions / problems will be addressed

 Case study 3 will focus on the Pan-European 

electricity sector in 2040 or 2050 
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 The objective of this case study is 

to assess the plan4res tool’s ability 

to capture :

 The cost of RES integration

 The Value of different flexibility services

 The impacts of climate change
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Which costs are modelled?
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 Electricity generation cost (fixed and variable costs for an optimal 

generation mix)

Example of impact of RES integration on 
generation cost

Source : EDF 60%RES
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Which costs are modelled?
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Cost to ensure the dynamic robustness of the system

 There must be enough inertia in the system to avoid a high frequency drop
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Which costs are modelled?
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 Transmission expansion cost modelled with transmission clusters 
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simplify



Which costs are modelled?
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Distribution network reinforcement cost modelled with 
simplified distribution samples
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Prod RESDemand

Reinforcement cost
curve :
Cost= f(Capacity_RES)

Rural 
sample

Semi 
urban
sample

Urban
sample

Battery

Transmission grid



The value of flexibility services?

 Storages (batteries, hydro generation, power2gas …)

 Demand response

 Electricity Generation assets
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The Impacts of climate change
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Modelling and Data
Main challenges
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Modelling/outputs
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Investment

Transmission Grid Expansion Model
(stochastic expansion planning)

European Unit Commitment Model
(Aggregated Modelling of Transmission grid

Electricity + MultiEnergy assets contributing to electricity grid flexibility services)

Clustering Transmission 
Grid

Transmission Grid
Operation Model

Schedules

Gas Network 
Model

Energy Mix / new 

clustered grid

Scenario Valuation

E-Mobility

Submodel

Distribution 

constraints 

costs

(samples)

Capacity Investment Model
(stochastic investment planning with transport)

Energy Cell
generation

Energy target

Multimodal Investment Model
(along pathway considering sector coupling)

Heat 

Submodel

Aggregated Grid

Aggregated Grid

Electricity 
Distribution

Sampling 
Model

Outputs: 
optimal electricity mix 
(generation & storage) , 
transmission and 
distribution reinforcements
(simplified) 

Outputs: 
Generation, storage, DR 
Schedules
Variable costs
Marginal costs
Generation revenues



European electricity Data

 Macro scenario ‘see ‘common data’  wi l l  provide main data

 Annual  demand TWh target  :  inc lud ing some uses  t rans fe r red f rom foss i l  fue l s  to  e lect r ic i ty :

 H e at ing/coo l ing
 No n t he rmo se ns i t i ve  use s  ( i nc lud ing  e le ct r ic  v e h ic les )

 Capaci ty  ta rget  :  h igh  capaci ty  leve l  o f  generat ion  w i th  no  CO2 emiss ions  (nuc lear ,  renewable energy  

sources,  hydro  generat ion)

 T ransmiss ion  data  w i th  h igh  reso lu t ion  (count r ies  d iv ided in to  several  reg ions)

 Dis t r ibu t ion  cos t  curve  samples  and geograph ical  mapping 
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Climatic Data

 ECEM project  (European Cl imatic Energy Mixes) wi l l  provide temperature,  wind and PV load 
factors,  hydro inf lows => used to generate demand, RES and hydro generat ion scenari i .

 Dif f icul t ies :  Data Consistency
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http://climate.copernicus.eu/
ecem-european-climatic-
energy-mixes

http:///
http://climate.copernicus.eu/ecem-european-climatic-energy-mixes


Modus operandi
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Case Study protocol

 The results will be obtained by comparing several scenarii :

 For assessing the cost of RES integration:

High share of RES (optimistic scenario)

Low share of RES (sensitivity analysis, for example 0%, 25%, 50%, 75%)

 For assessing value of flexibility:

No flexibil ity in the init ial scenario

Addition of f lexibil i t ies individually, and collectively among different 

kinds of storages and demand response

 For assessing the impact of climate change:

Simulation with present climate variables (temperature, hydro and RES 

inflows)

Simulation with future (2040/2050) climate variables (temperature, hydro 

and RES inflows)
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Case study outputs

 Impact of RES integration on the European system cost broken -down by categories: 

total, generation (investment and operational), transmission, distr ibution

 Value of f lexibi l i ty : system cost reduction obtained by adding storages and 

demand response

 Impact of climate change : system cost impact due to climate change
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Total system 
costs

RES :  % of DemandX% ?

RES curtailment, 
backup powerplants

Decreasing variable 
costs

Total cost including
flexibility

Dependent on RES 
investment costs
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Thank you!
Do you have any questions?
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