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|. Context Problematic$1/2)

PARIS2015

UN CLIMATE CHANGE CONFERENCE

COP21-CMP11

[}

Needprospectivestudies:
longterm energymodels

Largescaleintegrationof renewableenergyproduction golarwind)

A
A Energypotentialisunevenlyiocated




|. Contextc Problematic$2/2)

A Electricalgrid must obeyone fundamentallaw:

A Production =Consumptionall the time
A Shortterm management(anhour):

A Equalizeslemandandsupplyfacingaccidents and local infrastructure
A Longterm planing(4 to 10years:

A Locateduture bottlenecksat Europearevel

U Insure investments in longerm will help shortterm management
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ll. State of the art modeling
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Time_step N e -— __‘_'—— ‘._-PRI]{}'"E.;"X .................. : G - 5 - w > >
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1day - e ___L'_._, ,.1. E(New POLES) I A Up to 2100
- eEDSg . A Many different energies
ELMEOZSM’XSW'TCH POLES +EUTGRI (electricity, gas, oiktc)
Lhour |~ =AT-7 2\ d EUTGRID A Bottom-up (45 explicit technologies)
1second EL;TGRID gry s ' 1

> Time horizon Technology 1
1 hour lday 1lyear 50years

*Prospective Outlook Lontgrm EnergySystems

A Engineering models:
A Shortterm management (eXDIgSILENT
A Longterm planning: (ex: ANTARES (RT)nte-Carlo or ELMOBsocial welfare)

A Longterm energy models:
A Few implement a power sector module

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

A POLES has been improved with EUCAD (24nedes transpariimodel) 5



. EUTG R,|D1ew transmission capacity planning module

A EUTGRIDEUropearTransmissiorGRidinvestment andDispatch
[Hoptimizestotal operatingcostsof the systentakinginto accountconstraints
1. Increasespatial division (mor@odesper country)
2. Implementingloadflow (Gridcharacteristic
3. Gridinvestmentmechanisnbasedon nodalprices

State of the power system A Demandevolution
POLES A Costsevolution Investments
YEAR N A Technicakvolution decisions
A EUTGRID outputs

EUTGRID inputs

Demand

OperationCosts
InstalledCapacities
Interconnectiongapacities
Dispatchableonsumptions

Hourlyproduction
Hourlystorage
Hourlyimports/exports
Productioncurtailment
Unservedoad
Interconnections
[(reinforcement/ new) ]
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Congestion Decisondakenevery3 years
¢ rollingwindow (Gridinvestmentmechanism
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A Scenarios descriptior2 mainclimateenergypoliciesare tested
U Scenario «Ref» : referencescenariowith a businesssusualpolicy
U Scenario «Clim» : climatepolicyof type ZCisimplemented

A VRES installed capacities (European level200 GW for solar and wind
AYONBI &S o0SiglBsSYy dGwSTé¢ YR @
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A Europeantransmissiongrid requirements(EUTGRID):
A determinedboth in spaceand time (Europe)
A Competition between HVAC and HVDC

Additional transmission grid requirements for three
different periodsg scenario Clint'

2010-2030 . 2030- 2050 | 2050- 2100

Capacity
0,14
5,00
10,00
15,00
18,61

Connection Type
W HYAC_GW
HYDC_GW
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A Europeantransmissiongrid requirements(EUTGRID):

A Largeincreasen investmentsfor « Clim» scenario
A More installation of HYDC

2F AYONBI aAy3

Grid architecture [TWkm]
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Total transmission grid needs with associated VRE
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"Ref" scenario 2010 - 2030 2030 - 2050 2050 - 21009
Production VRES [%)] [5%-18%] | [18%-28%)] [28%-44%)
5 HVAC added [GW] 202 70 136
S HVDC added [GW] 42 88 116
@ | Line length added [000km] 61 37 64
= Grid added [TWkm] 97 83 123
S i 180 145 227
©
= Towlgridinvestment[b§ o\ " & & 1omI5 PrkndSpl ON
"Clim" scenario 2010 - 2030 2030 - 2050 2050 - 2100
_ Production VRES [%] [5%-28%] | [28%-36%)] [36%-47%]
5 HVAC added [GW] 202 83 165
S HVDC added [GW] 42 109 184
2 | Line length added [000km] 61 47 101
= Grid added [TWkm)] 97 117 240
S . 180 192 399
©
= Total grid investment [b$ F o b Kk & $IONI0 K ¢ & b i
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Transmission grid requirements
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A Assessinghe role of transmissiongrid and the use oflexibility options:
A Addanothersubscenario: Transmissiogrid investmentsare frozenafter 2030

—Ref —Clim —Ref ---Ref-Frozen —Clim ---Clim - Frozen
950 400 . .
( High congestion /
= 850 320 + ."
. . —
= — 300 non-distributed energy /
£ 750 Investmentsare frozen 2250 | (NDE) )
o S
5 after 2030 > 200 /
G 650 n /
% é 150 ",'
E 550 28% 100 > - -
& 450 s 50 BAI 4
18% — —
0
350(1% 0% 10% 20% 30% 40% 50%
2000 2020 2040 2060 2080 2100 Share of VREs [%]

Total transmission grid needs with associated VRE _
Mean variable system costs
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A Assessinghe role of transmissiongrid and the use oflexibility options:
A Transmissiomrid playsa cruciarole for securityof supply:
U Avoided costs outweigh transmission grid investments

B Cum. Grid invest. mmCum. VREs invest. ---Cum. Avoided costs B Cum. Grid invest. mmCum. VREs invest. ---Cum. avoided costs
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A Assessinghe role of transmissiongrid and the use oflexibility options:
A Usage oflexibility optionsincreasedut is not sufficient

VREsurtailment[TWh] E”ergypmd‘ﬁwr?]fmm storage
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Energyshifted usingdemand

Q

responsg TWh]
—Clim =--Clim - Frozen —Clim ==-Clim - Frozen —Clim ==-Clim - Frozen
600 600 600
500 500 500
= 400 = 400 <= 400
= = =
= = =
- 300 - 300 = 300
0 2o o0
[«3) [«5] [+1])
5 200 5 200 S 200
100 _,—" 100 100
0 S 0 0
0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50%
Share of VRES [%] Share of VRES [%] Share of VRES [%)]

A Transmissiomgrid reducesVREsurtailmentand use obtoragetechnologies.

A Demandresponsegrowsslightly(DRpotential is consideredo be 5% ofpeakloadin EUTGRID)
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A Assessinghe role of transmissiongrid and the use oflexibility options:
A With grid limitations, strategychangeswithin eachcountry

Scenario «Clim»
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