Electric & Hybrid Electric Vehicles — History, present and future
Based on Debate Articles in Ny Teknik spring 2020

SAAB-veteranerna at SAAB Car Museum — November 17, 2022, at 2:00 p.m.

Urban Kristiansson

* 1963 to ~1992
* ~1993 to ~2022

« 2022

» Public opinions — Threats — Challenges

« ~2023 to ~2063
» Electric cars — The only solution?
« Updated Bonus/Malus that minimizes CO, and is tax neutral
» Hydrogen as Fuel — Are lead times realistic?
« Powertrains vs. Traffic safety & environmental impact
* Future milestones
» Serie-HEVs & EVs reduce CO, the most while supporting mass market customers best
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Birds view 1963 — 2063

1963 to ~1992

Focus on reduction of tailpipe emissions;
HC, NO,, CO & particles

From carburettor to
electronic injection & ignition

~1993 to ~2022

Focus on zero tailpipe emissions;
ZEVs (Zero Emission Vehicles)

Technology development and market
acceptance of electrified propulsion

~2023 to ~2063

Focus (hopefully) on eliminating CO,
based on LCA (Life Cycle Analysis)

Reduce CO, from Well-to-Wheel: i.e.
during production-operation-scrapping
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1963 — ~1992 : Regulation of Tailpipe Emissions

Clean Air Act of 1963 California is a forerunner for emissions legislation

a U.S. federal law
CARB formed in 1967
Signed by Governor Ronald Reagan

EPA — Environmental

Protection Agency

California Tailpipe Emission Reduction [%]

Los Angeles a smoggy day
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From
Volvo Amazon
to
Volvo 850
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1990

~1993 — ~2022 : Milestones

1992
— Volvo launched the ECC

CARB launched the ZEV-mandate
2% 1998 : 10% 2003

Trigger for Electrification of Powertrains

Environmental Concept Car

Purpose:

1997

» Design study for future cars (S80)

GM EV1
Leasing in California & Arizona 1997-2003

Purpose — Kill ZEV-mandate
Ugly & Useless

- Debate post about Serie Hybrid Electric Vehicles (Serie-HEVs) being
the best for the environment and at the same time fulfil customer needs

» Show AB Volvo's internal technical competence (gas turbine)

2014

Toyota Mirai
“The ultimate driving machine”

Serie-HEV with Fuel Cell

Tesla Model S
Sales supported by huge subsidies

Attractive design
Powertrain outperform Internal Combustion Engines (ICEs)

Heavy battery creating significant CO, while produced

1997

Toyota Prius
"Electrified Gearbox” / No electric range

Reduced fuel consumption globally in segment

Proved quality of electric machine, convertors
and batteries

2013

BMW i3 & i3 REX o
Strange BMW design / Not BMW performance ‘

Electric Vehicle / Serie-HEV in combination

Easy to install REX (Range Extender)

with ICE or Fuel Cell

2010-22

All OEMs offers

Overpowered & heavy:
Parallel Hybrid Electric Vehicles
(Parallel-HEVs)

» Electric Vehicles

which fit premium cars
business model where
horsepower counts
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2022, page 1(3)

Examples of public opinion today

The EV optimist

EV powertrains outperform ICE:s

Large batteries take care of range anxiety

The EV pessimist

EV powertrains enable accelerations which decrease road-traffic safety

Large batteries need more child labour in cobalt mines

Number of EV / HEVs in Norway from 1997 to 2013 — Two views.

Electric vehicle fleet (1997-2013)

EV FLEET 1997 - 2013 - PASSENGER CARS + 4 WHEEL MC
0,8% of
total fleet

Big car

producers

taunched Ji
3000EV  cars
owners

Slow but steady growth, national pmduob

cos: £ A rork, Asgrel ot 2013, OFVAS toi
1) Erik Figenbaum, Electromobility in Norway - Roads to the future Sthim 13.03.2014

New battery technologies and renewable energy will
significantly reduce CO, in future battery production

Tesla has a network of high power charging stations

Current Bonus/Malus is the key to fossil-free cars

1 =2,500,000 cars

Total vehicle fleet (1997-2013)

Battery production will create significant CO,
emissions for the foreseeable future

Keep-it-simple and support easy home-charging

Current Bonus/Malus is only a hidden tax
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2022, page 2(3)
Examples of Threats

Acceleration vs. Road safety & Environmental care
» Electrified cars easily accelerate twice as fast as today's cars.

+ How many more fatalities will the increased acceleration cause?
* How many more particles from tire wear will the increased acceleration generate?

Large batteries vs. Energy efficiency & Child labour

A 100 kWh battery weights 500 kg and a 10 kWh battery weights 50 kg.

* How much more energy is needed just to move the large battery compared to the small battery?
* How many more children need to crawl into the mine for the large battery compared to the small battery?

Most threats will be reduced if regulated CO,—reduction is based on Life Cycle Analysis,
and even better,
if regulation also take road safety into consideration.
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2022, page 3(3)
Challenges

Recent years’ Swedish Bonus/Malus:

Achieved results:

* Premium segment has accepted electrified cars.

« Volvo Cars was given a free ticket to develop
competitive powertrains.
Weaknesses:
» Does not primarily focus on reduction of CO,.
Supports over-powered heavy cars creating reduced
road safety and increased environmental load

(accelerations, battery production, road wear, ...).

Will possibly mean a higher price picture for cars when
Bonus/Malus is removed.

EU: New petrol/diesel car sales prohibited from 2035.

* Fuels: Bio-fuels, electricity and hydrogen
* Powertrains: ICE, Parallel-HEV, Serie-HEV & Electric

 How realistic is it?

Wanted focus for a future Bonus/Malus:
The primary goal must be to minimize CO, based on LCA;
not to satisfy special interests,
and at the same time ensure:

« Mass market acceptance of electrified cars

» Cars for rural areas & continuous operation

« That there will not be a price shock on new cars
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~2023 to ~2063
Analysis & Synthesis of Potential Future

» Electric cars — The only solution?
» Updated tax neutral Bonus/Malus that minimizes CO,
* Hydrogen as Fuel — Are lead times realistic?
« Powertrains vs. Traffic safety & environmental impact
* Future milestones

Serie-HEVs & EVs reduce CO, the most while supporting mass market customers best
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[Unit]

Gasoline 95%

Diesel MK1

Etanol E85

Vehicle gas

FAME

HVO - Swedish Mix

Biogas HBK

FC-H2 - Swedish Mix El
Electricity - Swedish Mix
Electricity - EU Mix
Electricity - Global Mix
Electricity - From Solar Cells
Electricity - From Windmills
Electricity - From Nuclear power - Global mix
Electricity - From Nuclear Power - Ringhals
Electricity - From Fossil gas
Electricity - From Cool

Pure gasoline

Pure diesel

Natural Gas

Cert.gas

Pure ethanol

Methangas - Renewable
Methanol - Renewable

Ad 4 4 4 4 4 4 4

[kg CO2¢/liter]
[kg CO2¢/liter]
[kg CO2e/liter]
[kg CO2e/liter]
[kg CO2e/liter]
[kg CO2e/liter]

Y (kg cO2e/liter]

[kg CO2e/kWh]
(kg CO2e/kWh]
[kg CO2e/kWh]
[kg CO2e/kWh]
(kg CO2e/kWh]
[kg CO2e/kWh]
[kg CO2e/kWh]
[kg CO2e/kWh]
(kg CO2e/kWh]
[kg CO2e/kWh]
[kg CO2e/liter]
[kg CO2¢/liter]
[kg CO2e/liter]
[kg CO2e/liter]
[kg CO2e/liter]
(kg CO2e/kWh]
[kg CO2e/liter]

Prime Mover

ICE
Parallel Hybrid
Pure electric

Serial Hybrid with ICE
Serial Hybrid with FC

Fuel

Gasoline / Diesel

HVO - Swedish Mix
Electricity - Swedish Mix
Electricity - Global Mix

Hydrogen - Green

and info about:
o Traffic
* Vehicles
* Components
* Cost/ Price / Profit / Tax
* Bonus / Malus
* Customer/ OEM / State
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Note:
; ~2023 to ~2063 _ Battery replacement is not
Electric cars — The only solution, page 2(2)? included in electrified cars' CO, load.

CO, for different Energy Mixes
Annual mileage 14,500 km, of which 50 days with longer mileage than 100 km. Cars lifespan 17 years.

Kg CO2 . . o Kg CO. . .
during a cars Fuel — Diesel & Swedish electricity mix. during a cars Fuel — Swedish HVO & Global. eIeCFrIC|ty mix.
lifespan Battery manufactured in Asia. lifespan Battery manufactured in Asia.

The reduction obligation in
Sweden is effective,
but unfortunately expensive
and lacking, e.g. HVO

I — (note scales)
. — — 10000

o How many years can —
, the diesel car drive before —

What positive effects
does a Tesla Model S
have in China?

Do the right cars in
40 000 Sweden get bonuses?

l;; |t passes the Tesla Model S ; b 1i—|_\/0 Ps 1; alle [I: \L,ll erie f:Lr; 1[1‘L|I' .U:_Illl l_,:.;:

2 KW . 100 kWh 2 KW 1 N ) 2 S0 kWh 00 kWh
CO,-load from battery production?
B TRerkning W Brukad med svensk eimix = Jtskrotning ETillverkning ® 8rukad med global emix B Utskrotning

« Electricity mix
&

* Vehicle weight

- Battery size

* Fuel type

« PT type © LU Konsult AB

Urban Kristiansson

Conclusion:
To minimize CO, it is not sufficient to
favour EV's alone, not even in Sweden.

Crucial parameters




Combine Car weight, Battery size, Fuel & Power Train
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~2023 to ~2063
Updated Bonus/Malus that minimizes CO, and is tax neutral, page 1(2)

Koldioxidbelastning under bilens livslangd [kg CO2e / bil]

B Tilverkning

B Brukad med svensk elmix =Utskrotning

Influencing parameters

* Vehicle weight
« Battery size
* Fuels
* Power Train

Fibil Elbil
24 kWt S0 kWt 14

] 2 | . . Influencing parameters selected so

States tax incomes are constant

Fuel — Diesel & Swedish electricity mix. Battery manufactured in Asia.

60000
50000
40000
30000
20000
10000

-10000
-20000

Bonus/Malus in SEK from Customer to State vs. Vehicle

Conclusion:

It is possible to support, on a tax
revenue neutral basis, the vehicles
with the lowest CO, emissions

|
Diesel Parallellhybrid Se-id Elbil Elbil Elbil
112 kW 11,2 kWh 18,8 kWh 24 kWh 50 kWh 100 kWh
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~2023 to ~2063

Hydrogen as Fuel — Are lead times realistic to 20357

/ European

Stable Rules for: Low volume Production of: Mass market Acceptance: “EU-Vision” car fleet

« Bonus / Malus + Hydrogen as fuel + Hydrogen as fuel All is fueled

* Fuel taxes * Hydrogen ICE & FC « FC new cars sales by non-

* Refueling infrastructure » Refueling infrastructure * Refueling infrastructure are fueled by fossil
Stepping Stone 1 Stepping Stone 2 Stepping Stone 3 non-fossil fuels fuels

2023

+ 2 year

+ 5 year + 5 year

A N

Advice on strategies for the authorities:

Keep-it-Simple — Focus CO,, not special interests
Encourage domestic production of fuel

Facilitate introduction of Fuel Cells

Avoid one-sided environmental & PT fanatics

2035 ~2063

Conclusion:

From a technical point of view;
it may be possible with hydrogen as fuel to
2035 on a low volume production scale.
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~2023 to ~2063

Powertrains vs. Traffic safety & environmental impact

Criteria's:

Green:
1) CO2 from production, operation and scrapping
2) Increased weights increases fuel consumptionen

3) Acceleration performance invites to repeated "cold starts" and corresponding emissions

Safe:

1) Acceleration performance increases risk for accidents

2) Increased weight makes it more difficult to reduce damages at crashes

3) Complex mechanical structure makes it more difficult to design crash safety

More Green

s

Serial Hybrid - FC

Serial Hybrid - ICE

Parallel Hybrid

Less Safe |+ ICE- BIOGAS || |cE. HyO |—>

More Safe

EV

ICE - FAME

ICE - Gasoline/Diesel
v

Less Green

Conclusion:
Serie-HEVs are
“The preferred Solution”
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~2023 to ~2063
Future milestones

EU fleet average

regulation is
based on LCA

What price level
applies to cars
when the bonus
is phased out?

Fossil fuels
are phased
out

Hydrogen &
electricity are the
primary energy
carriers

Fuel cells will be
cheaper than ICE:s

Product cost comparison of ICE:
Parallel-HEV vs. Serie-HEV
gives a ratio of:

~3:1

Product cost for battery

have stabilized in the
$65-100/kWh range

Convenient
inductive
home
charging is
dominating

* |ICE - Traditional

Powertrain options:

Parallel-HEV with ICE
Serie-HEV with ICE
Serie-HEV with FC

» Electric

Toyota Mirai
A forerunner to

“The ultimate driving machine”
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~2023 to ~2063

Serie-HEVs & EVs reduce CO, the most while supporting mass market customers best

LCA CO,-load from existing cars
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Note — Serie-HEVs
with a smaller battery
can handle most
people's electrification
needs

Assumed battery system cost 1000

SEK/kWh

Probable sales volumes
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Thank You for Listening
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