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Transitions have always happened

And there was always resistance ... 100

Ik blijf wie ik ben. TS

Ik was er helemaal nict véér...dieom-  Dat zal ik u zeggen. Het bevalt mij al
F eling op aardgas. Per slot van niet met koken, laat staan met stoken!
rekening jagen ze je maar op kosten. Dit  En ik wil graag klant blijven. Zoals ik
a:ieke dat afgekeurd en de pijp af-  altijd geweest ben. Klant van een kolen—I
gekeurd, En in de bus een bﬁe&:‘zorg handelaar, die wéét wie ik ben als ik op-
er zelf maar voor! Dat kostte me handen  bel. Echt klant - en geen verbruiker
vol geld’. Deze verzuchting is van me- nummer zoveel. Een naamloze. Met
‘vrouw D, J. de Jong, Cattenhagestraat ambtelijk gedoe. Bovendien:in de kamer
11a in Naarden. Velen voelen het netzo,  waarin je leeft kan je niet zonder echte
Waarom blijft zj bij gezellig kolen stralingswarmte. Warmte waar wat aan
stoken? te beleven is ' U hoort het: leefwarmte,
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215t century: Energy Transition
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*  Programmes: Fit-for-55, RePowerEU,
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° Th e rest Of t h e WO rl d . emissions’ by 2040 by 2050 (all sectors contribute) economy

. Still 840 Million people without power
. China: transition towards less pollution
. US: transition thanks to (fracking) gas and cheap renewables

. Local renewables cheapest source for developing nations

e 2022: US LNG export, gas prices outbid “poor countries”, ...
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Tougher goals: Fit-for-55

* GHG -55% by 2030

* A package of directives
showing the implementation
roadmap

* Expansion of the ETS system
(=a hidden carbon tax)

e “Just Transition”
. Distributive justice
. Procedural justice

. Recognition justice
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Prosumers, in smart homes, take centre stage in the energy transition

 Automatisation, domotics

 Smart contruction: isolation,
daylighting, ...

* Smart energy systems: PV,
battery, heat pump, flexible
loads, ...
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Introduction
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Advantages of LVDC technology in a nutshell

* |Increased level of compatibility : E

* Efficiency gains (5-15%pt savings)

* Easy storage integration . ... ® L J )

« Upfront cost savings (-30%) I (5 D{Ez

* Material resource savings L p————

* Reliability improvement - ess 3 ‘_,V<
* Increased power transfer capability = = L E

(voltage level dependent) Tty ==
* Upfront cost savings ] e PR
* Material resource savings —z8 || = “: B ﬂ - ﬁ




Vision and Mission

Vision
At EnergyVille, we strongly believe that bipolar LVDC grids will play an essential role in commercial buildings and
districts to facilitate the integration of on-site renewable generation and energy storage at a lower total cost of

ownership.

Mission
Our mission is to provide and further develop device- and system-level expertise on LVDC networks regarding the
primary functionalities encompassing voltage control, protection, network configuration and interoperability.

Key challenges

* System-level voltage stability

* Protection of LVDC systems

* Converter design & interoperability
* Training

e Standardization

B Ll




LVDC roadmap 2020-...
|
Technology:
(bipolar) converters
Technology:
control for
interoperability

Technology:
(bipolar) protection

Pilots / demonstration
Living lab

Software tools

Business cases
Standards / regulation

! I !
2020 I 2021 I 2023 | 2024-2025 | >2025
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Low-voltage DC test facility EuropeseUnie s T
A =500V bipolar DC test grid

* Reconfigurable lab infrastructure
. 100 kW up to =500V DC test grid
. Unipolar and bipolar configuration
. TN-S grounding or IT grounding

* Power flow monitoring

* Voltage measurements

* Power electronic converter testing

e Connected to other labs
. Rooftop PV test site
. Battery laboratory
. EV Parking

* Connection to EV2 building
(“DC LEC”)

* Tests
. Voltage stability - power sharing
. Protection systems
. Equipment interoperability
. Efficiency assessment Only safety-approved LVDC

facility in Belgium, part of
“sandbox regulatory regime"




EV ROOF
EnergyVille Demonstrator

Layout

« Setup across 3 levels of
EnergyVillel

 Addition of Al distribution cable
» Expandable DC grid to office rooms

Homelab

« Expandable DC EV charging

Basement

Green: Existing Cables
Red: New Cables
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What is wrong in this picture?




How to charge?

AC DC

* Up 22 kW * 50-350 kW

* ACsingle/three-phase on grid  DC400-800 (—1250V);
* Power can be modulated needs rectifier

e E.g.: 200 kWh battery: 9h charging * For high-power or “opportunity
charging” (e.g. along high-way) ?




Large-scale EV charging architecture (from AC to DC) — ICON Hume project

» AC based architecture (low power)

Advantages: mature protection devices, standardized metering, etc.

Challenges: complex control, more conversions, power quality issues etc.

» DC based architecture (low + high power)

Advantages: simple control, less conversions, more power with
less conductors (bipolar DC), less power quality issues etc.

Challenges: complex protection, non-standardized metering,
capacitive nature, etc. + efficiency?

» AC and DC based architecture

<~

What is the most suitable architecture for public charging (office, commercial sites,
hotel etc...)?
17
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Modern “clean” truck technologies

Daimler

Battery- Hydrogen-electric
electric powertrain using
owertrain fuel cells (FCV 19




‘Well-to-wheel” efficiency of vehicles:
put your system boundaries wide enough

rCars: direct electrification most efficient by far

Direct electrification Hydrogen Power-to-liquid (diesel) Power-to-liquid (petrol)
2020 2050 2020 050 2020 2050 2020 050

100% renewable electricity 100% renewable electricity

100% renewable electricity 100% renewable electricity

1 i

Electrolysis

CO, air-capture and
FT-synthesis

Transportation,
storage
and distribution

ruelpreduction 940/ 68% 55% 55%

|_ Well to tank —1

Charging
equipment

Battery
charge efficiency

H, to electricity :

conversion |

Inversion DC/AC [
Engine/motor
efficiency

overallefficiency  TT% 519, 33% 42°% 20% 2% 16% 5%

,— Tank to wheel —1

Notes: To be understood as approximate mean values taking into account different production methods. Hydrogen includes onboard fuel compression. Excluding mechanical losses.

7= TRANSPORT& w m i) : Worl (2014),
' ENVIRONMENT @ transportenvironment.org

losifidou et al. (2017), Peters et al. (2017), Larmanie et al. (2012), Umweltbundesamt (2019),
National Research Council (2013), Ricardo Energy & Environment (2020), DOE (no date), ACEA (2016).




Future fleets?

Daily trip length for long haul trips (within countries) in Europe:
fleet owners can minimize eTruck investments and maximize profits

8% 480 km —»

6% 240 km
4% ‘
750 km
0% - I I I I l | R —
| J \
eTrucks with  eTrucks with eTrucks with  FCEVs using
250 kmrange 500 km range 750 km range hydrogen
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Generations of e-truck

Diesel powertrain: expensive, maintenance prone, and heavy: ~3500 kg

cuomoves o
EIXL§I)§25 TU/e TECHNOLOGY EON o e/ S ® ‘im”'°'i°'2 m A.Hoekstra
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Generations of e-truck

Real electric truck: motors close to the wheels is all that’s left

st TU/e 52 NEON mmmmmm (D= JRVIEETAl - Hockea
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Generations of e-truck

Future eTrucks will use structural batteries: less weight + plenty of room

oo EINDHOVEN ZEnM
53 TU/e 55y NEON AN A/ERE B

J.Driesen 2424




Specific for (heavy) trucks: MCS

~w Megawatt Charging System (MCS)
+ Max 1.250 V & 3.000 A (DC)
+ Power:1-2-3,75 MW



Integration of charging on site e
~a, Charging need o
+ Energy: how much kWh is needed
+ Power: how fast is it needed (kW) ETATION VEHIELE
~a When?
+ Flexibility from truck — Sold to Grid
A paes .
‘\ I"‘l Supplied from
‘\ Buy from Grid | S
+ Flexibility from source
A
: 0 6 12 18 24
) on evening
A
W V2G (bidirectional): is there a business case? i e Charge on
curve of ) daytime

Regulatory challenge damand




Sustainable logistic centres:
the case for a microgrid?

* Without eTruck ) ° eTruck ready
*  Maximal PV on roof *  Which charging proflles?
* Problem with weak roofs? * Truck rotation
* PV:towards E-W orientations * Truck scheduling
*  Problem with distribution grid: * AC (low-power) and/or DC (high-
bottleneck! power) ?
e Passive limited self- * Case for LVDC microgrid technology
consumption * Batteries to increase self-
* Activate flexibility consumption
* E.g. flexible cooling load * Day: PV — Night: charging
* Consider battery unit? * Peak power management

* Battery capacity (spare) can be
contracted for grid services




Some final thoughts

Energy transitions happen all the time.
We always win in the end.

System thinking: look at the bigger picture

Individual optimum vs. collective optimum

New technologies help integration

New business models are needed

Don’t forget to communicate, create trust
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