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AIM
• The objective of building a use case 

of the Iberian region is to validate 
the planning tool developed in the 
FlexPlan project.

1. Introduction

SCOPE
• the Iberian Regional Case (RC) 

includes the networks of Portugal 
and Spain.

• Two aspects are covered:
• Network: transmission and 

distribution networks are 
considered.

• Scenario: renewable generation 
and demand data is provided as 
input for the different time 
frames and scenarios.

Visible Earth, NASA
https://www.visibleearth.nasa.gov/images/137643/the-
iberian-peninsula/137645l



FlexPlan2. Grid modelling Spain. Transmission and subtransmission (I)

REFERENCES
• ENTSO-E grid model, including only 

transmission data (220 and 400kV)
• Locational input of substations 

(network nodes) originally from 
Gridkit but:
• Not all nodes present.
• Mismatches were observed.

• To build the subtransmission
network (132 kV), the Open Street 
Map (OSM) was used:
• Incomplete
• Only topographical information 

(no line or transformer 
characteristics) 

• Google Maps was used to check and 
look for locations.

• REE pdf map was used for checking 
at transmission and to help build the 
network at sub-transmission.

• Only peninsular Spain has been 
modelled

REE Map (pdf format)

OSM Map



FlexPlan2. Grid modelling Spain. Transmission and subtransmission (II)

LOCATION OF BUSES
• Location is useful to characterize the 

buses (e.g. urban/semiurban/rural)
• All nodes where checked in 

transmission, for around 85% the 
exact location was found, for the rest 
approximate location.

2.5 km mismatch

18 km mismatch

85 km mismatch

Transmission network buses/nodes
(red: 400kV; orange: 220kV; purple: 

interconnections outside Iberia)



FlexPlan2. Grid modelling Spain. Transmission and subtransmission (III)

GENERATOR & LOAD MODELLING
• Generators, loads (industrial type) 

and other information was identified 
in the model.

• Hydro plants were modelled as 
storage, estimating the energy 
content by considering the volume 
of the reservoirs and the height of 
the  dam.

• Dispatchable units were 
characterized per their installed 
power and considering the future 
plans for Combined Cycle, nuclear, 
etc. Environmental info was also 
provided.

• Non-dispatchable/renewable units 
were considered integrating the 
future installed power information 
and the knowledge of existing plats, 
trying to match the calculated 
scenario information total numbers.

Extract of generation and load plant 
characterization table



FlexPlan2. Grid modelling Spain. Transmission and subtransmission (IV)

IDENTIFICATION OF SUBSTATIONS
• Example on location checks in 

Google Maps

A. Gurrea - Wind

A. Leyva - Madrid

Aceca- CC

A.C.B - Steel

Abanto 400kV/132kV

Aguayo – Pumped Hydro

Some substation examples at transmission network



FlexPlan2. Grid modelling Spain. Transmission and subtransmission (V)

BUILDING THE 132KV NETWORK 
• A simplified network was built based 

on the REE map: some nodes were 
and branches were eliminated, 
trying to respect the  general 
topology.

• Bus location and generator and load 
identification was similar to the 
transmission network case.

• Even if not exact all lines have been 
considered of 132kV.

• Average values were considered to 
model branches and transformers.

Morrablancar- Wind

Orellana - Hydro

Puentenuevo - Coal

Añover 132 kV

Some substation examples at sub-transmission network

Sub-transmission network buses/nodes



FlexPlan3. Grid modelling Spain. Distribution

DISTRIBUTION NETWORK MODELLING
• Real distribution network models 

were not available for the project 
(confidentiality issues).

• Synthetic networks were created 
from statistical data of some real 
networks (RSE methodology). 

• The following parameters were 
considered to build the networks:
• Topology: percentage of node 

levels from substation.
• Probability function (graph) of the 

loads in the network.
• Probability function (graph) of the 

cumulative resistance from the 
primary substation.

• No location information was 
provided for the synthetically 
generated buses.

• The diversity of distribution network 
characteristics in Spain, due to 
different  SOs, was not considered.

Main System Operators (SO) and their 
network deployment area. Spain

(https://tarifasgasluz.com/distribuidoras)



FlexPlan4. Grid modelling Portugal. Transmission (I)

REFERENCES
• Transmission and sub-transmission: 

Full model included in ENTSO-E data 
set:
• 400 kV, 220kV, & 150 kV.
• 63kV (sub-transmission): 

transformers are modelled.
• Locational information completed 

manually, more than 90% of nodes 
have exact location.



FlexPlan4. Grid modelling Portugal. Transmission (II)

GENERATOR & LOAD MODELLING
• Generators, loads (industrial type) 

and other information was identified 
in the model, in a similar way to the 
Spanish case

Extract of generation and load plant 
characterization table. Portugal



FlexPlan5. Grid modelling Portugal. Distribution

DISTRIBUTION NETWORK MODELLING
• The distribution network model for 

Portugal was available.

Distribution network for PT



FlexPlan6. Scenario information (I)
PAN-EURPEAN SCENARIOS CREATION 
METHODOLOGY
• Generation scenarios were created 

based on TYNDP data for 3 target 
years: 2030, 2040, 2050.

• Starting from the big numbers of the 
scenarios, time series generation 
profiles are created for renewable 
energy, based on weather data for 
locations: for each node in the 
network model, a profile of 8760 
power values is created, for each 
resource (wind, solar, hydro, 
biomass).

• The same is done for demand: to 
each node in the network a demand 
is assigned based on population 
density.

• Border exchange is also calculated.
• 3 Scenarios were considered initially: 

Distributed Energy (DE), Global 
Ambition (GA) and National Trends 
(NT).

Regional capacitiesNational scenario data

Spatial distribution

Land use

Corine Land 
Cover Dataset

Existing 
Plants

Regional time series

Time Series Generation

Weather 
data

Cosmo EU 
Model



FlexPlan6. Scenario information (II)

SPANISH CASE
• As result, for the Spanish case, the 

following numbers are provided.
• These are an input to build the RC
• Dispatchable units show consistency 

with the current network and future 
plans. 

2030 2040 2050 2030 2040 2050 2030 2040 2050

PV 51399 90474 135674 37271 58945 86744 43434 65048 86663

Wind 44704 56200 73821 46406 63306 86331 48580 53510 58439

HydroRoR 3640 3640 3640 3640 3640 3640 3640 3640 3640

HydroRes 10975 10975 10975 10975 10975 10975 10975 10975 10975

OtherRES 2226 2226 2226 2226 2226 2226 2226 2226 2226

Nuclear 2716 0 0 2718 0 0 2718 0 0

Lignite 0

Hard Coal

Oil

Gas 25761 25760 14587 25760 25759 14587 25761 25760 25761

Biomass 0

Pumped storage 9520 9520 9520 9520 9520 9520 9520 9520 9520

Storage 9520 9520 9520 9520 9520 9520 9520 9520 9520

Total hydro 24135 24135 24135 24135 24135 24135 24135 24135 24135

Total Generation 150941 198795 250442 138516 174371 214021 146854 170678 197223

interconnection FR 5000 5000 5000 5000 5000 5000 5000 5000 5000

interconnection MA 1458 5762 43891 592 1356 35629 858 3430 29180

Load 46705 55271 63790 45703 51608 57513 45400 53085 60770
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FlexPlan7. Final model information

FINAL MODEL
• The information from transmission, 

sub-transmission and distribution 
networks was integrated.

• No border is considered between 
Portugal and Spain.

• The number of distribution network 
was reduced, to reduce the 
computational burden. Around 10% 
of the networks were considered, 
and those with highest congestion 
risk were selected.

FINAL SCENARIO
• DE was adopted as scenario for all 

RCs.
• In the Spanish case, the time series 

were generated at transmission 
node level. Therefore, it was 
necessary to share that generation 
and load downstream among the 
sub-transmission nodes.

• The created pan-European scenario 
was adjusted based on the 
knowledge about the network.

Generation Installed power per typeModelled electricity network in RC Iberia

Pan-EU DE Final Diff.

PV 51-136 51-136 0

Wind 45-74 45-74 0

HydroRoR 3.7 5.2 1.5

HydroRes 11.0 8.5 -2.5

OtherRES 2.2 2.8 0.6

Nuclear 2.7 3.2 0.5

Lignite

Hard Coal

Oil

Gas 25.8 24.6 -1.2

Biomass (included in Other RES)

Pumped storage 9.5 9.6 0.1

Storage 9.5 9.6 0.1

Total hydro 24.1 23.3 -0.8

Total fixed Generation 54.8 54.0 -0.8

interconnection FR 5 5 0.0

interconnection MA 0.6-44 0 0.6-44

Load 47-64 47-64 0

Technology
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Spanish Scenario DE 

Installed Power (GW)



FlexPlan8. Conclusion

• A grid and scenario suitable for the validation of the planning tool has been 
created.

• The grid modelling has been considered as close as possible to the real one, but 
simplifications have been taken, because:
• There  is a lot of data to be considered and it was not all available.
• The network had to be tractable computationally speaking.

• Nevertheless, a good network model has been created for the Iberian RC.
• The scenario was created with a methodology developed in the project and it was 

considered as an input for the RC Iberian case.



FlexPlan9. Reference documents

FlexPlan public deliverables at https://flexplan-project.eu/publications/:
❖ D4.1. Pan-European scenario data

❖ D4.2. Pan-European simulation results

❖ D5.1. Data set and planning criteria for the regional studies

https://flexplan-project.eu/publications/
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