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Obijectives

1) Propose and evaluate

considering a total installed capacity of (horizon 2040)
I HVAC
i. HVDC
2) Identify the or the

I Base assumptions: Transmission grid configuration (PDIRT-E) 2022-2031

RNT as a result of the connection of the
wind off-shore plants for the different solutions.



Data Assumptions - Transmission Network Model

* Provided by REN: based on the most recent public data available by 2023 - PDIRT 2022-31
predicted investments (base and complementary projects) as well as further investments
identified by REN to accommodate ~1400 MVA of additional load in Sines and future solar
PV agreements already approved before 2030

Mapa com os novos reforgos de rede - Projetos Base e Complementares




Generation Installed Capacity per Technology

 Installed capacity (ambition scenario) — RMSA
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Evolution of Wind Offshore Installed Capacity

Estimation of wind offshore installed » Indicative values admitted for the wind
offshore installed capacity in each area

between 2030 - 2040:

capacity per Area (2040)
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Area 2030 (MW) 2035 (MW) 2040 (MW)

Viana 1500 2000 2000
Leixdes 500 1500 1500
F. Foz 0 2500 4000
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Ericeira &
Sintra/Cascais 0 1000
Sines 0 1500

Total Capacity 2000 10000

* Buses of interconnection with the RNT near to
the wind offshore areas.
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Operational Scenarios Analysed

» Defined by crossing historical generation /load data gathered from ENTSO-E & REN for representative
scenarios with high/very high wind integration (2 70%) and considering future projections for the load
growth, generation installed capacity and for the commercial power exchanges between Portugal and Spain

» Scenarios simulated so far

2040 Admmited Installed Capacity| 2040 Wet Winter Peak
(MW)* Load Scenario (MW) Load Scenario (MW)

| FossilGes | o

| Smallhydo(<3omw) | &0 |

| Windoffshore | 10000 |

Solar (PV +CPV +CSP) 28681
olar ( (17374 MW assumed for H2)

CHP + Biomass + Biogas 1373

Total Power Exchanges:

Max. Commercial Exp. - 4000
(+) exp. from Portugal

Max. Commercial Imp. - 4700

* based on RMSA Projections

** Admitting an additional load of 8 GW connected to Sines (400 kV)




Oriented Grid Reinforcement Search Algorithm

the most relevant contingencies using Line Outage Distribution Factors
calculated for RNT's extreme operating scenarios

* Around 70 relevant contingencies were identified

the 400 kV substations to be connected by double HVAC circuit with 2300 MVA
or double HVDC circuit with 1200 MW and CALCULATE respective distances

the initial solution from up to 5 reinforcements and ADD the solution to
a list of the top best 20 solutions

overloads in extreme operating scenarios considering the simulation of 70
relevant contingencies and DC modeling for the network

there are overloads the maximum number of iterations is not reached
a solution from the list of top 20 solutions
a small change to this solution randomly
local search to identify the optimum in the neighborhood

the local optimum to the list of top 20 reinforcements if it has less overload than
the worst solution in the list



2040 Wet Winter Peak Load Scenario

Ferreira do Alentejo Sines 170.3
Sines Pegdes 151

Palmela Sines 135.2
Ferreira do Alentejo Algqueva 119.2
Sines Vale Pereiro 117.7
R. Maior Lavos 115
Zézere Santarém 114.9 (%)
Divor Peglbes 114.9
Ferreirado Alentejo Vale Pereiro 112
Falagueira Falagueira 111.1(%)
Fernéo Ferro Ferndo Ferro 110.8
Pocinho Macedo de Cavaleiros 108.4 (**)
Palmela Monte da Pedra 104

Batalha Ribatejo 103.7
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Sines Monte da Pedra 103




2040 Wet Winter Peak Load Scenario

+ Reinforcement — Alternative 1 (Al):

 Sines —Lavos (258 km): 2 x 2372 MVA, HVAC (400 kV) 2 x 1200
MW, HVDC

F. Alentejo — Sines (59 km): 1 x 1386 MVA, HVAC (400 kV)

Falagueira Falagueira 105.3 (*)

Zézere Santarém 103.5(%)

* Considering Sines — Lavos as HVDC circuits, the overloads are
similar, but their magnitudes are slightly loner

* Reinforcement — Alternative 2 (A2):

« Sines —Pego (215 km): 2 x 2372 MVA, HVAC (400 kV) 2x 1200
MW, HVDC

F. Alentejo — Sines (59 km): 1 x 1386 MVA, HVAC (400 kV)

Falagueira Falagueira 115.6 (*)

- R. Maior Lavos 104.5 (***)
~ Zézere Santarém 104.3 (%)
OE&EAABTllsg Pocinho Macedo de Cavaleiros 103.4 (**)

A CUM MIT
+ Considering Sines — Pego as HVDC circuits, the overloads are similar,
but their magnitudes are slightly lower




2040 Dry Summer Intermediate Load Scenario

1 Ferreirado Alentejo Sines 502 170.3
2 Sines Pegdes 504 150.4
3 Sines Vale Pereiro 5 139.9
4 Palmela Sines 7 134.7
5 Ferreirado Alentejo Alqueva 8 1225
6 Ferreirado Alentejo Vale Pereiro 2 122.4
7 Divor Pegoes 1 108.8
8 Pocinho Macedo de Cavaleiros 1 106.2 (**)
9 Falagueira Falagueira 2 102.8 (*)
10 Palmela Monte da Pedra 1 101.8
11 Sines Monte da Pedra 1 101.2




2040 Dry Summer Intermediate Load Scenario

* Reinforcement — Alternative 1 (Al):

 Sines —Lavos (258 km): 2 x 2372 MVA, HVAC (400 kV) 2x 850
MW, HVDC

F. Alentejo — Sines (59 km): 1 x 1386 MVA, HVAC (400 kV)

> (considering Sines — Lavos either as HVAC or
HVDC)

+ Reinforcement — Alternative 2 (A2):
« Sines —Divor (131 km): 2 x 2372 MVA, HVAC (400 kV)
F. Alentejo — Sines (59 km): 1 x 1386 MVA, HVAC (400 kV)

Falagueira Falagueira 105.1 (*)

OCEANIC _ _
£ WABLES Pocinho Macedo de Cavaleiros 103.6 (**)

?\Ev\ e MMIT




The HVDC solution framed by the TYNDP 2024

ENTSO-E published recently the TYNDP 2024 (Ten-year Network Development Plan) -
TYNDP 2024 Project Collection (entsoe.eu).

. Developing hybrid interconnectors
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Example: Beyond 2030 - A national blueprint for a decarbonized electricity system in Great Britain



Main Conclusions

 When operated in scenarios of large wind penetration (off-shore & on-shore), the grid will
become stressed even in “Normal’ operation conditions (if there is no RES curtailment). This
situation is particularly critical for (n-1 and n-2) contingencies.

* The Portuguese transmission grid will then require further investments. Simulations have
shown that this is likely to happen when wind offshore capacity will increase more than
around 2,5 GW.

« Several different solutions are possible to overcome this problem, either in HVAC or
HVDC. Simulation studies performed so far (over the critical scenarios analysed) have
shown that the reinforcement alternatives (either in AC or DC) are able to solve the
highest overloading violations.

* In order to avoid additional high investments/ reinforcements in lines or transformers, the
remaining overloads (less than 115%) are likely be solved through a dynamic
management of the system (temporary curtailment or grid reconfiguration).
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Obrigado!
Thank you!
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