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U.S. energy consumption (1776-2020)

percentage of total
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Key Elements in a
Vehicle

i

POWERTRAIN/
PROPULSION SYSTEM

A propulsion system or
powertrain is the ensemble of
components that produce the
motive force to push an object

forward

THE OHIO STATE UNIVERSITY
CENTER FOR AUTOMOTIVE RESEARCH

ENERGY STORAGE
SYSTEM

Energy Storage Systems refer to
equipment that can store
various types of energy to

power the propulsion system



Power
Technologies

At the beginning of the
20t Century most
vehicles’ power
technologies were already
available

THE OHIO STATE UNIVERSITY
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STEAM ENGINE

Invented in 1712 by T. Newcomen and
improved by J. Wattin 1765. In 1900 steam
cars were produce by “Locomobile” and

“Stanley Motor Carriage Company” in the
United States.

INTERNAL COMBUSTION ENGINE (ICE)

In 1876, Nicolaus Otto patented the first
four-stroke cycle engine. In 1879, Karl
Benz patented a reliable two-stroke gasoline

engine. In 1892, Rudolf Diesel developed the
first compression ignition engine.

ELECTRIC MOTOR

T. Davenport invented the first battery-
powered electric motor in 1834. The first DC
motor was invented by F. J. Sprague in

1886. In 1888, Nikola Tesla patented his AC
induction motor.



LIQUID FUELS

In 1891, the Shukhov cracking process became
the world's first commercial method to break

down heavier hydrocarbons in crude oil to
increase the percentage of lighter products.

BATTERIES

ltalian physicist A. Volta built and described
the first electrochemical battery in 1800. The
first mass-produced model dry cell was

Energy Storage
Technologies

Similarly, most energy
storage technologies

were first invented in marketed by the National Carbon Company in
1896.

the 18t and 19t

Centuries

THE OHIO STATE UNIVERSITY
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What Makes a Fuel Good
for Transportation? Power Density (W/kg)

Energy Density:

The amount of energy contained in a specific
quantity (mass or volume) of material. It
mostly controls the vehicle range.

Power Density:

The power density, in the units of power per
unit mass, designates the maximum power
that can be supplied (infout) of the power unit
per unit weight. It controls the vehicle
performance.

Energy Density (Wh/kg)

THE OHIO STATE UNIVERSITY 6
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Why IC Engine and Fossil Fuels?

The internal
combustion engine
still today has the
best combination of
specific energy and
power

THE OHIO STATE UNIVERSITY
CENTER FOR AUTOMOTIVE RESEARCH
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History of Energy Consumption in USA

Energy consumption in the United States (1776-2020) =
quadrillion British thermal units Cla
100 ?
fossil fuel share
79% in 2020
80
petroleum
60
natural
40 s
nonfossil fuel
share
s
20 21% \lArI\InZGOZO
| biofuels
wood UGl hydroelectricity
. all other
0 renewables
1776 1850 1900 1950 2020
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History of Energy Consumption in USA

U.S. energy consumption (1776-2020)

percentage of total eia)
100%
90%
80% petroleum
70%
60%
50%
40% natural gas fossil fuel share
: wood 79% in 2020
30% nonfossil fuel
share
20% 21% in 2020
wind
10% biofuels
hydroelectricity
0% all other
1776 1850 1900 1950 2020 renewables
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United States’ Energy Use in 2011

Estimated U.S. Energy Use in 2011: ~97.3 Quads B Lawrence Livenmore

National Laboratory

Net Electricity

Solar Imports

{ 0.158

Nuclear Electricity L 26.6
8.26 . Generation E
3.15 39.2 \ Rejected
; . Energy
Hyd A 55.6

’ 0.0175

3.17

Wind 1.17 | S—
1.17 0.163, Reslldle:tlal

/
/

\0.0197 (3 e
Commercial
8.59

Industrial
23.6

Trans-
portation
27.0

Petroleum

Source: LLNL 2012. Data is based on DOE/EIA-0384(2011), October, 2012. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.” The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of ¢ 1its due to ind: dent rounding. LLNL-MI-410527
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A Decade Later ... United States’ Energy Use in 2022

i .S. ioni : . M Lawrence Livermore

Estimated U.S. Energy Consumption in 2022: 100.3 Quads | b rkaebleh
Net Electricity

lmponsm

14

Nuclear
8.05

Hydro
2.31

Rejected
Energy
67.3

Y - Residential
Wind - ) — 123
3.84 4

Geothermal
0.21 Commercial
9.57

Natural Gas
334

Industrial

26.7 Energy
Services

33.0

Petroleum
35.8

Source: LLNL July, 2023. Data is based on DOE/EIA SEDS (2021). If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory and the
Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA reporta sumption of
renewsble rescurces (i.e., hydro, wind, geothermal and solar) for electr y in BfU-equivalent values by assuming a typical fossil fuel plant heat rate. The efficiency of electrici ction i3
calculated as the total retail electricity delivered divided by the primary energy & into electricity generation. End use efficiency is estimated as 0.65% for the residential se. €5 for

the commercial sector, 0.49% for the industrial sector, and 0.21% for the t

srtation

ctor. Totals may not equal sum of components due to indep Rounding. LLNL-MI-410!




Snapshot Today

U.S. primary energy consumption by energy source, 2021

total = 97.33 quadrillion total = 12.16 quadrillion Btu
British thermal units (Btu)

e 2% - geothermal

nuclear 12% - solar
electric

power
8% coal

1% 19% - hydroelectric
0
petroleum
36%
renewable o
energy 12% 27% - wind

4% - biomass waste |

19% - biofuels biomass
natural 40%

gas

32%
17% - wood

Data source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1,
/.-w April 2022, preliminary data
€la’ Note: Sum of components may not equal 100% because of independent rounding.
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Snapshot Today
2019 U.S. GHG EMISSIONS

49% Light Duty Vehicles Transportation

- accounts for
33% of US GHG

emissions

Buildings

22%

Industry Transportation

21% Medium & Heavy Vehicles
(including Trucks and Buses)

' 10% Off Road Vehicles and Equipment
& 2%Rai

' 3% Maritime
‘ 11% Aviation

4% Other (Pipeline/Military/Lubricants)

25%

Electric Power

Source: THE U.S. NATIONAL BLUEPRINT FOR TRANSPORTATION DECARBONIZATION A Joint Strategy to Transform Transportation, 2023,
https://www.energy.gov/eere/us-national-blueprint-transportation-decarbonization-joint-strategy-transform-transportation. 13

THE OHIO STATE UNIVERSITY
CENTER FOR AUTOMOTIVE RESEARCH



Primary Energy Consumption in Europe

Europe’s energy import is 5 times higher than the renewable production
What is the solution of energy import for the future?

EU primary energy EU primary energy

local / imports consumption
Year 2017 — 1,678 Mtoe -
LR
EREE
11l
11 % Nuclear energy -
o [+ L 1
a EENEEER
% Renewable energy EEE msEmEEEEEES
CERCEARUDEBRAGEI D
~56 % Import e
SEEEEEE ENEEN
gmmo Em EER
L 1] ] n
75 % Fossil
6 % Wind / Solar
2 [
44 % Local 3 % Biomass
5 % Hydropower

Source: IHS, Eurostat, IEA Statistiken, BP Statistical Review, Nationale Statistiken, EU Reference Scenario 2016, Porsche AG

Prof. Dr.-Ing. André Casal Kulzer, Institute for Automotive Engineering, University of Stuttgart
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Green Growth Strategy of JAPAN (METI)

B CN scenario for transportation of Green Growth Strategy presupposes a combination of
three paths; @Electrification @Hydrogen Utilize ®IC engines with CN Fuel

2018 2030 mix 2050
1.06 billion ton 0.93 billion ton Emission reduction + Removals = net zero
(A25%) (A100%)

(Future discussion will not be limited to
this reference value)

> Consumer  ~"---___ R R
o 0.11 bil ton Consumer 1 ! 30-50% increase
< to 0.09 bilton . 5 electrification i of electricit
Q n uﬁry Xy ‘ ! demand
a 0.3 bil ton I“du‘ftry ;:::.:'.::_'‘.:.::.:..—:.:..—:.’"..—_''_";.:::.‘;l
g. 0.33 bil ton TR : Hydrogen, metha_nation, synthesis :
= 'n'ansport Transport ‘,\\ P fuel, biomass : )
" 0.2 bil ton 0.15 bil ton - 2 um
> . > lusage of CCUS
B Decarbonized electric sourcess |
¥ ; i )
S | 0.45 bil ton ; |
2. 0.36 bil ton i '
- . ]
M e Y ELOGEN, ANIMONIA \1070) o e
EHe F=—-~ Plantaton, DACCS - 11
S g I L
53 %values are the amounts of CO2 derived from energy e m e m o = m o o o o o o o o o o o o o o o )

Source : METI “Green Growth Strategy Through Achieving Carbon Neutrality in 2050” Formulated

/.iTCE 2023 JSAE/SAE Powertrains, Energy and Lubricants International Meeting



Pathways toward Carbon Neutrality

B According to the world trend toward CN, following three paths seems to be realistic
as zero emission society by 2050;

@ Battery Electric Vehicle, @ Hydrogen (FCV or H,-ICE), ® ICE with CN fuel
B Pathways are as following;
1. As renewable electricity ratio increasing, BEV expanding
2. Excess electricity stored as hydrogen (PtX), and applied to FCV and H,-ICE
3. CN fuel produced with hydrogen and captured CO,, CN for ICE vehicles

: CO,
Ratio of renewable energy Fossil fuel thermal power plant . 1
co

sources increasing (as base load) » CO, captured

electricity v CO;

excess

/l(“"uu\‘ e cdrm:\, -
Hydrogen produced 3 C-N fuel produced
with excess electricity with excess electricity
hydrogen
W/ hydrogen v C-N fuel

2. Hydrogen 3. Electrified PT (ICE)

1. Battery Electric Vehicle (FCV and H,-ICE) with C-N fuel

ﬁFCE 2023 JSAE/SAE Powertrains, Energy and Lubricants International Meeting



Carbon Based Energy Sources

Energy source

A

Yy VY

Natural gas

Biomass

v

Processes

combustion

gasification

v

v

Fuel & Chemicals

Mechanical
systems

Steam
turbine

Gas
turbine

[@ THE OHIO STATE UNIVERSITY
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\ A /

reforming fermentation separation esterification refinery
FT synthesis Y I R IR R N R
\ 4
hydrogen [« biodiesel
v vy Vv v ¥
I:T dsynthzsw 'e= Methanol [—p| olefins aromatics Hydrocarbon
ydrocarbon fuel
fuel ‘ ‘
Chemicals such as
f == == = == == == == == o == == = gthylene, propylene, etc — e wm mm wm omm wm w
Fuel |
cell |~



Non-Carbon Based Energy Sources

Energy source

Processes

Potential energy

Kinetiglenergy

Fuel &
Chemicals

Mechanical
systems

THE OHIO STATE UNIVERSITY
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turbine

thermafenergy reactiorfenergy thermal energy

Nuclear fission
in reactors

¥
Photovoltai Concentrating Low-T Steam
c cells solar power solar turbine
technologies collectors

v

m— == heat =

v

— I

v

Hot water or
space heating

18



Well-to-Wheels Analysis

— S| Gasoline Engine
—— CI Diesel Engine
— Compressed Natural Gas Engine

Battery Electric Vehicle I}@ 0.17
—
Sl

— Fuel Cell Electric Vehicle
0.20
Cl

Loan, (.16
N;
CN

Mid-size sedan = o o

50 MJ/100 km .|§l 050 I

JE/IL Battery

18 . I

. . — 0.90 lﬂl
NOTE: numbers indicate EM Fuel Cell

estimated energy
conversion efficiencies.

THE OHIO STATE UNIVERSITY
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0.80

Refinery

Energy
Conversion and
Transportation

Equivalent CO,
emissions

{_ﬁ 0.90

0.94

- 25 kg CO,/100 km

— @ 21 kg CO2/100 km

Qil
- e | 20 kg CO,/100 km

-—

s 1| 12 kg CO2/100 km

Methane

0'40‘ Reformer

Electrolyzer

Nuclear
power
plant

E—? 7 0 kg CO,/100 km

Renewables

Nuclear

Source: adapted from Guzzella and Sciarretta “Vehicle Propulsion Systems - Introduction to Modeling and Optimization”, 2007 19



Petroleum has fueled transportation for 100 years...
gix I —

w .
T

... What next ?

1918, first gasoline delivery truck at OSU

THE OHIO STATE UNIVERSITY The Ohio State University Archives .

CENTER FOR AUTOMOTIVE RESEARCH



THE OHIO STATE UNIVERSITY

CENTER FOR AUTOMOTIVE RESEARCH

Electric Vehicle Technology
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It's More Than Just the Battery!

* We will discuss challenges related to the development of power electronic systems, electric
machines, and the integration of e-propulsion systems.

* These subsystems, highlighted in the figure below, represent over 20% of the total cost of a BEV.

* If EVs are to be successful in the market, we must get these right...

LEVEL 1 BMS ENERGY MANAGEMENT SYSTEM L™ CONTROLLER |
ELECTRIC MACHINES
\ . l (| INVERTER —
/ o
POWER
= | LEvEL2 I l DISTRIBUTION ‘:go":{ GEAR BOX BATTERY PACKS
= \{{_ Moouie )
I l ENERGY STORAGE
— (= AND INFRASTRUCTURE
] 5k | o
DC FAST BATTERY PACK T THERMAL MANAGEMENT

N —

THE OHIO STATE UNIVERSITY
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Power Electronics

: power bus bar life cyclelifetime
semiconductor materials switching losses

capacitor sizing dV/dt challenges gal

electrical eDrive_efficiency
inverter topologies performance

4PBV/800V charging power electronics efficiency
power module topologies .., Pl A R R
DN - A e recyeling  S1( semiconductor

transformer sizing . reliability switching frequency

inductor SéZ{ng fall-S%%%toperqtlon dynamic 5espo¥se
currentPower module h 'L power density
skl ]
d\f%vea%%rcuit m e c a n -I_c a conduction losses
air cooling manufacturability
ter{perqaure = pa%kaging control algorithms
thermal management maintenance OBC integration

thermal design 3inl system 1ntegration
modulation strategiges SySteS[In!deSIgn

hase change materials .
’ forced cgooling mOdU-LaI pIOdUCt k'I.tS
@ THE OHIO STATE UNIVERSITY heat sink szgﬁq-hn%oiagt%ikzgms

CENTER FOR AUTOMOTIVE RESEARCH
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Electric Machines

aluminumPOWEI . )
Wigélringsrtgghﬁg%gsj thermal insulation
speed-torque characteristics quallty

rare earth magnets recyclingsafety

life cycle

- : : liability
e-l_ect]'_'lcal induction machines NVH L€ .
. t leover load
low speed c}]/rsm.nthlgh speed folre?(ul%lrﬁq& eratig mE C ha. n 'LC a.-l.
axial gap vs. radial gap wound synchronous1 ’ manUf%gEﬁg%%éﬂy
permanent magnets 1 1 1fetime .
Tigavy rare €arth tnner cofrd LEEEACYvotne"” GOS8 Tosarines |
number of poles f f Tl
aspect ratio e r 0 r ma n c e au L oLerance
voltage : maintenance
i olisTRCTRG, I e L U@hange _
; lﬁquiﬁl_ coo}_ing re-l.UC!I:an_CE modeling
splash oil coolin
IJthermal derating B © [ EY Opt'LITI'LZ&t'LOn

. ower factor health monitoring i
thermal design i system design

phase change materials torque control algorithms

cooling jackets energy dE_nS'I.ty
At Cootihe integration

THE OHIO STATE UNIVERSITY EMI / EMC 24
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Drivetrain Integration

d Efélﬂ_’i-ncy inverter drivetrain
Livability Toltaes, safety
volumetric gower density fa S t C hal'glng qua-l_-l_ty

p e 1_ f 0 r m a n c e C h 3 l_ g _L n g mo d U 'L P msapneuefda crteudruacbtlllolnty
gravimetric power density . high=voltage safety h -l_
tOIque Vectorlng high-voltage wiring mec an-l.ca.

drlvekquallty regenerative braklng fferentla-l_
packaging
raction contro fault tolerance
t t — reliabpility NVH
EMI/EMC magnetic gears utch
powertrain control w1r1ng harness c 0 S

control strategies DC-DC converters thermal conduction

drivetrain architecture splash oil cooling

heat rejection
motor-inverter- t£323£15510n 1ntegrat10n thermal deégradation

temperature gradient
system design thermal design

thermal system integration
cooling system i1ntegration
mu-l-th-eLath?n(o-nLl?orlggrlveS waste heat recovery
in- wheel vs. axle drives '|_-|_qu-|_d coollng

air cooling



Technical Targets (Proposed DOE VTO)

0

Electric Drive

Year

Peak Power Level

(kW_peak)
Voltage (V)

Cost ($/kW_peak)

Power Density

(KW_peak/L)

Power Electronics

Year 2025 2030 2035
Cost ($/kW_peak) 2.70 1.80 1.20
Power Density 100 150 225

(KW_peak/L)

THE OHIO STATE UNIVERSITY
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2030 2035
225
800
2.67
75
Electric Motor
Year 2025 2030 2035
Cost ($/kW_peak) 3.30 2.20 1.47
Power Density 50 75 112.5
(KW_peak/L)
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Emissions of Electric Vehicles
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Electricity?

* Infrastructure already exists (home
charging).

* Lowered cost per vehicle mile.

» Can use renewable energy, driving
demand for renewables.

THE OHIO STATE UNIVERSITY
CENTER FOR AUTOMOTIVE RESEARCH
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ennessee Valley Authority usa i) | . &= Tennessee Valley Authority usa

aggregated ( ber 20, 2023 aggregated Octobe

The Carbon Cost of
Charging EVs

296 g 296 g

Electricity Consumption Carbon Emissions Electricity Consumption Carbon Emissions

Total electricity consumption by source Total carbon emissions by source

TVA example (one of the :
better ones) "

Carbon intensity in the last 30 days Emissions in the last 30 days

Display data from the past October 20, 2023 Display data from the past October 20, 2023

24 hours © 30days 12 months
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Merit Order Curve:
The Carbon Cost of . .
Generation systems are called uponin a

Charging EVs specific order of increasing cost (in order to
minimize overall cost).

L 3

When a consumer is asking for
more electricity, that additional
electricity will come from the
cheapest power plant that still has
spare capacity at that time. This
power plant is called the marginal
power plant.

Typically, the marginal plant is a
system that can react quickly to
changes in electricity demand, | :
such as a gas turbine. It however T e e —— >
cannot be a wind turbine or solar = ‘Demand (MW)
panels, as Jou can’t command R A

them to produce more.

Gas

Coal

Marginal Cost (S/MWh)

https://www.electricitymaps.com/blog/marginal-carbon-intensity-of-electricity-with-machine-learning

THE OHIO STATE UNIVERSITY ” . — -
CENTER FOR AUTOMOTIVE RESEARCH Burton, T., Powers, S., Burns, C., Conway, G. et al., “A Data-Driven Greenhouse Gas Emission Rate Analysis for 30
Vehicle Comparisons,” SAE Int. J. Elect. Veh. 12(1):91-127, 2023, doi:10.4271/14-12-01-0006.



https://www.electricitymaps.com/blog/marginal-carbon-intensity-of-electricity-with-machine-learning

Contiguous U.S. Grid Interconnections

The Carbon Cost of
Charging EVs

To attribute carbon emissions, we need to
trace back the area that generated the
marginal electricity.

Charging an electric vehicle at
a given time, will cause the
marginal plant to produce
more, and therefore, charging
will be responsible for the
carbon emissions associated to
it. Those emissions are

called marginal carbon
emissions.

Eastern
Interconnection

THE OHIO STATE UNIVERSITY https://www.electricitvmaps.com/bloq/marqinaI-ca.rbon-intensitv-of—eIectricitv.-w.ith-machine-lea.rninq
@ Burton, T., Powers, S., Burns, C., Conway, G. et al., “A Data-Driven Greenhouse Gas Emission Rate Analysis for 31
Vehicle Comparisons,” SAE Int. J. Elect. Veh. 12(1):91-127, 2023, doi:10.4271/14-12-01-0006.
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https://www.electricitymaps.com/blog/marginal-carbon-intensity-of-electricity-with-machine-learning

Petroleum has fueled transportation for 100 years...

—_—

= B Nl y g’ T -—y'gjr Tk

_=r$f"“\

1918, first gasoline delivery truck at OSU

The Ohio State University Archives
THE OHIO STATE UNIVERSITY y
CENTER FOR AUTOMOTIVE RESEARCH

..what next ?
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IEA 2021 Report: Worldwide Global Pathway to Net Zero CO, by 2050
Sustainable mobility will be possible by electrification + renewable fuelSo,_neutral

Figure 3.22 > Global fransport final consumption by fuel type and mode
in the NZE giobal pathway to net-zero CO, emissions in 2050

Consumption by fuel Consumption by mode

Other
& Aviation
" Shipping
M Rail
W Heavy trucks
B LDVs
= Other road

~15%
ren. Fuels
% ~30%
BEV+PHEV ren. Fuels >55%
ren. Fuels

~25%
BEV+PHEV

Fuels

W Hydrogen-
based fuels

M Bioenergy

M Electricity

M Fossil fuels

~40%
BEV+PHEV

2020 2030 2040 2050 2020 2030 2050

IEA. All rights reserved.

Source: International Energy
Agency, 2021 Report
*renewable Fuels: CO,-neutral
bioFuels and eFuels

Note: LDVs = Light-duty vehicles; Other road = two/three wheelers and buses.

THE OHIO STATE UNIVERSITY
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Global Fossil Energy Trading System

Crude QOil Transport in Million Tons p.a. (2020)

. Supply regions

Demand regions

Todays energy
trading is based
nearly 100%

on fossil fuels.

M us
Canada
Mexico

M S. & Cent. America

M Europe

W CIS

B Middle East

W Africa

Asia Pacific

@ THE OHIO STATE UNIVERSITY
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Courtesy: Prof. Dr-Ing. Michael Bargende

Source(s): BP Statistical Review of World Energy 2021, AVL, Prof. Dr. Uwe Grebe 34



Global Energy Trading System in the Future

Energy trading with sustainable energy carriers Demand regions
USA, Asia, Europe
' Supply regions
B Favorable conditions

[ Average conditions
Less favorable conditions

S Pilot Projects

Global Trading
with “green” molecule
based energy carriers

Liquid Hydrogen (LH,)

/” Considered:
e-Methanol / e-Fuels » PV and wind potential
» Political support

* Financial resources

* Political stability

THE OHIO STATE UNIVERSITY Courtesy: Prof. Dr-Ing. Michael Bargende  Source(s): [IRENA] Report Green Hydrogen Policy,
CENTER FOR AUTOMOTIVE RESEARCH https://www.irena.org/publications/2020/Nov/Green-hydrogen: AVL, Prof. Dr. Uwe Grebe
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https://www.irena.org/publications/2020/Nov/Green-hydrogen

It‘s all about energy

Which energy carriers have a chance in
the future for a global transport of

energy?

36



"Green'" Production Paths for Synthetic Fuels (Ptx)

GO0 0

o Electricity
60 90 69
+ +
@ Air (Capture) /\
0 Low Temp. Heat
0 High Temp. Heat @o g gﬁ

o Bio Mass /\ \ \

THE OHIO STATE UNIVERSITY Courtesy: Prof. Dr-Ing. Michael Bargende Source(s): Oko-Institut e.V., 2020
CENTER FOR AUTOMOTIVE RESEARCH




Candidates to Become Future Energy Carriers

Hydrogen (H,)
Synthetic

Positive:
*  No CAtom (no CO,
emissions when burnt)

Negative:

*  Transport only liquid
(LH,) with efficiency
losses

. High material demands

. High laminar burning
speed

Ammonia (NH,)

Synthetic from H,

Positive:
*  No Catom (no CO,
emissions when burnt)

. Is already produced in
larger quantities

Negative:

e Transport only liquid
with efficiency losses
(much lower than H,)

*  Low energy density

. Low ignitability

Synthetic from H,

Positive:

* Infrastructure exists
(Ships, terminals and
grid)

. Relatively high energy

density

Negative:

e CO, emissions when
burnt

*  Transport only liquid
with efficiency losses
(lower than H,)

Positive and negative aspects due to efficiency, infrastructure and suitability as a fuel

Methanol (CH;0H)
Synthetic from H,

Positive:

e Liquid (only very low
efficiency losses due to
transportation)

* Infrastructure exists
(gas stations)

. High laminar burning
speed

Negative:
*  CO, emissions when
burnt

*  Low energy density

Source(s): https://www.offshore-energy.biz/worlds-1st-Ih2-carrier-suiso-frontier-departs-for-australia/, https://www.en-former.com/en/is-ammonia-the-future-of-shipping/,

THE OHIO STATE UNIVERSITY https://marine-digital.com/article 10biggest Ing shipping companies, https://www.globaltrademag.com/methanol-carrier-cajun-sun-delivered

CENTER FOR AUTOMOTIVE RESEARCH Courtesy: Prof. Dr-Ing. Michael Bargende


https://www.offshore-energy.biz/worlds-1st-lh2-carrier-suiso-frontier-departs-for-australia/
https://www.en-former.com/en/is-ammonia-the-future-of-shipping/
https://marine-digital.com/article_10biggest_lng_shipping_companies
https://www.globaltrademag.com/methanol-carrier-cajun-sun-delivered/

eFuels: Porsche and Siemens Energy Step Forward

Porsche and Siemens Energy step forward: Haru Oni — a Project of HIF (Highly Innovative Fuels)

piotphase until 2022 1o phaseunti 2024

~130,000 e e s 2026 ~55 million it st Pik?t. pla.nt for technology
~ 550 million "=x=te verification of the
| interlinked

process steps:

Methanol synthesis

Cooling system

Silyzer

g « Technology path: From power
% supply to finished eGasoline.

* Process steps: Wind power,

direct air capture, electrolysis,
Methanologusoinepan | 1T (ST methanol, synthesis, gasoline
synthesis.

Tank farm H, and CO, storage DAC (Direct Air Capture)

From 2026 on: 1,3 million tons CO, saved per year

THE OHIO STATE UNIVERSITY Courtesy: Prof. Dr-Ing. Michael Bargende
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Passenger Cars In The World

Number and production of all cars on earth

1.434.500.973

In 2030, if the rate of increase remains
the same, the world's car population will
increase to 1.6 billion.

2.7 billion cars by 2050?
According to the latest studies,
there will be up to 2.7 billion cars
on earth in 2050.

THE OHIO STATE UNIVERSITY

CENTER FOR AUTOMOTIVE RESEARCH

Status: Oct. 19, 2023 at 13:35 at http://live-counter.com

Courtesy: Prof. Dr-Ing. Michael Bargende
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Conclusion: Reaching GHG Neutralit

Using all paths to CO,-neutral mobility "
V.

s
@

L\

é

Improved
ICE
100%
renewable
eFuels

100% renewable electrical energy Source: IWO, https://www.futurefuels-experience.de/en

THE OHIO STATE UNIVERSITY
CENTER FOR AUTOMOTIVE RESEARCH

Courtesy: Prof. Dr-Ing. Michael Bargende
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Thank You For Your dAention i

THE OHIO STATE UNIVERSITY
CENTER FOR AUTOMOTIVE RESEARCH
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Technologies

Keynote presentation

Giorgio Rizzoni, The Ford Motor Company Chair In Electromechanical Systems

Professor, MAE and ECE Departments, The Ohio State University
OCT. 24, 2023

CHATTANOOGA, TN SMOKY

MOUNTAINS

Mobility Conference

THE OHIO STATE UNIVERSITY
CENTER FOR AUTOMOTIVE RESEARCH
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