(Ae s AL A pa

03

dadla

e G5 05A 3 ad s 5oddine B pae la g A )3 I Dl — e sla s 5k

5 Clhadiie 4S 3 )l dsa s ab 580 b il gl atd) o 38 )8 saldinl 3 ) ga (B ia))
D el (5] 5 L peadie 48 Allune &) 58l (3l (S omsiid sl (5 L 2l gl Ll (5 IS
sl Al a0 B ealdiial G 3V (L. el o3 Gy ¢ aalS) 5LE QW8 (8 dilas &) 53l

O 2 a8 B llat (63 S o YL G a4y (g el a3iid St o 8 Jil) 2 (e
538 ool (5 b g 5l W Gnosd 5 W GaSly 3 (s S e (8 AT 480 50 Lgiae
Sy Gy saal () ) saldinl oy yhy

) el 5 ) (sledlw 5o (B sla 55058 (i ) G el sla (5 il 2Bl s RS
5 Sl it 5 b Cud b L B 5058 Ulilay DMBe ) ) 5 (A slas s 0 b b
coddi ol Ll ) JSd 2 aS Hehailes adliaS (55 5 aaa 5 ab ) Cud k)b Al s L 1A
aliia G L ) (s Bl et 5 cana Blal Sl aa) e sid W L 50 65 Al

Volumetric Energy Density (Wh/L)

400 pr—r——

50 F

350
300
250
200
150

100 F

Smaller Size

Lighter Weight
——

Fad BN re AT |

50 100 150 200
Specific Energy Density (Wh/kg)

250

NGIT AT



a8 i calibe sl ()l (50258 St alaa ) ) mlia 5 (A a8 il o 5V A5Gl K3
S5 sn 3 el (5 Sl ealiiud 5 cal ) L 2L38Ge 358 Juin s | e b 1 (S5 ik
5005 bl il oy R e il (5 50 CuiS 5 il 5 5 oSeda GV i A e B
adaa Sl ol saly s ﬁ)dﬁ)d})&ﬁ&&jﬂﬁ‘)ﬁm}_) ih»ydm"haﬁgdg‘sé‘).t
(L) A4S jae (518 g sh A () ) alun B i) A58 R AT )3 W 5 3 5a AS 3 gdia

2 gline 031 e 68 Hlaidl 4y AS cid g (B 5 3 B s

Domination of
Gasoline cars

p— (1924-1960)

| First : |
Internal . i i ! J»Gasoline cars !
Combustion | gasoline ! dominate Market | Limited First
Engineson | | powered i || Producti generation
Fuel Gas , car #EV disappear , on OfEV of EV

@ ! . = ! ! Ry o
1769 1806 13:60 1893 1912 1924 1950 19$0 1970 1980 1990 2000 2020>

¥ A 4 ¥ ¥ 4 $ g

Origin of first Peak Not Concept, Incorporate Hybrids
Steam successful Produ one EV Prototype technology eclipse EV
Engines gasﬂriven ction at Auto and advanceinto and
engine of EV show serious EV design increasing
: ] design of level as gas
i EV supplies
| I | demand
: Golden Age of : :
Electric Vehicle ' :
(1890-1924)

Figure 3: Historical development of automobile and development of interest and activity in the EV from 1890 to present day.

Electric Vehicle merged into hybrid electric vehicle. [1]
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Picture: Lohner-Porsche Electric Coupe, year 1899




Picture: german electric car, year 1904
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Fig. 3. London Electrical Cab Company’s taxi. Courtesy of Scientific American, Supplement;
photo courtesy of History of the Electric Automobile [11].
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Fig. 9. GE charging station with a Baker EV in the early 1900s.
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Electric Mobility:
Europe Races Ahead

Countries with the highest share of plug-in electric vehicles
in new passenger car sales in 2020°

vorwey & I - 5+
Iceland 45 _ 45.0%
Sweden &{p _ 32.2%
Netherlands & _ 24.9%
Finland 4= [ 18.1%
Denmark 4p - 16.4% %
Switzerland € - 14.3%
Portugal €@ - 13.5%
Germany @ - 13.5%
Luxembourg & - 11.4%
France () - 11.3%
Belgium () - 10.7%
United Kingdom £ - 10.7%
Austria o - 9.5%
Ireland ¢ ) - 7.4%
china @ [ 6.2%
United States & I 2.3%

* including plug-in hybrids and light vehicles, excluding commercial vehicles
Sources: ACEA, CAAM, EV-Volumes
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FIGURE 2
Outlook for annual global passenger-car and light-duty vehicle sales, to 2030

p25 B sl g0 sa ) oalitul 4 e gee el (i & Celh aS Cad Vo ales ) )3 se

-

S

W Global ICE m Global BEV m Global PHEV EV share

100 100%

50% o

0%

Global passenger car and light duty
vehicle sales (in millions)
~N v ~
w =] w
S ——wwes ==
1 I
2 I
3 I
4 I
5 I
6 |
7 |
8 | I
9 I
|
2021 I
2022 [N
\
X |
2029 N N
2030
~N ~
w w
ES ES
Global market share

b . S A - O

2020
2023
2024
2025
2026
2027
2028

Lasas a3 ya g4l Cual 80 L (Rai¥T o g U1 43 s agae (AT ) Jae ¢ IS Hshay -
O G505 Olsie 4o Ll S aS (85 sla g 5058 il sl Guluaa Lo 52V &) il 4y Cass
i JSie Gl 6 8l (295 49 635 03 3 o (zero emission vehicles) Sy

i) SV Gl clla o 48 it e 55058 Lol (B sl s -

Caagd gl ol 48 el (B yiad (sl 5058 ) S sl g 058 i pala Ja sy -
Caad a0 e 350n gl (5 L 4S Gl R il (gl Caed I 50 e
OF a5l 2l Jal e 53 el slea il sl (s w2 JSIS ) (B 550058
Y2650 ) et (5 5L Sy Caa dpdie sy ) IS 048 jshailer ol dalS g
2018 Jlw o e ludl 5 S 5 o) 0 ;YA 176 42013 Jle o e ludl g oS 5 (5l
Sl 03 S Ay halS



Lithium-ion battery price survey: pack and cell split

real 2018 $/kWh
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577
Pack 204
185
373
124 288
Cell 78 214
176
64
. .
2013 | 2014 2015 | 2016 2017 2018

Source: BloombergNEF
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Electric Cars Will Win on Price
Faling battery prices undercut gasoline cars by mid-2020s
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Name Commissioning | Energy Power | Duration Type Country
Date (MWh) (MW) (hours)
Alamitos Energy January 2021 400 100 4 Lithium-ion USA
Gateway Energy August 2020 250 250 1 Lithium-ion USA
Hornsdale Power December 2017 193 150 Lithium-ion Australia
Escondido Substa. February 2017 120 30 4 Lithium-ion USA
Pomona Substa. January 2017 80 20 4 Lithium-ion USA
Mira Loma Substa. January 2017 80 20 4 Lithium-ion USA
Tesla Solar Plant March 2017 52 13 5 Lithium-ion USA
Stocking Pelham July 2018 50 50 1 Lithium-ion England
Jardelund June 2018 50 48 1 Lithium-ion Germany
Minamisoma February 2016 40 40 1 Lithium-ion Japan
Buzen Substa. March 2016 300 50 6 Sodium-sulphur Japan
Rokkasho Aomori May 2008 245 34 7 Sodium-sulphur Japan
BESS Alaska November 2003 6.25 25 0.25 Nickel-Cad. USA
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