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Disruptive technologies Local generation and local consumption



‘How direct will the future electricity be?’

 Renewable energy at optimal locations such as
wind offshore in the north sea and solar in the
south connected via HVDC

* Local generation and local consumption -
Smart cities, Evs and storage

* Increasing role of Power Electronics and
Digitalization in all voltage levels,
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Renewable Energy at Optimal Location and
Clean Local Power
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Energy for Netherlands ?
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RE at optimal locations
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AC versus DC HV cable
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Multilevel modular converters

The Multilevel Modular Converter (Marquardt, 2002)

Maijor step forward for high-power converters

Direct substitute for VSC 2-level technology (>20 years in HVDC)
Based on series connection of converter cells (submodules)

Main Submodule Topologies

Half-bridge Full-bridge
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How direct will the future electricity be ?

Where we want to be?

n e I « Sustainable, reliable high efficient,
o1 ' e I e k«t r low cost distribution grid

* Redesign the system  « Grid (DC) with Renewable energy,

Uncertalnty for (partially) DC Electric Vehicles
‘ * Grid Innovation ' ISnte?rate fstsoratge « Demand follows production
* Regulation and Policy * Oysiem or sysiems . it -
+ Climate change approach (social, Towards ﬂ(.aX|b|I|ty and modularity
Impetus? + Geo-political issues ecological & * De-centralized control
Renewables &  + Public support technological) « New distribution of costs & market
. . * Interface, interaction, structures
[ J & Electric * license to operate : :
. integration . ,
Status now? Vehicles » customer preference * System integration (gas&elec.)
Control, stability, infrastructure
production follows
demand
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Why DC distribution ?

« All Renewable Energy and Storage essentially DC
« Higher system efficiency
. Y, ' t C

VWAt SB B Gt IHEFansformer
« Higher System controllability (stability, resonances)
« Potential for long distance transmission

 Higher reliability
+ Greater power per conductor
fupeirt [ Higher voltages possible




DC- DC Converter — Electronic transformer
Edison’s missing link
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Modularity
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Roadmap for DC Systems

l Meshed DC distribution

|
selektrpni-
ial DC grid
. I ! .g" S . . . Suzainable, reliable, high
* Connecting DC microgrids  efficient, low cost DC distribution
DC microgrids / DC links ~ * Refurbishing the system for  grid with renewable energy, and

(partially) DC infra electric vehicles

‘ » Towards local generation .
* Modular converters with . Eavihil :
. l(?cﬁl Iuse (storage, EVs) integrated protection Fexibility land modularity
DC Nanogrids V20~ ° Siiirl:ga(rocp:?[ir:;iezgtion) + Integrated control market  * Decentralized control
« Bidirectional power flow . ) approach + New distribution of costs, market
« PV and storage * Protection, grounding + Integrating cells/microgrids ~ and usage structures
DC Nanogrids @ DG house nanogrid * Stability of DC grids * Interface, interact, integrate « Integration of multiple energy
. Radial DC feeders - PV charging systems of * Optimal power flow carriers (gas&elec.)
liaht EVs * Demand side management
(ighting) . » DC ready devices and  + Data over power line
. Delvllces, protection, |sp power delivery + Power management
r 1 stability » Enable demand + Markets
TUDelft fesponse + Enabling Blokchain
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Electric Vehicles
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Implication on CO2 emisions
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PV Charging of Electric Vehicles “®—=

]
TUDelft




PV Charging of Electric Vehicles
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10kW EV-PV power converter

* Higher power density
* Higher efficiency
* Bidirectional EV charging

: « SiC MOSFET
: « SiC diode

50cm x 50cm !!!






PV for smart cities applications

Solar Powered Electrical Bike and Scooter Charging Station
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MPPT
Charge
controller

System topology

PV for smart cities applications

Solar Powered Electrical Bike and
Scooter Charging Station
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Wireless bike charging V1.0




Wireless bike charging V2.0













Bipolar Single-Bus
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Bipolar Single-Bus
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Voltage regulator

DC loads
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HYBRID AC DC

DC Microgrid 1

|
|
|
_ ]
—— |
|
|
' |
y |
|
AC Utility Mains !
AC loads '
o AC loads :
= K

ERpEE = (8]
—(_ |
Battery bank I
,,,,,,,,,,,,, DCloads _ _ _
_ |
|
T X |
; ‘ Wind
Diesel generator |
I generator

AC Bus DC Bus DC Microgrid 2

5
TUDelft .




]
TUDelft

HYBRID AC DC
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Energy conversion
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Congestion management
Frequency. control in.case
Local voltage problems
Transient stability
Reliability problem




Storage — key solution
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PULSE BUILDING TU DELFT
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