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The E-Bus Market

« Mainly city buses
- No need for a long driving range (300km satisfying)
- High pollution and noise are in the cities
- No need for public charging infrastructure
- Run 20 hours a day (Drive more, save more)
- Easy to penetrate — One customer buy many buses
- Charge during night when electricity cost is low

« Minor interconnecting city buses
- Battery swapping as bus battery fast charglng IS not ready
- Few projects in China | i




China - The Main E-Bus Market

« China is currently the world leader in electric buses

« 90 percent of the world E-buses Are made in China

« 75 percent of E-Bus batteries are made in China

* More than 97% of these buses use LFP batteries

* Li-lon cells to be used in E-Bus batteries in China should be
made in China only (White list — Practically only Chinese).

 There are already 400,000 E-Buses on the road in China

Source: ITRI



E-Bus Grid Charging Impact

* E-buses charged during night when there is an extra
electricity production capabilities in a low cost

« The problem - City buses central stations need to serve high
number of E-buses Charging in parallel during night. Difficult
for electricity utilities to provide the electricity infrastructure
needed

« Potential solutions
- Large booster batteries

PowerBooster

for EV Charging Station

D -

Parallel E-Bus charging, Bus
central station, Haifa, Israel

ADS TEC battery booster, Germany



E-Bus Battery Market Drivers

E-Bus battery market grow fast (~10% CGAR
realistic)

Growing interest in E-Mobility (Pollution, Climate Change, Qll
cost, Noise reduction, Jobs creation, Traffic jam reduction,
Green image).

Battery performance improvement (Energy density, Cycle life,
Safety, Fast charging) + cost reduction.

Lower total cost of ownership TCO over diesel buses (Health
care cost...).

Increasing support worldwide for electric public transportation
except China — But in China subsidies will may be cut in mid
2019 in half and require 135Wh/kg Pack Level for receiving a
subsidy.

No need for public charging infrastructure.

XALT # Energy



E-Buses Battery World Demand
Drlvmg the Li-lon Battery Market

E-Bus battery average size is 250kWh — Equivalent to ~
25,000 mobile phone batteries

« 2018 China E-Bus battery production was estimated by ITRI
as 23GWh

« World E-Bus battery sales including China during 2018
estimated as ~25GWh

« Total E-Bus battery production during 2018 is ~22-24% from
world Li-lon battery production

« These number expected to grow in the coming years
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E-Bus - Battery Requirements

High voltage (up to 800V)

High energy for BEBus and power density for HEBus
Modular and scalable

10-15 years of operation (Minimum of 3000 cycles)
Highly safe

Liquid thermal management

Environmental rating (IP67 up to IP6K9K)

Automotive certification (USABC, IEC, SAE, UN 38.3)

Competitive cost

Xalt modular
E-Bus Battery

Leclanche E-Bus Battery



E-Bus Batteries - LFP

« LFP is the current main E-Bus battery technology

« Manufactured in China and subsidies by the government
« Safer — Rarely explode or catch fire in a case of a crash
* Long service and cycle life if properly cooled

* No rare earth materials (No Cobalt)

* Environmentally friendly — No toxic materials

* Lower $/Wh cost then NMC
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E-Bus Batteries - NMC

NMC is the superior E-Bus battery cathode technology

China subsidies should support Higher energy density
batteries for the E-Bus market (>115 Wh/kg today) — Wil
support future movement to NMC

Xalt Energy (USA) is leading the E-Bus NMC cells technology
market performance

- Full automatic cell manufacturing process

- 232 Wh/kg (63Ah Gen 2 Cell level)

- 3.7V high nominal voltage (3.2V LFP, 2.3V LTO)

- More than 3500 cycles (100% DOD)

- Stacking technology (Support high energy and high power)
- Comnetitive cost —

XALT 4 Energy

Quality and Robust Technology

« Prismatic pouch style cell

heat dissipation



E-Bus Batteries - LTO

« Mainly for fast charging buses (Opportunity charging) or
Trolley buses

« Manufactured in Japan, China, Germany and USA

« Typical battery size — 60-120kWh

* High discharge power

« Can be charge to 80% capacity within 5 min

« Safer than other chemistries

* Long service and cycle life ( ~15-60K)

* Operate well in low temperatures (-30 C)

But

« \Very poor energy density

« Higher $/Wh cost than LFP & NMC but more competitive
when cost calculated per cycle life

* Currently pilot scale projects




E-Bus Cell Technology
Comparison

Max Battery Pack Voltage
Cell Nominal Capacity
Pack Energy Density
100kWh system weight
Number of cycles 100% DOD
Operating temperature
range
Charging Temperature

Range

System cost comparison per
kWh (Estimation)

60/120/240 Ah

150 Whikg
666 kg
3000-4000

-20t0 55 C

Oto45C

50%

800V
60/100 Ah
85 Wh/kg

1175 kg

>=3600
-20to 55 ¢

0-45C

45%

46/60Ah
56 Whikg

1785 kg

15,000-60,000

-30to 55 C

-30to 55 C

100%



E-Bus Super Capacitors

- over 100 busses in use from
2006.

- Economically competitive to
Diesel or CNG busses.

- 20 kWh power train travel
10-15 miles without recharging.

- Line 26 in Shanghai —= 10 KM - 12
charging stations

Ultracapacitor Module

Power Management
System
(balance circuit)

Thermal Management Syster
(temp control and alarm)




China Top 9 E-Bus Cells and
Battery Packs Manufacturers
(MWh orders - 2018)

CATL http://www.catlbattery.com/ LFP, NMC
http://mww.byd.com LFP, NMC
Guoxuan High-Tech GHT http://gotion.com.cn/ LFP
http://www.zhyle.com/ LFP

National Battery http://www.nationalpower.com.cn/ LFP, NMC
http://www.microvast.com.cn/ LTO
http://www.lishen.com.cn/ LFP, NMC

CALB http://www.calb.cn/ LFP



Top E-Bus Cells and Battery
Packs Manufacturers out of
China (Alphabetic Order)

Company Name Web-Site Technology

Electrovaya (Canada) http://electrovaya.com/ NMC
Enerdel (USA) https://enerdel.com NMC

Leclanche (Germany) http://www.leclanche.com NMC
LG Chem (Korea, USA) http://www.lgchem.com NMC

Samsung SDI (Korea) http://www.samsungsdi.com NMC
Sk Innovation (Korea) http://eng.skinnovation.com NMC

Toshiba (Japan) http://www.scib.jp LTO
Xalt Energy (USA) https://www.xaltenergy.com/ LTO, NMC



BYD (LFP)
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Toshiba (LTO)

SCiB™ Cell Lineup
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Category
Dimension

Weight

Nominal
Capacity

Voltage

http://www.scib.jp
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116 x 106 x 116 x 106 x 63 x 97 x 16x106x 2

22 mm 22mm 14 mm 22mm e
5159 550g 150 g 510g
20 Ah 23 Ah 2.9 Ah 10Ah
23V 23V 24V 2.4V

TOSHIBA

Leading Innovation >>>



Xalt Energy (LTO, NMC)

https://www.xaltenergy.com/ XALT/ Energy



BMZ GmbH
Second Use E-Bus Battery
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ESS Customized

Prismatic EV module

Nominal Energy: 4,15 kWh

Nominal Voltage: 44,2 V
Capacity: 94 Ah (Samsung cell)

Developed in accordance with: UN38.3, UE Directives

.+60°C

°C

Charging and discharging temperature: -25
Charging / Discharging C-rate: 1C / 2.5C

Depth of Discharge: 100%
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storage solutions for stationary

Individual lithium-ion energy
applications.
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THE INNOVATION GROUP

[lwww.bmz-group.com
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New Innovative E-Bus Battery
Technology

New Li-lon Extra High Energy Density Battery

with Revolutionary Vacuum Fixation Technology

https://www.obrist-powertrain.com/ 9p§5!A§I




Design Features
 Revolutionary Vacuum Fixation Technology that leads to:

o low weight with extreme specific energy density values

o low cost and flexible battery pack design (cylindrical or pouch cells)
o efficient air cooling system

o fewer battery pack parts for improved cost and reliability

o improved battery pack safety due to rigid construction

o rugged design for challenging environments (IP69k certification)

= Thermal insulation for independence from ambient conditions (extends service life)

« Battery Management System with wireless voltage sensing (improved reliability)

« (Can be designed from low (48VDC) to high voltage (1200VDC)

*  Universal battery that can be customized per customer demand (modular design)

Module aluminum housing works as a temperature heat sink, eliminating internal heat exchangers

Potential Applications
 Automotive, truck, bus, heavy-duty transportation, electric aviation, marine
- PHEV, HEV, BEV

Vacuum Fixation Technology Air Cooling System




Technical Details PHEV (cylindrical)

» Samsung INR18650-30Q (3000mAh)

* Energy: 17.3kWh (100s16p)

+ Nominal voltage: 360VDC (420V-240V)

+ Continuous charge power: 26kW

+ Continuous discharge power: 110kW (200kW pulse)
+ Battery Dimensions: 1017 x 359 x 166mm

+ Battery Weight: 98kg

* Module energy densities: 203Wh/kg, 446Wh/l

Technical Details BEV (cylindrical)

* LG INR18650-MJ1 (3500mAh)

« Energy: 20.2kWh (100s16p)

* Nominal voltage: 360VDC (420V-240V)

+ Continuous charge power: 10.1kW

+ Continuous discharge power: 60kW

+ Battery Dimensions: 1017 x 359 x 166mm

+ Battery Weight: 103kg

* Module energy densities: 224Wh/kg, 520Wh/1

Technical Details BEV (pouch)

* Customized (140mAh)

* Module Energy: 7.05kWh (14s1p)

* Module Nominal voltage: 50VDC (59V-34V)

« Continuous charge power: 3.5kW

» Continuous discharge power: 21kW

« Battery Dimensions: 559 x 2234 x 103mm

« Battery Weight: 30.5kg

* Module energy densities: 231Wh/kg, 527Wh/I




E-Marine Battery Market

E-Marine market have the same characteristics like the E-Bus
market and we expect similar grow at that segment in the
coming years




Automatic

EVShield by Lehavot
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Fire Protection System

Automatic Fire Suppression System (AFSS) for Electric Driven Buses

Roof Battery Cluster

N Agent.. Generator

Detector
Lehavot or driver's {

ENVIRONMENT-
FRIENDLY

COOLING EFFECT X
FOR QUICK AND
SAFE
PASSENGERS
EVACUATION
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Electrical Cabinet

Peripherals
Variety

+ Optional BMS connectivity

Rear Battery Cluster

Event-Driven, CANbus
based architecture
allowing circular data
flow between all Nodes

Plug&Play Detection and
Suppression components of any
kind in order to Scale-Up or Down.

thus increasing oE e
Reliability and " i e, T T
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Interactive Drag&Drop HSI
for quick and easy start-up
and maintenance.

[ehavot

Advanced fire protection systems



Summary

E-Bus battery market is expected to grow faster than E-
Vehicle battery market

Since E-Bus batteries are large batteries they have a large
effect on Li-lon battery total world production

Current market is dominant by LFP but changing to NMC
China is leading in that market but USA and Europe expect to
fill up the gap within 5-10 years
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Information for presentation obtained by:
1. Public web sources.

2. Shmuel De-Leon Battery/Energy Sources DataBase ® (Includes 29000 cell PDF data
sheets ) http://www.sdle.co.il/Default.asp?sType=0&Paqgeld=45580
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