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About Eternity Technologies

Founded in 2011 by Al Dobowi Group in Ras Al Khaimah UAE under leadership of
Dr Mark Stevenson, Eternity Technologies is one of the fastest growing industrial
battery companies. With state of the art global and regional manufacturing
locations, Eternity Technologies is now having 2 major factories in United Arab
Emirates but also operations in Germany, Spain, USA, Chile and South Africa to
best serve the Motive and Reserve power markets. The company sells to over a
100 countries worldwide offering a wide range of industrial batteries and services

Our Vision :
To become the Preferred Industrial Battery Manufacturer

Our Mission:
To deliver the most Reliable, Sustainable and Available Battery Solutions to the
industrial battery market.

POWER FOR How we do it :

TOMORROW Our products are made to Last longer and to have the Minimum Carbon Footprint .
We have a unique global and regional manufacturing operation which allows us to

To DAY have the Best Flexibility and Delivery Leadtime in the industry.




We operate under Two Business Units

Motive Power Reserve Power
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To Serve Logistics , Warehousing and Mobility Applications : To Serve Energy Storage , Back Up Power and Stationary Applications :
. Forklift
. Pallet trucks . Telecom
. AGV . UPS
. Ground support equipment ’ Power Stations
. Cleaning Machines ’ Oil & Gas
. . . Renewable

. Marine & Leisure .

heelchai if . Railway
. Wheelchairs & golf carts . Defense




Our 2 Main Factories in UAE

Location : Ras Al Khaimah (RAK) Location : Jebel Ali, TechnoPark (Dubai)

Production and R&D centre Production centre

Company formed in 2010 Company formed in 2019

Plant area — 10,000 sq meters Plant Area — 10,000 sq. meter

Factory Manpower — 350 Manufacturing 6V & 12V Bloc and FT Carbon Batteries —and

other specialised products
Current capacity 1,800,000 2V cells per annum — Motive
Currently extending operations to increase capacity to 500,000

blocs by the end of 2024

Power & Reserve Power



We have a unique Manufacturing / Assembly Set up

Nordics

UK Germany

Spain

France '\
pISA /f_\’\ UAE

SN

India

Singapore

S.America
S.Africa

Head office & global operations
Sales office

@ Regional manufacturing facilities



Manufacturing & Certifications

Product & Process designs developed from European The factory meets the most stringent, international
technology: standards for:

Occuphtional
Health & Safety

Health & safety ( 1so "=
45001

= All production machines & processes procured from European

suppliers & to world-class technology levels

ization
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9001

= All specialised materials & components procured from Europe

] ] ) " Environmental Management :
= High degree of local sourcing for raw materials 150 14001

B
. . ISO
] Accredited laboratories {1}%

. Eternity is member of EUROBAT
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Why Lead Acid Battery ?

Lead Batteries Reign as Top Recycled Product

IIRRER Recycling Rates
' in the United States

LITHIUM-ION
BATTERIES
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The Role of Eternity Batteries in Sustainable Circular Economy

Unlike other battery chemistries, all major components of Eternity lead acid battery (lead, plastic, and electrolyte) can be recycled and
reused to make new batteries. They are the most recycled product in the world with an enviable 99% recycling rate...

A N STEP1:
Manufacturing
®,

STEP5: STEP 2:
Sourcing & Materials Batteryinuse
Efficiency

STEP4: STEP 3:

99% recycling rate Collection of battery



Reserve Power - Lead Acid Battery Range

Flooded Deep Cycle

OPzS Standby OPzS Solar
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Voltage: 2V Voltage : 2V
Capacity: 100 — 3250Ah  Capacity: 160 — 4550Ah

OGi Bloc

Voltage : 6V & 12V
Capacity: 25 — 300Ah

VRLA Gel Deep Cycle

OPzV Standby OPzV Solar
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Voltage : 2V
Capacity: 140 — 4250Ah

Voltage : 2V
Capacity: 100 — 3250Ah

Gel Solar Bloc ETB FT

Voltage : 6V & 12V
Capacity: 55 — Voltage : 12V
300Ah Capacity: 100 — 200Ah

VRLA Carbon Nano

Quasar Gel
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Voltage: 6V & 12V
Capacity: 81 — 361Ah

Quasar FT

Technology: Thin Tube Carbon Nano
Voltage: 2V
Capacity: 500-3000Ah

Voltage : 12V
Capacity: 100 — 200Ah



Our Roadmap is including Lithium and Premium Lead Acid
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Our Reserve Power Markets

Telecom Industrial Renewable

u Core Networks / Switch Sites = Power Plants, Power Stations, Substation - Energy Storage Solutions
- Solar Base Stations = Industry automation - Home Solar / Residential
- Hybrid Genset = Railway - Mini Grid

= Remote / Bad Grid Sites = Oil, Gas Industries

= Submarine Cable Stations = UPS




Over 500 MWh of Solar Batteries installed in 2022-23 !

Full OffGrid Solar Telecom Site

Turkey

Western Algeria
Sahara gera

Eritrea
Sudan
Mauritania
Niger
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Our Reference list is expanding
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We keep expanding our 2V OPZV/S range

Eternity We have now the largest range of 2V
OPzV & OPzS totalling 128 models

OPzV Solar: 10 new models have been added totalling 32 models
from 140ah to 4250Ah

OPzV Standby: 10 new models have been added totalling 32
ranges from 100 to 3250Ah

OPzS Solar: 10 new models have been added totalling 32 ranges
from 160 to 4550Ah

OPzV Standby: 10 new models have been added totalling 32
ranges from 100 to 3250Ah

Largest OPzV & OPzS Rangein
themarket And aunique OPZS Dry / Moist Process




OPZV/S Solar Range
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OPZV/S Easy Installation into Solar BattBox




QSRV Range — 2V Thin Tube Lead Carbon

High Rate Discharge would allow more
power faster

( CNT )
TECHNOLOGY

Eternity

QUASAR

CARBON NANO Of

. 2X Fast Charge vs standard battery

CARBONNANG

High Rate PSOC Compatibility would
allow to operate your battery at partial state
of charge

TRNOENTEEETeEEL OSSN

ooooooo

. High Temperature performance makes it
ideal for many outdoor applications
Carbon Nanotube Technology

delivers greater charge

. v" > 20 Year Design Life
acceptance and longer life vs / Shelflife up to 2Years
conventional lead acid batteries ¥ Enhanced Cycle life > 3500 cycles

" Increased Battery Life

D =@ ) F



Thin Tube Lead Carbon Technology

Negative plate made with Carbon Nanotube
(CNT) Technology

CNT ( Carbon Nanotube ) Technology is a modern
alternative to activated carbon / Graphene. Carbon
Nanotubes increase the negative plates fast charge
capability. The Carbon Nanotubes work as
conductors to the charging current and accepts
charge easily with little resistance

Positive plate with Thin Tube technology

The Quasar positive plate consists of 24 thin
tubes (vs 18 in conventional lead acid tubular
positive plates). This results in better high rate
discharge performance and greater energy
density which equates to increased power and
longer running times

= Enhances Consistency of Performance

= Improves Charge Acceptance and Discharge
performance

= Increases Cycle Life

= Enables Partial State of Charge Operations
(PSOCQ)

= |Improves Thermal Operational Ranges



QSRV Range Summary

QSRVRange

Thin Tube Lead CarbonBattery

HIGH |

ON DEMAND™

Rated capacity Ah

Box & lid

Design

Current

Temperature

Hare @C10 material Life Sl Limit Range GEes
QSRV500 500 ABS 20years | 2years 04C -40+55C >3500 Cycle @50% DOD
QSRV800 800 ABS 20year | 2years 04cC -40+55C >3500 Cycle @50% DOD
QSRV1000 1000 ABS 20year | 2years 04cC -40+55C >3500 Cycle @50% DOD
QSRV1200 1200 ABS 20year | 2years 04cC -40+55C >3500 Cycle @50% DOD
QSRV1500 1500 ABS 20year | 2years 04cC -40+55C >3500 Cycle @50% DOD
QSRV2000 2000 ABS 20year | 2years 04C -40+55C >3500 Cycle @50% DOD
QSRV2500 2500 ABS 20year | 2years 04cC -40+55C >3500 Cycle @50% DOD
QSRV3000 3000 ABS 20year 2years 04C -40+55C >3500 Cycle @50% DOD
QSRV3500 3500 ABS 20year | 2years 04cC -40+55C >3500 Cycle @50% DOD
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NEW! QUASAR - Carbon Nano Gel Battery

Eternity

QSR200FT | :

Carbon Nanotube Technology
delivers greater charge acceptance
and longer life vs conventional lead
acid batteries

< CNT >
TECHNOLOGY

& e @ ) b

Deep Discharge Resilience. Gel
Technology design would allow good
recovery from full discharge

3X Fast Charge vs standard battery.

High Cyclic PSOC Compatible would
deliver exceptional cyclic performance
even in Partial state of charge

High Temperature performance makes it
ideal for many outdoor applications

Battery Life
Design life of 15Year
v" Shelf life up to 2Years
v" Enhanced Cycle life > 2000 cycles @ 50%



Eternity Technologies uses
patented Carbon Nano Tube
in its specific battery pasting
process.

It creates a network of
individual nanotubes allowing
for electrons to flow with
minimal resistance, as well
as reinforcing the plates,
adding lasting strength and
durability

Enhances Consistency of
Performance

Improves Charge Acceptance
Increases Cycle Life

Enables Partial State of Charge
Operations (PSOC)

Improves Thermal Operational
Ranges



Our fast Charge Behaviour can be as fast as Lithium!

120,0

100,0

80,0

60,0

SOC %

40,0

20,0

0,0

Recharge Behavior SOC%vs Duration - @ 2.4vpc - Current 2 x110,4 x110 and 6 x 110
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Test Report / Cycle Performance

High Temperature @ High Cyclic Battery Test QUASAR Front Terminal Batteries
Gel Carbon 12V Battery Installation & Operating Guide

ssnd 11,000
Cycle Life of QUASAR-FT @25°C
e 10,500 @ A 10000
10.000 ‘w { .
. | 8000
9.500 | ® A
- ' ® | [T ﬂ — Ul (Optimum Charge)
2% 9.000 e 5 = IU (Standard Charge)
EE 5
w
8.500 Q
i
8.000 —‘.‘ g
5
@ H
7.500
@rocscccacanae @occsscncacne @eccecancaace Pecarcrcccnce @eoreoglececc@ 2000
7.000 {
0 500 1000 1500 2000 2500 3000
o
CVC|es 20 25 30 35 40 as 50 55 60 65 70 75 80

DEPTH OF DISCHARGE IN %

= High Temp + High Cyclic Test completed in
USA 3rd Party Test Lab delivering over 2000
Cycles @ 30% DOD @ 50C



Our 2 Ranges : Gel and Gel Carbon

ETBRange QUASAR' FTRange

VRLA Gel Front Terminal Battery VRLA Gel CarbonNano Battery




Competition - Benchmark

Hemork P » . SNB

Sonnenschein PowerCycle
Technical data, Applications, Dimensions

, particularty for amerging markets whars power supply in-

= Addvancad grid dosign for longer Mo at high temperatures:
upto 5 years at 40°C in float operation {20 years &t 20°C)

> Fast charging - high avallabilty

> Exceptional cyclic performance: 1,800 cycies at 80%
depth of discharge (G10, 20°C)

> Wide operating temperature range: ~40°C 16 455°C

» Exclent performance in Partil State of Gharge (PSOC)"
‘operation and rough operating conditions

> Durable Polypropytens container

> Front terminal design with handies - Easy installaion and

.

> Lowest energy consumption
> Maintenance free - no topping-up

Technical characteristics and data

Nem. | Gagasty wen Welt | il
wgs | =y o nssmics

i

4TG0 85T
0102 yeas o8 20°C without echarge

Sonnenschein

ey cuatsaton chargng recessary

afe
V Front Terminal
Telecommunications

Battery Range Summary

The PowerSate®  Front Termin range of Valve Reguisted Lead

PPL TECHNOLOGY

(Thin Plate Pure Lead)

‘T\low UPGRADED TO
T
\

applications that damand the highest evels of securty and
reiabilty. T new PowerSate V Front Terminalpltfor now

provides extanded shol Ife,lower corosion and gas evolution
Designed to meet the mostrigorous intemationalstandards,

S ———

[ —— Ener

PowerSafe V Front Terminal basaries dfiver suparior pecormance
whie occupying ess $pace than convertionsl sandby power
batteries. A range of compact designs, suitabe for 19" and 23"

Wath il electical connections at th fro,instalstion and
Inspaction are both quicker and easer

PowerSsfe V Front Terminal bssiariesare designed using praven

-
water ackition by controling the evolution o hyckogen and oxygen
during charging. Oxygen evolved st the posiv plstes difuses

« Front terminal conections for ast 3nd
easy instalation and maintenance

+ Sultable for 19" and 23" racking

= ULS4 V0 flamo rotardant case and id

« Oneyoar shef e

RESERVE
POWER / USITRS AB Sy 2016

Narthszs:r

a0 EaerSys company

NSB BLUE+ Battery
Thin Plate Lead Carbon

The NSB ery
delivers ultra fast recharge
xceptional PSoC

ormance

ande

northstarbattery.com




2 models with a very strong Cost vs Performance positioning

Higher cost, high TCO focus

= Very good performance
(high-temp, high cyclic
and/or ultra fast re-charge)
and quality for very
challenging environments

Performance Medium cost, TCO focus " <
A Y
Good performance and S
quality for semi-challenging o
environments o
= Low cost, capex focus S
. a o L N
calcium I.Derfor.mange and quality in N S
line with price level N N
\ -~

Cost



QUASAR FT Range Benchmark

QUASAR FT
=

Enersys Powersafe

5

Enersys SBS

R

sy

NSB Blue

P

Exide Powercycle

Technology

VRLA GEL

VRLA GEL CARBON
NANO

VRLA TPPL

VRLA TPPL

VRLA TPLC

VRLA GEL CARBON

Cycle Life

1000 @50% DOD

>2000 cycles @ 50%
DOD

800@ 50% DOD

1800 @ 50%DOD

2000@ 50% DOD

1600 cycles @ 60% DOD

Storage/Shelf Life

2 year shelf life @
20°C

2 year shelf life @
20°C

2 year shelf life @
20°C

2 year shelf life

2 year shelf life @ 20°C

2 year shelf life @ 20°C
Without recharge

15 years (up to 20

Design Life > 12 years EUROBAT Year with Catalyst) > 12 years EUROBAT 15 year @ 20°C 12 Years 20 years

High Temp Life 3years @ 40°C 5 yearsca@?alz;(;c with 3 Year @40c 4-5 Year @40C Max 4 Year 5 y§Z§s@@4gS(3c' 20
Recharge Time 4-12H Fast Charge 2-6H 4-12H Fast Charge 2-6H 2-4H No Fast Charge
Operating temperature -40 — +50°C -40 — +55°C -30-45C -40 — +50°C -40 — +55°C -40 - +55°C
Max current 0.2C 0.4C 0.5C 0.5c Unlimited

PSOC Operation No Yes No Yes Yes Yes

Deep Cycling Yes Yes No No YES Yes




170-200 NEW Box Design — FT
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Range and Availability

ETB100FT 12 VRLA Gel Battery ,100Ah@C10 ABS Plastic Q1 2024
ETB155FT 12 VRLA Gel Battery 155Ah@C10 ABS Plastic ORDER NOW
- Z ETB170FT 12 VRLA Gel Battery 170Ah@C10 ABS Plastic ORDER NOW
S ETB190FT 12 VRLA Gel Battery 190Ah@C10 ABS Plastic ORDER NOW
Moty ETB200FT 12 VRLA Gel Battery 200Ah@C10 ABS Plastic ORDER NOW
QSR200FT ETB100FTV 12 VRLA Gel Battery 100Ah@C10 ABS VO Plastic Q1 2024
ETB155FTV 12 VRLA Gel Battery 155Ah@C10 ABS V0 Plastic ORDER NOW
ETB170FTV 12 VRLA Gel Battery 170Ah@C10 ABS VO Plastic ORDER NOW
ETB190FTV 12 VRLA Gel Battery 190Ah@C10 ABS VO Plastic ORDER NOW
ETB200FTV 12 VRLA Gel Battery 200Ah@C10 ABS VO Plastic ORDER NOW
QSR100FT 12 VRLA Gel Carbon Battery 100Ah@C10 ABS Plastic Q1 2024
QSR155FT 12 VRLA Gel Carbon Battery 155Ah@C10 ABS Plastic ORDER NOW
QSR170FT 12 VRLA Gel Carbon Battery 170Ah@C10 ABS Plastic ORDER NOW
QSR190FT 12 VRLA Gel Carbon Battery 190Ah@C10 ABS Plastic ORDER NOW
QSR200FT 12 VRLA Gel Carbon Battery 200Ah@C10 ABS Plastic ORDER NOW
QSR100FTVO 12 VRLA Gel Carbon Battery 100Ah@C10 ABS VO Plastic | Q1 2024
QSR155FTVO 12 VRLA Gel Carbon Battery 155Ah@C10 ABS VO Plastic | ORDER NOW
QSR170FTVO 12 VRLA Gel Carbon Battery 170Ah@C10 ABS VO Plastic | ORDER NOW
QSR190FTVO 12 VRLA Gel Carbon Battery 190Ah@C10 ABS VO Plastic | ORDER NOW
QSR200FTVO 12 VRLA Gel Carbon Battery 200Ah@C10 ABS VO Plastic | ORDER NOW
(“h Accessories Pricin
i y
) ICOPPER RIGID CONNECTOR WITH INSULATION FOR
LINK100FT 100AH FRONT TERMINAL BATTERY AVAILABLE NOW
ICOPPER RIGID CONNECTOR WITH INSULATION FOR
| LINK200FT 155/170/200AH FRONT TERMINAL BATTERY IAVAILABLE NOW
ICOPPER TERMINAL ADAPTERS FOR FRONT
ITERMINAL BATTERY
FT-ADAPTX2 ( 2x per battery ) JAVAILABLE NOW

Packaging Pricin
x4 Crate Individual crate packing to include 48V Battery string




Example of a 48V Battery String Installation

12V 200ah 48V 200ah Battery + Insulation covers + Venting tube /
Monobloc string with intercell Degassing kit
Link + DC

Connection



Packing / Container Load — Up to 672 Batteries per 20 Feet container!

Front terminal 155/170/200Ah batteries

20 feet container 1130*820 pallet(Maximum 28 no's 14 bottom+14 top pallets) considering maximum batteries accommodation

Top view

5900mm (20 feet container internal length)

Bottom pallet
12 X 2 layers = 24 nos

ternal width)
———

Enlarged view /

2352mm (20 feet cont
T

Front view Side view
f Total No. of
Battery Type Blocs
FT 100AH 672
g FT 155AH 456
E FT 170AH 420
g FT 200AH 360




Documentation

QUASAR FT Brochure QUASAR FT Datasheets

w2 Eternity

A global leader in the industrial battery
market providi rid-class products
for Motive Power and Reserve Power
applications.
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QUASAR FT Installation Manual m QUASAR FT Labels o
QUASAR Front Terminal Batteries QSRZOOFT
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Documentation

FT Brochure

A global leader in the industrial battery
market providing world-class products
for Motive Power and Reserve Power
applications.

Eternity

POWER FOR TOMORROW TODAY

FT Labels

Installation Manual

FT Datasheets

ETB200OFT
VRLA Gel Fromt Terminal Batiery

©o Eternity

ETB20OFT

'VRLA GEL FRONT TERMINAL BATTERY

[re——

=== 400000000

POWER FOR TOMORROW
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NEW!

IBUE-48100 Lithium Battery

VE'

o e

IBUE-48100 LFP 19” 2U 100Ah

BB

Ultra compact 2U 4.8KWh

European design

First 2U 19" LFP Design in the market
Easy expansion with auto address
assignment

Technology : Lithium Iron Phosphate
(LFP) Prismatic cell design

Advanced Battery Management System
with Dual Safety layer Over Charge
protection & Anti Theft functions

Remote real-time monitor of battery
SoC/SoH/Alarms

Battery Life
Design life of 15 Year -
Cycle life > 4000 cycles @ 80%

100% Standard Compliance
Electrical Safety, EMC, ROHS, CE,
Transportation. US/UL Certified



Eternity Technologies & Lithium

= Eternity Technologies have signed a strategic Partnership Agreement to Produce and distribute
Premium Lithium modules

= R&D and Product support will be in Europe

= Eternity Technologies Lithium Modules will be produced in China or assembled in one of our Eternity
Factories ( USA, Europe, UAE)
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We are introducing Premium Lithium 48V Module

Standard Lithium product

Eternity Premium Lithium

1K
o— §

PEEO®Q

1200mm height, 19” power cabinet

75% more energy
100 Ah 4U vs. 2U LFP batteries

700Ah/48V

400Ah/48V




Eternity Lithium Battery Range

= 19-inch design and unique outlook
=  Easy and safe install, up to 16 in parallel
= Anti-theft feature

=  Easy expansion with auto address assignment
during parallel connection

= Natural heat dissipation design
=  Remote real-time monitoring
=  Max discharge current 100A

= Current limit function if higher charge current
than 50A

IBUE-48100 (100 Ah) 2U

ol ;¢

IBUE-48150 (150 Ah) 3.5U

.!

IBUE-48200 (200 Ah) 4.5U

b




Battery Design

'S unnlmlnngmmmnmm,f-fg;s

Battery cell

BMS
Supervision and control
Anti-theft alarm (>30° tilt)

Front panel
Anti corrosion



Specification Summary

IBUE-48100 |IHUE-4815U IBUE-48200 Common

Lithium chemistry [LFP] Lithium Iron Phosphate
Mominal voltage 4av
Rated capacity 100 150 200 Ah (@ 25°C)
Rated energy 4800 7200 9a00 Wh
Cycle life < 4000 [Cycles @ 25°C, 80% DOD)
Calendar life =15 years
Communication interface R5485
Cabinet rack size 2U | 3.5U | 45U (appr.) [197

Width 483 (4486) mm
Dimensions Heigth 875 | 162 [ 200 [mm

Depth 550 (460.5) mm
Protection level IP20
Weight 396 | 58 | s0appr. |ke
Standard (Maximum) charge voltage 54.0V(54.75V)
Maximum charge current 50 A
Charge current limit function 104
Maximum discharge current 100 A
End of discharge voltage 405V
Charge temperature 0*C to 455°C
Discharge temperature -20°C to +55°C
Storage temperature -20°C to +55°C

CB IEC/EM 62368-1, IEC/EN 62619
EMC ETSI EN 300 386 (<3 m cables)
Standards CE EMC Directive 2014/30/EU
RoHS Directive 2011/65/EU
Transport UMN38.3




Compliance — Safety Standards

IEC 62619 Safety cells/batteries for industrial applications
IEC 62368-1 Electrical safety
ETSI 300386 EMOC, safety

CE RoHS Directive 2011/65/EU
UN 38.3 DG Transportation

ETSI 300 386 EMC IEC 62368-1 IEC 62619 ROSH UN 38.8

IBUE-48100 will be UL 1973 ed. 3 certified during Q1 2024.



Eternity Lithium is based on World first 2U LFP Module

78mm

220mm

TECHNICAL SPECIFICATION

Cell type

AC internal resistance (AC 1kHZ)
Rated voltage
Rated capacity

Standard charge method

Rated
Charge current

Cut-off voltage
Discharge -

MAX continuous current
Discharge Rated (0.5C)

capacity

Standards

IFP5422078-100Ah
Lithium Iron Phosphate (LFP)
220*54*79 (WDH, mm)
1.9+/-0.15kg
0.20~0.60 mQ
3.2V
100Ah
CC-CV, 0.5C, 3.65V, 5A cut-off
S50A
100A
2.5V, T=0°C
2.0V T=0°C
100A
2100Ah
>100Ah
26000 cycles, 0.5CC/1CD, 25°C
IEC62619, UL1973, UL9540A, UN38.3



Cycle tests

=  The testis done with max
charge/discharge current, this
to speed up the test result. A
lower current, 0.2CC/0.5CD

will enhance number of cycles.

=  To only charge the battery to
80% will prolong cycle life.

Capacity Retention/%

Cycle Performance (0.5CC/1CD)

1000 2000 3000 4000 5000 6000

Cycle Number

100% DoD test




Cycle life vs DoD

9000
8000
7000
6000
5000
4000
3000
2000
1000

20

30

40

CYCLES

50 60

70

80

90

100

DoD  Cycles
20 7813
40 6250
60 5000
80 4000
100 3000
EoL 80% SoH

0.5C Charge current
1C Discharge current



Charge/discharge curves

Battery charging at different rate
56,00

52,00

'y

Voltage (V)
=Y
0
8

0,0 20,0 40,0 60,0 80,0

Capacity (Ah)

25°C

—0.2CC
——0.5CC
1cc

100,0 120,0

Voltage (W)

W
i

48V100Ah 2U Discharge at different rates(25°C)

49.00 60.00 B0.00 100.0:0

Capacity (ah)

120.00




Battery aging due to temperature

Years Design life
20

15

10

20 25 30 35 40 45 50 55 60°c




BMS

= 125ACB

= Individual cell voltage and overall voltage detection,
overcharge and over-discharge alarm and
protection.

=  Core high and low temperature alarm and protection
functions, MOS high temperature alarm and
protection functions, and environment high and low
temperature alarm functions

= Short circuit protection function, reverse connection
protection function

=  SOC, SOH estimation function

=  Tilt angle anti-theft function

=  RS485 communication interface

=  CAN automatic address assignment function
= Secondary protection function




Communication

Modbus:

Module Voltage Value/100 | (540=54.5)V

Module Current Value/10 (100=10)A

Module Temperature |Value/10 (240=24)°C

State of Health Value/1 %

State of Charge WValue/1l Ah

Impedance Value/1 mQOhm

Time left Value/1 Minutes

Ah Charged WValue *100 | Ah

Ah Discharged Value *100 | Ah

No of Discharge cycle|Value/1 MNone

Mo of Charge cycles |Value/1 None
1=Alarm

Alarms O=Normal | None
1=Warning

Warnings 0=Normal | None
0=No

Status 1=Yes None

Dry Contacts:

DO1[
DO2[

DO1 Open: Normal operation;
Close: Alarm for abnormal discharge (End of discharge,
over-current, over-temperature, short circuit)

DO2 Open: Normal operation;

Close: HW faults, such as MOS, NTC, AFE, etc




Connection strategies

Neg. cable

© 2
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Pos. cable

Busbar for low current applications
(<200A)
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-._an T I

Common connection point and
individual cables for high current
applications



One of the best LFP Energy Density in the market

Comparison of Different
Lithium-ion cells

amm| P es==NMC NCA LMO e===|CO

Specific
Energy

Life Span Specific Power

Cost Performance

250

200

150

100

50

Wh/lit

224

99

QSR100FT IBUE-48100
Wh/lit

177

Polarium 100Ah




Lithium Safety

= All Lithium batteries rely on the BMS to
protect against operation outside the safe
parameters, mainly voltage and
temperature.

= If the BMS fails, our battery has a second
layer protection that disconnect the battery
from the system.

= If the second layer protection fails, LFP is
by design much less prone to go into
thermal runaway and if so with much less
intensity compare with NMC as LFP not
generates any oxygen during the process.

Temperature °C

300

Thermal Runaway

Cathode Active Material Breakdown
Oxygen Release and Ignition
Possible Venting

Exothermic Breakdown of Electrolyte
Release of Flammable Gases
Pressure and Temperature Increase
Separator Melts

200
No Fires Yet

Breakdown of SEI Layer
100 :
Temperature Rise

Copper Anode

. Lithium Plating Durin
Dissolves 9 9

Charging
Capacity Loss

athode Breakdown Overheating

0 Short Circuit

Lithium Plating During Charging

0 2 4 6
Cell Voltage (V)



Aging of Li-ion batteries

=  The warmer, the more parasitic side reactions. Rule of thumb, half the life every 20°C rise of ambient
temperature. Charging is not allowed above 45°C.

=  The higher charge voltage, the faster the decay of capacity.

= High charge current the whole recharge will reduce cycle life.

=  Charging in sub-zero temperature risks metal plating of Lithium, could create short circuit.
=  Discharge below end voltage can dissolve copper from Anode, could cause short circuit.



Lithium Pros and Cons

= Thrive partial charged

= Excellent cycle life

=  Long float life

= Will send alarm if faulty

=  Can send SoC/SoH values Northbound

=  Same Capacity independent on
discharge rate

The BMS will disconnect any discharge above 100A.

Multiple of batteries need reduced current capability
due to risk of uneven current sharing.

Electronics in BMS is a source of failure.

BMS must be protected against too high voltage
surges.

No charging in subzero temperature

No charging above 45°C

Need protection against moist, dust and salt mist.
Return shipment of faulty batteries is problematic
Recycling processes are unmature



POWER FOR TOMORROW TODAY

55
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