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- | s ENERGY FOR LIFE, BLUE CELL POWER

Eric Verhulst, CEO/CTO
THE SHIFT TO CLEAN ENERGY NEEDS BETTER BATTERIES NOW:

We have them!



Lithium-ion: Sustainable? Practical? Cost-efficient?

GM asks Chevy Bolt EV owners not to charge
overnight or park inside after 2 more fires

Batteries are
full of very
inflammable
products)

.

Recall will cost 2 billion US$
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The step beyond Lithium-ion batteries

* First cells in 2018
* Unique carbon based hybrid super capacitors with energy of Li-ion
®* Customer and volume production snce 2 years

LiCoO2 Metal Oxide

© e
000 000 ©

cooo0oco o

eooo0 o000 ° &
o (#)
e00000 o

Lithium ion Batteries

Supercapacitors

o

EL g .



Game-changing hybrid carbon-based power capacitors

A practical and sustainable battery must meet many criteria combined

Lithium-ion battery cells
Fire risk

Complex to use

Active cooling/heating

Short time limited power
Energy, 60 to 80 % usable
_imited temperature range
~ast charging is problematic
_ifetime too short

Sustainable?
Cost efficient
Many announcements

Hybrid Carbon-based Power Capacitors
NO fire risk

Simple and robust; NO BMS needed

NO need for active thermal management
Sustained high power capability (up to 20x)
Energy, 100% usable

Works from -40°C to +80°C

Fast charging in 5-10 min

1 million km or 20 years and more

10 to 20X lower environmental footprint
Lowest cycle life cost

In production since 2 years

Kurt.energy develops and delivers batteries world-wide



Small cells, enabling a high potential

CARBON BASED klyoria
vehicles

POWER CAPACITORS | gppiication

Extreme

temperature,
www.kurt.energy E’ lifetime

and power

requirements

Hybrid carbon-based power and energy capacitors =¥
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Power capacitor = energy + power

Energy flow
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. 1 ICE GENERATOR GENERATOR _
charging ~

INVERTER

+ 2 H2  FUELCELL  POWERADAPTOR POWER CONTROLLER TRACTION
CAPACITOR MOTOR
BATTERY
regen 3 STORAGE BATTERY ~ POWER ADAPTOR
braking Pull-up

Unbeatable benefits in hybrid propulsion:
- Safe (H2 fuel cells!)

- Robust

- Power (upto 20C)

NW T - Simple: no BMS, no active cooling
b, = \WOFKS from -40 to +80°C

- Lifetime: upto 30 years

Trp im0 17 am

Power needs happen in bursts: the killer for Li-ion A
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Stress and abuse tests at Flandersmake

Test 4773 | 18650 | Cell 22 | WLTP test

T
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Charging at 5C (6.5 A), discharging at 0.5C, 1C, 5C, 10C, simulating WLTP cycle E’

Discharging at 2x max. C-rate (40C), overcharging, short-circuit show extreme robustness |
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From 3A to 488A on a non-cooled batter

20Sx20P 18650 Powerpack (25AN/S0V)

20Sx20P 18650 Powerpack (25Ah/S0V)
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p— . — Y-
Discharging curves 0.1C-19.5C (3A - 488A) (inear scale) e Discharging curves 0.1C-19.5C (3A-488A) (Log scale) 2 e
2000 mv-0,25C 2000 mv-0,25C
2900 w—Wh-0.25C 2900 w—Wh-0,25C
200 — mV-0,5C o — — V-0,5C
2700 WhO.5C 20 _ Wh0,5C
2600 —V-1C 2600 ——————— w— V-1C
2500 e WH-1C 00 e WhH-1C
2400 2400
2300 — V-2C 2300 — V-2C
ns e WH-2C %‘ 2300 e WH-2C
2100 —mV-3C S 20 —mV-3C
2000 — Wh-3C 2000 — Wh-3C
1900 — V-4C 1900 — V4G
1800 —WwWh4C | 1800 —Wh-4C
1790 mv-5C 3 1700 mv-5C
. —Wh5C i —Wh5C
1400 — V-6C g 1400 — V-HC
1300 Wh-6C 1300 Wh-6C
1200 w—V-TC 1200 —V-7C
1100 Wh.7C 1100 wh.7C
1000 — V-8C o w— V-8C
"0 ~ Wh8C 0 - Wh-8C
g — V-10C g :‘; — V- 10C
— e WH-10C s w— Wh-10C
800 —mV-12C %0 —mV-12C
poes w— Wh-12C 0 w—Wh12C
0 mv-18.6C X0 mv-18.6C
w00 e Wh-18.6C 0 e Wh-18 6C
100 —V-19.26C o0 —V-19.25C
° Wh-19.25C ¢ Wh-19.26C
5,000 10,000 15,000 20,000 25,000 20,000 000 40,000 X 100,000
Time (seconds)
20Sx20P 18650 Powerpack (25ANS0V)
Discharging curves 1C-12C (25A - 300A) (knear scale)
20Sx20P 18650 powerpack (25ANS0V)
2900
x Energy discharged (Wh) vs. Voltage at 0.1C 10 19.5C
2000 — V-1C 1900
7500 ~Wh-1C
2400 — mV-2C le0
2300
—— Wh-2C
29 —mV-3C — — WH-0,1C
2100 —Wh-3C 1200 — Wh-0.26C
- — V-4C Wh0 5C
1900 120 w—WH-1C
— Wh-4C
1800 —Wh-2C
1700 mv-5C 2000
1600 —Wh5C Wh-3C
e ——_ x ——:
1400 wWh-6C g o0 Wh-SC
1300 —V-TC ¢
1200 — o —Wh-7C g 0 _W""‘C,c
um '/l> — S ,
proed — mv-8C o 0 —WHEC
— Wh-8C
pro —_ — mV-10C %00 ==Wh-30C
00 = W —WhH-12C
o o ==—Wh-10C o Wh-186C
o — —iV-12C — WH-19.25C
“©0 —Wh-12C 00
«0
200 200
» 100
100
0 °
2.000 2.500 1000 150 4000 300 1450 1700 1750 1800 1850 1900 1950 2000 20850 2100 2150 2200 2250 2300 2350 400 M50 2500 2550 2000 2050 2700 750 200
Time (seconds) Cell Volage (mV)




Simulation before building:
htpps:/batterybuilder.kurt.energy

2

Battery Pack SOC [ratio]
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Load Profile Simulation: Battery Pack SOC [ratio] in time

Design Proposal 18650 - 20S x 60P capacity 75.0 Ah, 50.0 V
Load profile 210317_ESS_Load_Cycle_P95_cleaned.xIsx
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Load Profile Simulation: C rate occurence

Design Proposal 18650 - 2685 x 432P capacity 540.0 Ah, 670.C
Load profile AvgCycles_SH_cycle2.xlsx
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Load Profile Simulation
Design Proposal 18650 - 20S x 60P capacity 75.0 Ah, 50.0 V -- interpolated
Load profile 210317_ESS_Load_Cycle_P95_cleaned.xlsx
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/monia Seal of Excellence:
‘mw Recognition by external experts
‘Eﬂ\i
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Certificate delivered by the European Commission,

* Multi-Moby EU H2020 project: a novel modular

the EU Framework Programme for Research and Innovation 2014-2020

and autonomous urban class e-vehicle

Business Development and Automated Pilot Assembly Line

* Can be charged in 5 to 10 minutes OO .5 S s 171 oo

submitted under the Horizon 2020°s SME Instrument (grant only and blended finance)
call H2020-E1C-SMEInst-2018-2020 (H2020-E1C-SMEInst-2018-2020-4) of 19 May 2020
in the arca of H2020-EI1C-SMEInst-2020-4

H2020-EIC Accelerator pilot -SME Instrument - Green Deal

by
ALTREONIC NV
GEMEENTESTRAAT 61A BUS |
3210 LINDEN
Belgium

following evaluation by an international panel of independent experts
WAS SCORED AS A HIGH-QUALITY PROJECT PROPOSAL
IN A HIGHLY COMPETITIVE EVALUATION PROCESS*
This proposal is recommended for funding by other sources, since Horizon 2020 resources
available for this specific Call were already allocated following a competitive ranking.

* This means passing all stringent Horizon 2020 assessment thresholds for the 3 award crisenia
(excellence, impact, quality and cfficsency of implementation) required 1o recerve funding from the EU budget Horwon 2020,

! Elisa Ferreira, Mariya Gabriel,

1 Commissioner for Commissioner for Innovation, Research,
; Cohesion and Reforms Culture, Education and Youth

i 2 .

: {,17... Ly

:

!

i

] Brussels, 29/06/2020
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Fast charging @ 6C after 8 WLTC1 cycles

18650: fast charging

Design Proposal 18650 - 20S x 100P: 125 Ah, 6125 Wh, 50V
Load Profile Simulation : SoC, charging at 0.43C, 6C, 12C
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Load Profile Simulation
Design Proposal 18650 - 20S x 100P at 100%: 125.0 Ah, 6125.0 Wh, 50.0 V
Load profile dc_power_valeo_wltcl_gf15.57_gr15.57_0.5C_charge

1
Discharge reference:
— 0.50C
— 1.00C
150C
2.00C
Simulation:
«  Discharge
«  Charge

Total Voltage [V]

20 40 60 80 100 120
Discharged Capacity [Ah]

Load Profile Simulation : Battery Voltage
Design Proposal 18650 - 20S x 100P at 100%: 125.0 Ah, 6125.0 Wh, 50.0 V
Load profile dc_power_valeo_wltcl_gf15.57_grl5.57_0.5C_charge
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®* 0-100 % SoC: 2.5 hrs @0.5C, 20 min @ 6C, 15 min @ 12C
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H2020 Green Deal project with Fraunhofer

GRID Connected CPV unit diagram
The project comprises 4x - 180KWp units of generation = 720KWp
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Excellent choice for hybrid energy generation

Use case:

- 250 KWh hydrogen fuel cells
- 30 kWh / 800V powercapacitor battery
" - Delivers 250 kW at cold start

- Absorbs 300 kW upon load disconnect

A
—
—_—
i;b

R

Use with hydrogen fuel cells:
- Safety: no spontaneous fire risk

- Handles high power demands (e.g. cold start)

- Absorbs excess energy
Robust: no BMS, no active cooling, 20000 cycles, zero

maintenance
Similar with ICE generators, liquid air, ... also for traction



Battery construction

& 5o r'""i _______________ .

|

: Parallel first, then serial at module
| level

E - BMS (active balancing) optional
e Battery Monitoring sufficient
'+ Paralel modules only at battery level
! to increase capacity

'+ Heat aborbing silicon gel inside
|

|

|

|

|

|

|

|

|

|

|

|

|

|

Battery Monitoring System

For illustration only
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@ ETF Mining Truck D5, b 'Pa_yload 500 metric tons

;&
‘ §’
°Y

From smaII UPS to MWh hybrld BEVs and energy storage worldwide:
medical, satellites, vehicles, trains, ferries, solar energy farms

Battery-Electric All-Wheel-Drive with Energy harvestlng "“Q ~

Zero GHG Emlssmns & Low Nonse (Average saving of 624 . q 'f,-r-m; ar)
:,,' & 4 ‘
www.kurt.energy | \‘ Ay 5 . ’
___-g ‘ s \
-n. : B ¢

'Hybrld Power Capacitor

160 kWh 673V 240 Ah ;

Max. power battery: 540 kW *

no BMS, no cooling:

Rechargeabletin 15 minutes
(if charger available)

Kurt.energy develops customer-specific power capacitor batteries
Our customers get trust and a sustainable investment

== 15




Process flow for customer specific solutions

1. Requirements collection:
¢ Understanding the application and the system

¢ Understanding the boundary conditions

2. Feasibility study:
¢ Selecting powercapacitor cell types

¢ Initial battery configuration: (S xP), multi-module, ...

3. Load profile simulations
¢ Beginning of Life - End of Life
* Calendar lifetime calculations

4. cAD design

¢ Enclosure, safety devices, etc.

D. Assembly and test

=r = 16



Kurt.energy division of Altreonic
Questions?
annie.dejonghe@altreonic.com

CEO/CFO
+32 497 53 29 63

eric.verhulst@altreonic.com

CEO/CTO
+32 477 60 83 39
INI & Altreonic NV
VISIt. Gemeentestraat 61A/1
www.kurt.energy 3210 Linden.
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