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Solar panel costs have fallen by around 20% for every doubling of
global cumualtive capacity

Costs are measured in US dollars per Watt, adjusted for inflation.
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BNEF calculates that solar and wind are now the cheapest sources of new electricity in 82%
of the world for new electricity and in 57% of the world for existing electricity (where new re-
newables can outcompete existing fossil fuel assets).'” Because renewable costs keep falling,
the share of the world where the economics of renewables are superior will rise.'®
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Figure 9: Expected solar and wind costs at different learning rates, $3/MWh
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Figure 4: Annual additions of key renewable technologies
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Figure 15: Global share of electricity generation by source
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Energy-Charts Powerv Energyv Emissionsv Climatev Pricesv Scenariosv Map Infoswv

Net electricity generation in Germany in week 18 2021
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Fig. 3: Schematic model of corrugation ridge formation along the ice-sheet grounding
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Global EV and FCV four-wheeler sales
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m Battery electric Plug-in hybrid = Fuel cell
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September 2024 Norway Passenger Auto Registrations

PHEV
1.1%

Total EVs
97.5%

H{ Bl : CleanTechnica

BEV

Newly registered alternative fuelled (BEV, PHEV, H2, LPG, CNG, LNG)
passenger cars as a percentage of the total number of registrations
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Annual decrease ratios
Previous analyses: 0.088-0.29

Representative: 0.14 (Cyl.), 0.13 (All)
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Fig. 2 Reported lithium-ion cell price series and projections based on
simple extrapolation to demonstrate the consequences of data uncertainty.
The lithiitim-ion cell nrice ner enerav canacitv ceries inclilded here were

Micah S. Ziegler and Jessika E. Trancik: Energy Environ. Sci., 2021, 14, 1635
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The price of solar modules declined by 99.6% since 1976 [tk

Price per Watt of solar photovoltaics (PV) modules (logarithmic axis)
The prices are adjusted for inflation and presented in 2019 US-$.

$100 ™

$50

With each doubling of installed capacity the price
of solar modules dropped on average by 20.2%.
This is the learning rate of solar modules.
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T
™ IL‘;\iE
CEL
$10 NN ﬁg J: 75\ J X !
44= 411
e Tz A
. -
2009K\ HE }t \ <
o L s HEI1BLVD
N
. .
— i =R
3 S S S S S
$0.5 = —
N ExEEIC
2MW  SMW 20MW 50MW : . .
1MW 10 MW 100 MW 1,000 MW 10,000 MW 100,000 MW ™. = ﬂé Izk (i (gﬁ é 2@2
=1.000000Watt  cymulative installed solar PV capacity (logarithmic axis) ) '
Data: Lafond et al. (2017) and IRENA Database; the reported learning rate is an average over several
studies reported by de La Tour et al (2013) in Energy. The rate has remained very similar since then. Licensed under CC-BY

OurWorldinData.org - Research and data to make progress against the world’s largest problems. by the author Max Roser
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(REBDHBEVEHLLITIEEB/ZEREV) Global passenger and commercial ZEV fleet to 2040,

various outlooks
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September 2024 EV sales: o san
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Market drivers
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Battery manufacturing capacityhas -~

increased 31% since 2022

Lithium-ion cell manufacturing capacity by plant location

Gigawatt-hours
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Battery manufacturing capacity is growing steadily to meet
demand from the EV market.

There is currently 2.2 terawatt-hours (TWh) per year of
commissioned lithium-ion battery-manufacturing capacity
globally. This is double the capacity that existed just two years
ago, and nearly four times the capacity in 2020.

Although China still dominates globally, the US has more than
doubled its battery production capacity in less than a year.

By 2025, total capacity would jump threefold, to 7.4TWh/year, if
all projects planned and under construction were to be
delivered.

China will continue to be the largest lithium-ion battery
manufacturer over this time horizon, but the IRA has fueled
new cell manufacturing announcements in the US. Some of
this has been at Europe’s expense.

The US is set to grow its share of global capacity from 4% in
2022 and 8% in 2023 to 10% in 2025, driven by many more
recent announcements since iRA’s passage.

Europe’s share has dropped from 10% in 2022 to 8% in 2023.

Source: BloombergNEF. Note: Data for 2023 includes facilities commissioned up to October 24, 2023; an additional 1,565GWh is under construction or announced with
planned commissioning by end of 2023. “Other” includes capacity outside of the regions indicated. 2025 capacity based on current announcements without de-risking.

40 Zero-Emission Vehicles Factbook |
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Net emission reductions from electric cars and
heat pumps in 59 world regions over time
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BEV FCV E-fuel+ Ty

¥ Trucks: direct electrification most efficient by far
jTL_, O) %E: jj Direct electrification Hydrogen Power-to-liquid Power-to-methane

2020 2050 2020 2050 2020 2050 2020 2050
(BIrZ)

100% renewable electricity 100% renewable electricity 100% renewable electricity 100% renewable electricity

Electrolysis

€O, air-capture and
FT-synthesis/
methanation

Transportation,
storage
and distribution

$ ﬁ ' :*ﬁ B:E Fuel pl;q",dg:::::;
LB = |

Charging
equipment

[— Well to tank —|

Battery
charge efficiency

]

H, to electricity
conversion

Inversion DC/AC

/7 Tank to wheel

Engine/motor
efficiency
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Overall efficiency

33% ¢/ 23% 220/, 7

Notes: Efficiency rates of long-haul HGVs, To be understood as approximate mean values taking into account different production methods. Direct electrification represents both BEVs running

on batteries and/or overhead catenaries. Hydrogen includes onboard fuel compression, while power-to-methane includes fuel liquefaction. Assuming same engine efficiency for diesel and
dual-fuel HPDI gas vehicles. Excluding mechanical losses.

== TRANSPORT & w B @ [m Sources: Worldbank (2014), Apostolaki-losifidou et al. (2017), Peters et al. (2017), Larmanie et al. (2012), Umweltbundesamt (2019),
I_ ENVIRONMENT @ transportenvironment.org National Research Council (2013}, Ricardo Energy & Environment (2020), Delgado et al. (2017).

Figure 7: Conversion efficiencies of the different vehicle technologies

https:/ /www.transportenvironment.org/wp-
content/uploads/2021/07/2021_04_TE_how_to_decarbonise_long_haul_trucking_in_Germany_final.pdf
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And our findings showed that range anxiety is a
barrier but rapid charging is one of several solutions

High level results of our analysis from the 45 sources we reviewed

o Hypotheses Results of our research What consumers say
1
Hypothesis 1 EV owners'... m[‘
= do not consider range anxiety an issue for themselves?
The perceived inability Hypothesis 1 was + cite environmental motivations as the main driver behind

proven, w'it|t1 per'::etit\:ed their adoption of BEVs? ’ ﬂ&ﬁ%)\ 0) A —G [I
range anxiety, whether a g ﬂ e s
coniumer m;’th or areal !\lon EV owners... rﬂﬁff\j’%‘,ﬁﬁ %EJ /\O) Z:ib\

cite a lack of geographical coverage of charging

to complete any journey
in the UK as
conveniently as in an

ICE is a major barrier to issue, a universally. infrastructure (in relation to perceived range anxiety) as a Eﬁ /-\ ;E 7'—__ &') 6 5 % EE 1;%
EV uptake acknowledged barrier to maijor barrier? " - Y3

EV uptake for non-EV + have a number of other concerns in purchasing an EV of

drivers equal, if not greater importance, including high EV sticker

price, a lack of model choice and availability of vehicles*

.l « say that improved charging times would improve their 75‘s 5% E FE_ % E E

EV charging experience the most?

Rapid chargers are an The research indicates
effective method of that the presence of
: ) : el i Non-EV owners... ﬂ)
improving perceptions rapid chargers would e . et o
that EVs can complete go some way to enilios Aprover Goograp ce SOy Srage oF S1ape
g . U i points as the most effective solution to perceived range
any Jo"_mey in the UK as addressing the_ . anxiety with 15 of 45 sources reviewed confirming this*
conveniently as an ICE SLALHE O.f existing « suggest that rapid charging could also alleviate range
and potential EV anxiety, however fewer sources reviewed (7 of 45) identified
owners. this as the most or one of the most effective methods®
Consumer Research Rapid Charging Notes: 1) EV Owners being owners of BEV with 100+km range; 2) EVBox, Norsk Elbinforening, Element Energy; 3) May 2019

ZapMap, AA, RAC, RAC Foundation, Confused.com, OVO Energy, AutoTrader and others 4) Baringa, OVO Energy, 13

PG Sttegy8, In ansoclalion with AA, RAC Foundation, ZapMap and others 5) Baringa, AutoTrader, AA, Automotive World and others

Complete Strategy

H# : pwc, Consumer Research into Rapid Charging, May 2019
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Range of launched and upcoming BEV models, by launch year
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Maximum charging capability of selected BEV models,
by year of launch
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e Launched Vehicle price range:  $10-20k #®$20-40k # $40-80k ® $80k+
BNEF, Zero-Emission Vehicles Factbook, December 2023
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GAC Aion V Can Charge 0-80% In 8 Minutes At Almost 500 kW | 1". ‘
If the numbers prove accurate, then that's almost as quick as filling up a gas car with fuel. 1 ‘ | = :
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https:/ /www.electrive.com/2024/06/ 13/ catl-and-byd-are-
https://insideevs.com/news/526536/gac-aionv-ultra- fast chargmg/ working-on-batteties-with-a-6¢-charge-rate/
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LEERBIREEBED SV TIXFCVMAE FIZE AR BEMESE A DN HHN 1], 52 - P B TIEIBEVAE
FEROGNTWNAST=O[1][2]. BEVEBAU IS T HEIZ, T5EKRAMVTTEEELTHLRERH
FSU OB RIZESTIARMIMIEH., fERIEREMEBEVIZE S AIRETE[2-4] 0

INAFBRFLPe-fucl (BB EN BN, IRAME TEREM TV EDFER2][4].
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[1] https://www.nrel.gov/docs/fy220sti/82081.pdf .
[2] https://www.nature.com/articles/s41928-021-00706-6 | Somiaint | We—"
[3] https://www.nature.com/articles/s41467-021-27247-y Hydrogen technology is unlikely to play a major
[4] https://www.transportenvironment.org/wp-content/uploads role in sustainable road transport

2022/02/2022 02 batterv electric_trucks HDV faCtSbCCt.pdf.pdf Technical and economic developments in battery and fast-charging technologies could soon make fuel cell electric

vehicles, which run on hydrogen, superfluous in road transport.
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Three power categories for heavy-duty vehicle charging (eg below 350 kW, 350-500 kW and above
500 kW) should be established.

The table below shows a possible share of the required charging points in the different power
categories to enable the operation of the expected vehicle fleet.

Public and destination charging points (EU27 + UK)

Currently available Needed by 2025 Needed by 2030

% 1,000 5,000
DC <350 kW (CCS) <10 (4,000)* (40,000)**

DC 350 kW (CCS)*** 0 12,000 15,000
DC >500 kW (MCS) 0 2,000 30,000

* As of May 2021

** Required overnight chargers if charging points with 350/>500KW are not equipped to deliver lower-power at night or

overnight parking is not possible

*%* These should allow upgrades to megawatt charging (MCS, >goo kW) as soon as standard definition is available

In order to enable long-haul operations, high-power charging stations with at least 350 kW - but
focussing on megawatt charging (MCS) above 500 kW — must be rolled-out. The technical
specifications of MCS are currently being defined but it needs to be highlighted that the operation
of long-haul battery electric trucks will require this level of high-power charging. The revised AFID
should require at least one high-power charging station with a minimum of four charging points
every 100 km by 2025, and at least one site every 50 km by 2030 on the TEN-T core network. At
least one charging point per station has to be accessible for coaches.

https:/ /www.acea.auto/ files/ ACEA_Position_Paper-Heavy-
duty_vehicles-Charging and_refuelling infrastructure.pdf
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