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Transportation Post Pandemic

Monthly Change in Transportation Indexes
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* Private vehicle sales resilient
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Global electric-light-vehicle sales Global electric-light-vehicle Electric-vehicle
by region, % share sales by region, million units growth, %
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Electric Vehicles

* Electric vehicles appear to be ks
H Toyota's Solid-State Battery Prototype Could Be an EV
stagnating oMM e eoresemns SOlid State Batteries:
- Safer

however... - 3 - Fast charging

: - Cheaper

. N .

1. EV .technology advancing |- Better in colc

rapidly weather

g - Longer range

https://www.motortrend.com/news/toyota-solid-state-battery-ev-2021/
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Electric Vehicles

» Electric vehicles appear to be
stagnating

however...
EV technology advancing
rapidly
Significant investment in
EVs by market, OEMs
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Timeline of strategic OEM targets for EVs

Tesla: China plant

production be%ins
with capacity of
.5m EV's a year

JLR: Toinvest
£1bn to build
electric cars in the

SAIC/VW:

Invest $2.33bn in
two separate
Chinese electric
vehicle players

2020

Toyota/BYD:
Joint venture
to develop

pure EVs

BYD and Hino
Sign a strategic
business alliance
agreement for
commercial BEVS
development

BMW: Elecm'fz
European market -
25% by 2021; 1m
EVs on road by
2021

2021

Toyota: targets
30k EV sales

Mazda: releases
first EV

Fiat Chrysler:
30 new battery-

powered or hybrid

vehicles by 2022
60% of carsin

or fully electric

Renault-
Nissan-
Mitsubishi:

12 electrified
and 8 pure EVs
inrange; 42% of

European sales to

be EVs by 2022
(Nissan)

EuroFe to be hybrid

’ VW Group:

| 25% global sales

. tobe electric; Up to

| 3m BEVs annually

. by 2025, including
1.5m by the VW

I brand

‘ Toyota: Target of

I 5.5m total EV
salesand .5m
i sales in 2025

@ B Elecriy

. European market -
| 33% by 2025

@ BMW: Electrify
| European market -
. 50% by 2030

|

@ Mazda: Al models
| EVs/hybrids by
. early 2030s

. |
@BMw:25tvsin - @ GM: ~Imgobal  @Honda: 2/3rd of

| range by 2023

. EVsales by 2025

| global sales EVs

—Q-~Q-~Q

Honda: Al
European
mainstream
models to be
electrified by
2022 (instead
of 2025)

Ford: 40 EVs
in‘global
portfolio’; To
invest$11.5bn
on EV models
by 2022

GM: ‘On track @

tomeet20 EV .
models target
by2023 |

VW Group: @

1m EVsales

Volvo: Reach @
1m total EVsales |
by2025EVsto -
represent 50% of |
global sales .

Hyundai: @

To invest $87bn
in vehicle
electrification by
2025; EVrange to
expand to 44
models by 2025;
Ta rFeI 0f 670k
annual EV sales by
2025

VW Group:
70 new electric |
models by 2028
instead of the 50
previous\f planned;
40% global sales
to be electric by
2030

Daimler: @
EVstomakeup -
more than 50% |

of sales .

|
GM: Cadillacto be @
majority EV

https://www2.deloitte.com/us/en/insights/focus/future-of-

mobility/electric-vehicle-trends-2030.html
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Electric Vehicles Xcel Energy is charging ahead with $110M

electric vehicle plan

* Electric vehicles appear to be EEIEEREERALES (= || @ oo
stagnating

however...
1. EV technology advancing
rapidly
2. Significant investment in
EVs by market, OEMs

3. Substantial infrastructure
investment

https://www.bizjournals.com/denver/news/2020/12/24/xcel-energy-
electric-vehicle-plan-colorado.html
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Engines still have a role

 |nterim electrification strategies
involve hybridization (they use
engines)

« Engines can reduce GHG
emissions
— Hybridization schemes

— Higher efficiency

— Increased use of E-fuels and biofuels

« Ethanol production more renewable than in
the past (43% reduction from gasoline)

* MN produces 1.2 billion gallons of
ethanol/yr

Hybrid powertrain
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Summary Points

* Post-pandemic transportation environment will see
increased personal vehicle sales (light-med. duty)

« Connectivity, automation, and electrification are major
technological trends

 Electric vehicles appear stagnant, but significant
iInvestment and technological advances will accelerate
consumer acceptance

« Efficient engines with E-fuels and biofuels (including
ethanol) will play a role in future electrified vehicles

TR &u‘rphy:gﬁiﬁe

Researgh Laborgtory



Thank You!

Contact:

Will Northrop

Associate Professor

Director, T.E. Murphy Engine Research Lab
2811 Weeks Ave. SE, Minneapolis
wnorthro@umn.edu

(612) 625 6854
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