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Climate-energy
policies

(CO2 reduction)

Fightagainst
global warming

Needprospective studies:
long-term energymodels

I. ContextςProblematics(1/2)

ÁLarge scaleintegrationof renewableenergyproduction (solar/wind)

ÁEnergypotentialisunevenlylocated

Potentialeffect : congestion
ü Investmentsneeded

(reinforcements)

Climate-energypolicies
VREsintegration
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Á Electricalgrid must obeyone fundamentallaw: 

ÅProduction = Consumptionall the time

Á Short-term management (an hour):

ÅEqualizesdemandand supplyfacingaccidents and local infrastructure

Á Long-term planing(4 to 10 years):

ÅLocatesfuture bottlenecksat Europeanlevel

Objective :Optimal interactions between different time-steps :
ÅOur focus

ü Insure investments in long-term will help short-term management

Short-term
24 hours optimization

Long-term
Investments decisons

Congestion

Reinforcement in the grid

I. ContextςProblematics(2/2)
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ÁEngineering models:
Å Short-term management (ex: DIgSILENT)

Å Long-term planning: (ex: ANTARES (RTE) - Monte-Carlo or ELMOD - social welfare)

Á Long-term energy models:
Å Few implement a power sector module

Å Ex: PRIMES (34 nodes, DC load flow, grid investments with NTC)
TIMES   (35 nodes, DC load flow, grid investments with NTC)

Å POLES has been improved with EUCAD (24 nodes, transport model)

II. State of the art modeling

POLES* (developpedsince1990)

ÅUsed by European Union, Enerdata
ÅGlobal (57 countries/regions)
ÅUp to 2100
ÅMany different energies 

(electricity, gas, oil, etc)
ÅBottom-up (45 explicit technologies)

*Prospective Outlook Long-term EnergySystems
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III. EUTGRID, a new transmission capacity planning module

POLES
YEAR
N-1

POLES
YEAR
N+1

State of the power system

EUTGRID inputs

Å Demandevolution
Å Costsevolution
Å Technicalevolution
Å EUTGRID outputs

Investments
decisions

POLES
YEAR N

Demand
OperationCosts

InstalledCapacities
Interconnections capacities
Dispatchable consumptions

EUTGRID

Congestion : Decisonstakenevery3 years
ςrollingwindow (Gridinvestmentmechanism)

Hourlyproduction
Hourlystorage
Hourlyimports/exports
Production curtailment
Unservedload
Interconnections 
(reinforcement/ new) 

Á EUTGRID : EUropeanTransmission GRidInvestment and Dispatch

Ҧ optimizestotal operating costsof the system takinginto accountconstraints

1. Increasesspatial division (more nodesper country)

2. Implementingloadflow(Gridcharacteristics)

3. Gridinvestmentmechanismbasedon nodal prices
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IV. LƳǇŀŎǘǎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ±w9ǎΩ ǎƘŀǊŜ ŦƻǊ ǘƘŜ 9¦ ǇƻǿŜǊ ǎŜŎǘƻǊ

ÁScenarios description: 2 main climateenergypoliciesare tested
ü Scenario «Ref» : referencescenario with a business-as-usualpolicy

ü Scenario «Clim» : climatepolicyof type 2°C is implemented

Á VRES installed capacities (European level): + 200 GW for solar and wind
ƛƴŎǊŜŀǎŜ ōŜǘǿŜŜƴ άwŜŦέ ŀƴŘ άClimέ
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IV. LƳǇŀŎǘǎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ±w9ǎΩ ǎƘŀǊŜ ŦƻǊ ǘƘŜ 9¦ ǇƻǿŜǊ ǎŜŎǘƻǊ

ÁEuropeantransmission grid requirements(EUTGRID): 
Ådeterminedboth in spaceand time (Europe)

ÅCompetition between HVAC and HVDC

Additional transmission grid requirements for three 
different periods ςscenario "Clim"
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2010 - 2030 2030 - 2050 2050 - 2100
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2010 - 2030 2030 - 2050 2050 - 2100

[5%-18%] [18%-28%] [28%-44%]

HVAC added [GW] 202 70 136

HVDC added [GW] 42 88 116

Line length added [000km] 61 37 64

Grid added [TWkm] 97 83 123

180 145 227

ҒфōϷκȅŜŀǊҒтΦоōϷκȅŜŀǊҒпΦрōϷκȅŜŀǊ

2010 - 2030 2030 - 2050 2050 - 2100

[5%-28%] [28%-36%] [36%-47%]

HVAC added [GW] 202 83 165

HVDC added [GW] 42 109 184

Line length added [000km] 61 47 101

Grid added [TWkm] 97 117 240

180 192 399

ҒфōϷκȅŜŀǊҒфΦсōϷκȅŜŀǊҒуōϷκȅŜŀǊ

Total grid investment [b$]
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IV. LƳǇŀŎǘǎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ±w9ǎΩ ǎƘŀǊŜ ŦƻǊ ǘƘŜ 9¦ ǇƻǿŜǊ ǎŜŎǘƻǊ

ÁEuropeantransmission grid requirements(EUTGRID): 
ÅLarge increasein investmentsfor « Clim» scenario

ÅMore installation of HVDC

Total transmission grid needs with associated VREs 
share

Transmission grid requirements
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IV. LƳǇŀŎǘǎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ±w9ǎΩ ǎƘŀǊŜ ŦƻǊ ǘƘŜ 9¦ ǇƻǿŜǊ ǎŜŎǘƻǊ

ÁAssessingthe role of transmission grid and the use of flexibility options:  
ÅAddanothersub-scenario : Transmission grid investmentsare frozenafter 2030

Total transmission grid needs with associated VREs 
share

Investmentsare frozen
after 2030

Mean variable system costs

High congestion 
+

non-distributed energy
(NDE)
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IV. LƳǇŀŎǘǎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ±w9ǎΩ ǎƘŀǊŜ ŦƻǊ ǘƘŜ 9¦ ǇƻǿŜǊ ǎŜŎǘƻǊ

ÁAssessingthe role of transmission grid and the use of flexibility options:  
ÅTransmission gridplaysa crucial role for securityof supply: 

üAvoided costs outweigh transmission grid investments

Cumulative investmentscosts(VREs& Transmission grid) and cumulativedNDE costs

Scenario «Ref» Scenario «Clim»
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IV. LƳǇŀŎǘǎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ±w9ǎΩ ǎƘŀǊŜ ŦƻǊ ǘƘŜ 9¦ ǇƻǿŜǊ ǎŜŎǘƻǊ

ÁAssessingthe role of transmission grid and the use of flexibility options:  
ÅUsage of flexibility options increasesbut isnot sufficient

VREscurtailment[TWh]
Energyproduction from storage

[TWh]
Energyshiftedusingdemand

response[TWh]

ÁTransmission grid reducesVREscurtailmentand use of storagetechnologies.
ÁDemandresponsegrowsslightly(DR potential isconsideredto be5% of peakloadin EUTGRID)
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IV. LƳǇŀŎǘǎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ±w9ǎΩ ǎƘŀǊŜ ŦƻǊ ǘƘŜ 9¦ ǇƻǿŜǊ ǎŜŎǘƻǊ

ÁAssessingthe role of transmission grid and the use of flexibility options:  
ÅWith grid limitations, strategychanges within eachcountry

Scenario «Clim» Scenario «Clim-Frozen»

Mutualization:
Relyon 

importation or 
exportations 

Increase
storageand 

back-up 
capacities

Lowertotal 
production 

(limited
exportations)
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