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Our Battery Range Y/
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ELECTRIC & HYBRID VEHICLES
BATTERIES



Electrochemical Battery for M
Automotive & Motive Power Applications

Type | ST | Ganety | Gonety | Poverdensty | B | oo Qe | e
V) (Wh/kg) | (Wh/L) (W/kg) (%) #) Years

Lead-VLA 2.0 40 90 180 85% 1800 @15
Lead-VRLA 2.0 30 75 180 85% 600 @12
Ni-cadmium 1.2 @60 @150 150 70%-90% 1500 5
NiMH 1.2 @80 @300 @1000 66% 1000 5
LCO 3.6 160 270 1800 99 % 1200 5

NCA 3,6 240 600 1000 98% 3000 +15

. LMS 4,0 140 250 2000 98% 2000 @10
Lion NMC 3.7 215 500 @4000 98 % @8000 +15
LFP 3.2 135 220 @4000 98 % @8000 +15

LTO 2.3 90 160 10000 87-95% @25000 +20
Ni-NaCl 2,6 90 150 170 75% @800 +10

www.midacbatteries.com Power Passion




Different Selected Chemistry for different | M

application
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New NMC
Lithium Polymer
Cell

Coating cathode protection
Long Life: 1500-5000 cycles
Long calendar life: >15y
High energy density

YV V V

www.migacbarieries.com

LiFePO4

Lithium
lron
Phosphate

>  More Safety

> High Power Density: 4000 W/kg

>  Long Life 2000 - 8000 cycles

Plane Shifts
— S . Stress and Strain

—ith In Graphite leading
=N T4 Limited Cycle Life

= 3

* ll]%]

] I Battery
w Charge / Discharge
Cauges......

L ..... No Stress or Strain
| In nLTO Leading to
* Long Cycle Lifa

»  Cycle life (HEV) : >15.000
>  Power density: > 6000W/kg
»  Fast Charger : 60C

continues: 60C peak
»  Temperature : -30; +55 °C
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Chemistry and application
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Power
Density

N

Energy Density
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Selected Chemistry for Different Application M

e

Selected Chemistry for MIDAC Battery Production
Cathode Advanced NMC Advanced LFP NMC LMS
Anode Graphite Graphite LTO Graphite
Electrolyte Poly Poly Poly lon
Nominal Voltage 3,7 3.2 2.3 3,7
Specific Density (Wh/kg) 210 135 90 150
Energy Density (Wh/I) 560 245 180 280
Specific Power(W/kg) 3000 4000 6000 CH 2000
Min Charge Time 30 min 30 min 2 min. 4h
Cycling Life 8000 8000 25000 2000
Calendar Life 15 15 25 10
Security media Molto alta altissima alta
Cost medio Medio altissimo basso
Uses Alta densita di energia:  Dove occorre sicurezza Automotive applicazione a basso

uso dove peso e

volume contano

molto. Veicoli,
Militare, UPS

e alta potenza
Automotive: SLI HEV,
PHEV, BEV.
Stand-by: UPS e peak
sharing,

HEV ,mild hybrid SLI

costo
applicazioni industriali
non esigenti,
traspallet, barche, ecc
ecc
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NEXT LITHIUM TECHNOLOGY
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Why Lithium?: Battery of the Future /%4
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Theoretical maximum energy density of different cell chemistries ———
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Why Lithium?: Battery of the Future /%4

MIDAC
g +3 BATTERIES
Capability is defined to be a
composite of energy,power,
7 |_i JAIr lifetime and safety characteristis.
Cost is not considered in this metric.
Gi LNMSI
S5
= 5
3 LNMT 8 LT0
= 4~
5 LFPT
< 0 VLFP
© 3 -
o LMS NiMH
%7 0 Ni-Cd
. ] LCO PbA
Research Pilot Commercialization
® Pb-Acid @ LiMn204/Graphite (LMS)
® Ni-Cd @ LiMn204/Li4Ti5012 (LTO)
® NIMH _ @ LiMn21.5Ni0.504/Li4Ti5012 (MNS)
@ LiCoO2/Graphite (LCO) @ Li1.2Mn0.6Ni0.202/Graphite (MN)
Li(Ni0.85C00.1Al0.05)02/Graphite (NCA) e LiFePO4/TiO2 (LFPT)
@ LiFePO4/Graphite (LFP) @ LiNi0.5Mn1.504/TiO2 (LNMT)
Li(Ni1/3C01/3Mn1/3)0O2/Graphite (NCM) @ LiNi0.5Mn1.504/Si (LNMSI)
www.midocbatteries.com o Li/Air ower Passion



Specific Energy, Wh/kg

Next Future: Silicon Lithium Cells /%4
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Silicon offers 10x the performance of Carbon
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Specific Power, W/kg

Antimony  Aluminum Tin Germanium  Silicon

Amprius, Panasonic,
ALEC, LG, Samsung
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Next Future: Lithium Sulphur

7/

MIDAC

600Wh/kg Practical Energy
Density
Cheap raw material

Oxis, Eagle Picter, Sion, Batscap ..

Wh/L

Wh/kg

Li/S Li Ion
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EMERGY DENSITY
(Wh/kg)

+IBATTERIES

Advanced
Lithium-ion

Lithium-ion

Lithium-
sulfur

Gasoline
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LITHIUM BATTERY: HOW IS MADE?
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How Is made: Materials Y
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reer) <-o--:
' L = Electron
Current § =
Collettore
Anodo
Grafite Mono-layer Liquido Litio Cobalto Ossido(LCO)
itio manganese Ossido
(€) Liti Ossido(LMO)
Tri-layer o)
Litio Nichel Ossido(LNO) g
Litio Titanato Ceramico Polimerico  Litio Nichel Cobalto Alluminio (NCA) é
(LTO) (Li-Po) Nichel Manganese Cobalto (NMC)
Self-repair

Litio ferro fosfato (LFP)




How is made: Formats Vi
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e e WINDING WINDING
| CONBINED

Arads

Seporoine
v . Caothode _
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How is made: Production Process /#4/
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~ Slurry

vﬁ'

~ Slitting Assembly  Pack Assembly

- Coating  Winding 'Formation
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How is made: Assembly Technologies /4
MIDAC
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Structure of a Lithium-lon Polymer cell

LG Chem @ Common process |: Common process |
~Stacking and Folding" ,Winding* ~Stacking®

"aNo deformation = Deformation, stress on = Deformation
~=» No mechanical pressing req. ' housing and electrodes

@ LG Chem T

www.midacbatieries.com Power Passion




How is made: Battery Pack Components /4

MIDAC
I BATTERIES
1. Scegliere la chimica il formato piu
Cells appropriati
BMS t
/Slgcs)s = 2. Selezionare correttamente le celle per
Thermal realizzare moduli uniformi
Management . 3. BMS affidabile sicuro ed evoluto
>ystem (sicurezza Asil3-4, hardware secondary
Breakers “ protection )
connectors 4. Progettazione Thermal Management
Cables syStem odule
C
Fua::S 5. Ingegneria di sistema (materiali, requisiti <.
normativi, validazione
6. Certificazioni (CE, UN38.3...)

www.midacbatieries.com
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LITHIUM BATTERY
MARKET, COSTS & PROSPECTIVE
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Automotive Lithium Battery per OEM /4
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1,600 -
1,400 -
Quarterly 1,200

battery 1,000
usage by 800

OEMs 600
(MWh) 400
200
O
Battery usage by OEMs in
Q12014
B Ford Motor Company B General Motors B Toyota MotorCorporation W Renault-Nissan Alliance
» Other W TeslaMotors W Hyundai Motor Company

Source: Lux Research, Inc.
www.luxresearchinc.com



Battery Market per Application /4
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Figure 2= LiB market size in 2010 and 2020
USS in bidlions
2 -

HEWEV Consumer Soage nausTa &

I 2010E gy 2020

Sowrce: Compenes, JP. Morgan esimates.
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2009-2029 Lithium Battery Market scenario M
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Exhibit 18 - Estimated Market for Large Format Lithium-lon Batteries ($bn)
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Source: Credit Suisse
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Chart 1.1 Total Lithium lon Transportation Battery Revenue by Region, World Markets: 2012-2020
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2014 US$ per kWh

Cost of Li-ion battery packs in battery electric vehicles

1,800

1,700 - 95% conf interval whole industry
1,600 - X 95% conf interval market leaders
1,500 - Publications, reports and journals +
1,400 - News items with expert statements 0
1300 Log it of news, reports, and journals: 12 £ 6% decline == «

: Additional cost estimates without clear method X
1,200 Market leader, Nissan Motors, Leal @
1,100 Market leader, Tesla Motors, Model S ©
1,000 Other battery electric vehicles ©

900 - Log it of market leaders only: 8 £ 8% decline == =

800 - Log fit of all estimates: 14 £ 6% decline e

700 - Future costs estimated in publications &

600 - <US$150 per KWh goal for commercialization

500 -

400 4

300 4 *

200 4 A !

2005 2010 2015 2020 2025 2030

Year

"Rapidly Falling Costs of Battery Packs for Electric Vehicles,” Nature Cimate Change, 2015




TOTAL RETURN OF OWNERSHIP M?DA%C
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Pb VLA

Round Trip Efficiency

Battery Cost [€/kWh] Life Cycle [%]
(0]

Exchanged energy cost [€/kWh]

100 1500 72% 0,12

Pb VRLA

Round Trip Efficiency

Battery Cost [€/kWh] Life Cycle (%]

Exchanged energy cost [€/kWh]

200 800 72% 0,31

Lithium

Round Trip Efficiency

Battery Cost [€/kWh] Life Cycle (%]
(0]

Exchanged energy cost [€/kWh]

600 3000 96% 0,21

Exchange Energy Cost (E. E. C.) [E/kWh] = 1 kWh Battery cost/n° cycles + (1-h) *
energy cost

Average EU Electrical Energy Cost 2014 = 0,2 [€/kWh]

www.midacbatteries.com Power Passion
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