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Figure 2. Temperatures Worldwide, 1901-2021
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EPA — United States Environmental Protection Agency, “Climate Change Indicators: U.S. and Global Temperature”, online.
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Objetivo: emisidn cero en 2050 ) Electrificacion del transporte.
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EPA — United States Environmental Protection Agency, “Sources of Greenhouse Gas Emissions”, online.
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Tendencia al alza en venta de VE - Proyeccion a 2030 con mucho impacto.

Electric car sales, 2016-2023

Original i t: ts and regi d in the Stated Policies and Announced Pledges scenarios, 2030

rmillion EV sales share (%)
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IEA — International Energy Agency, “Grid Integration of Electric Vehicles”, online.
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S. Rivera et al., "Charging Infrastructure and Grid Integration for Electromobility," in Proceedings of the IEEE, vol. 111, no. 4, pp. 371-396, April 2023.
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S. Rivera, S. Kouro, S. Vazquez, S. M. Goetz, R. Lizana and E. Romero-Cadaval, "Electric Vehicle Charging
Infrastructure: From Grid to Battery," in IEEE Industrial Electronics Magazine, vol. 15, no. 2, pp. 37-51, June 2021.
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Cargadores de mayor potencia ‘ Mavyor bateria equivalente.
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S. Rivera, S. Kouro, S. Vazquez, S. M. Goetz, R. Lizana and E. Romero-Cadaval, "Electric Vehicle Charging

Infrastructure: From Grid to Battery," in IEEE Industrial Electronics Magazine, vol. 15, no. 2, pp. 37-51, June 2021.
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S. Kouro, “Charging Infraestructure and Grid Integration for Electromobility”, online.

18/04/2024 12



Estado actual VE - Barreras

De 400V hacia soov.é? P=V-1-> Mas |, menos eficiente.
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S. Rivera, S. Kouro, S. Vazquez, S. M. Goetz, R. Lizana and E. Romero-Cadaval, "Electric Vehicle Charging
Infrastructure: From Grid to Battery," in IEEE Industrial Electronics Magazine, vol. 15, no. 2, pp. 37-51, June 2021.
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Caso mas probable/simple en la actualidad... ‘ Carga inteligente
(Smart charging)

Potencia activa unidireccional ‘ V1G

I' Ieatar o,

sat) Grounding &t
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S. Rivera et al., "Charging Infrastructure and Grid Integration for Electromobility," in Proceedings of the IEEE, vol. 111, no. 4, pp. 371-396, April 2023
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Past grid Present/Future grid

Nuclear PV Hydro WPP
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I. Marzo, “Modular Converter Structures for STATCOM Application under
Unbalanced Conditions”, PhD Dissertation, Mondragon Unibertsitatea, 2022.
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G. R. Chandra Mouli, “Smart Charging of Electric Vehicles”, online.
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A nivel de cargador... Siguiente escalon: Vdc = 1200 V
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cargas rapidas
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(V2G, V2H, V4G) gemiconductores WBG

A grid R[] DC Mater (a)

FEN b Grounding at

= distribution syslem

Rivera et al., "Charging Infrastructure and Grid Integration for Electromobility," in Proceedings of the IEEE, vol. 111, no. 4, pp. 371-396, April 2023.
G.

S.
G. G. Farivar et al., "Grid-Connected Energy Storage Systems: State-of-the-Art and Emerging Technologies," in Proc. of the IEEE, vol. 111, no. 4, pp. 397-420, April 2023.
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I. Marzo, “Modular Converter Structures for STATCOM Application under
Unbalanced Conditions”, PhD Dissertation, Mondragon Unibertsitatea, 2022.

Tanto con o sin coche conectado
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Sin coche conectado B
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Servicios a diferentes escalas de tiempo
=) Con coche conectado

time
A
75min ¥
Energy management/market participation
Coordination of multiple microgrids
. « o . Fault management
Mismos servicios que cualquier - |
. Vé
convertidor de Energias Renovables Frequency and voltage restoration
Active/reactive power control
+ Black-start management
30s ¥
Primary ;)/oltage/freguency and/or current control
ower sharing
control Local protections
5s =
: 5 Sub-transient response
f/v deviation
—

Unamuno, E.; Barrena, J.A, “Equivalence of Primary Control Strategies for AC
and DC Microgrids”, Energies 2017, 10, 91.
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Asma Aziz, Aman Than Oo, Alex Stojcevski, “Frequency regulation capabilities in wind power plant”, Sustainable Energy Technologies and Assessments, Volume 26, 2018.
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=) Con coche conectado
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Renewalble energy

Legend generation | .
B Unidirectional power flow > i &.0. Wark place charging
| - th ite ti —
Em Bidirectional power flow ! . with onsite generation w‘

==== 050 - EV/EV5E communication/interaction and storage

D50 & T30 system
balancing

e.g Frivate fleet charging facility
with onsite generation and
storage

g Fubilc charging units
with onsite generation
and slorage

- Aggregated

- Infrastructure meets Variable charging - Charging profile is - EWs can transfer energy | - Bidirectional energy

local reguirements, awer, remotely handled  negotiated based on aperating behind the transfers with the grid (in
requlations and | by several entities (D50, moneta ry incentives or - meter in both directions, | front of the meter op)
quidelines. E CPO, EV user, EV or HEM} - grid constraints. based on sustainable or - Aggregation through
- Unidirectional charging.| - Reaction times are - Lacal agaregation is economical drivers state/country.
- Feguires D50 load | defined, time-shifts, possiile {onsite storagedgens,
management. | demand response and power consumption, etc).

| Grid Connection } Grid Integration |

S. Rivera, S. Kouro, S. Vazquez, S. M. Goetz, R. Lizana and E. Romero-Cadaval, "Electric Vehicle Charging
Infrastructure: From Grid to Battery," in IEEE Industrial Electronics Magazine, vol. 15, no. 2, pp. 37-51, June 2021.
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