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Handouts
La voiture électrique: la seule solution a notre future mobilite?

In this document you will find the slides and notes of the presentation: La voiture électrique: la seule

solution a notre future mobilité?.
If you have any question, don't hesitate to contact us by email (francesco.contino@uclouvain.be). You

can also find more information about our research on the following website: TFL website.

La voiture électrique
la seule solution a notre future mobilité?

Francesco Contino

UCLouvain — objectif

Aujourd'hui 2050

W UCLouvain AMMC

Combine technology and sobriety

Change the paradigm
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The primary energy consumption in-

Despite awareness creases continuously in the world. We
P ' reached 14000 millions tonne of oil

greenhouse gas emissions increases equivalent (Mtoe) in 2019, despite the ef-

oGt forts to slow down this progress, we can-
not see any change in the slope.

332Gt

1990 2019

Due to lockdown, the primary energy

. . consumption in 2020 decreased.
Except during crises

50 Gt
32 Gt
2008 2020
(0]
1990 2019
We had some hope for the decrease of
: CO2 emissions.
With some hope..
50 Gt
32 Gt
2008 2020
(o)
1990 2019 2050
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But the hope was short-lived.

..a short-lived one

Gt
Is there a world after?
PGt 1.2°C increase

carbon budget 400 Gt
to stay below 1.5°C (50%)

2008 2020

1990 2019

The CO2 emissions in Belgium de-

Belaium emissions are aoina down creases but mostly because of the crises
giu 9 9 and in the industry.

but not for the good reasons

mFugitive emissions

OWaste

Mt COq

[ Agriculture

mElectricity and heat
generation

OBuildings

@ Transport

@industry

BLULUCF

But we need to be careful because in-
. stead of producing in Belgium we im-
Careful the |mported CO2 port from outside and our apparent de-
crease is more than compensated by
CO2 crossing our border.

Official statistics
10 t/(person year)

With import
+/- 15 t/(person year)

Sustainability:
2 t/(person year)
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A bit more than 20% of our electricity
is produced from renewable sources

Electricity ~80 TWh
Nuclear ~30-40 TWh
Natural gas ~25-30 TWh
Wind 13 TWh

Sun 5 TWh
Others

A bit more than 20% of our electricity
Is produced from renewable sources

I Clectricity -80 TWh

[ Renewables 18 TWh

But electricity is only 20%
of our energy consumption

[ Electricity ~80 TWh

Renewables 18 TWh

All energy 400 TWh

4 of 15



B UCLouvain

La voiture électrique: la seule solution a notre future mobilité?

But electricity is only 20%
of our energy consumption

All energy 400 TWh

There are mainly three types of end use:
E . building (mostly thermal comfort), trans-

n,ergy COHSUI’ﬂptIOIﬂ port (mostly cars), and industry (mostly
buddmg, transport, IHdUStI’y steel and construction).

. heating, cooling, electricity

: 60% by car
20% remaining on road
15% air

: manufacturing, construction, ...

Each around one third of the final energy

A long way to get to the potential
and this will not be for 100%

Maximum potential in Belgium:
around 1/3 of our consumption

PV panels multiplied by 12
Wind (on- and offshore) multiplied by 4

About 100 billions euros for capacity
(but how much for infrastructure when nimby?)
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Only 20-30 TWh for the moment is im-

. . . ported through electricity and intercon-
Most of our energy will still be imported nection will suffer a lot from the ex-

in various forms changes due to renewables.

Similarly to today (natural gas and oil)
we will import a lot of energy

Around 2/3 of our consumption
if demand does not change

Electricity through interconnection,
but also e-fuels by boat and pipeline

In Europe, we have the potential
but it is not evenly distributed

20

w
o
> =
25
Q
s 8
L5 5 wem Waste
& a g === Renewables
85 @ === Biofuels
o mmm Nuclear
< s
2 o = Fossil fuels
o8
2018 Range of our solutions
source: Pickering et al,, 2022
Lowest storage, low curtailmaent, lowest biofuel
A B € «15TW
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We cannot look at the problem
independently in each sector

We need a systemic view to properly
understand the issue

Energy has many forms

We need to include air quality, biodiversity
employment, traffic, happiness

The Doughnut of social and plan-
etary boundaries - Kate Raworth
limate (https://www.kateraworth.com/doughnut/)

change

B Beyond the boundary
Boundary not quantified

nter
\“LFOUNoqr
0% 70 e,

Nothing beats an electric vehicles
when considering tank-to-wheel

High efficiency of the electric motor
low CO2 even with electricity production

Direct use of the renewable energy
without further conversion

Good for air quality
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But electric vehicles

are no

t the only solution

Since we will import a lot of energy carriers

it makes sense to use them directly

We will have issues of electricity storage
the system needs to be robust

Currently, life cycle analysis is questionnable

and trend towards big electric SUV

Electric cars are growing fast
but will they keep the pace?

250M

2M
2015

Piston engine is a well known technology

Ambitious goals to
meet Paris agreement

Estimates from OEM

|IEA Reference

Technology Scenario

2035

proven to scale on a large market

Millions of cars
2000

1000 |-

Difference covered by
fuel operated cars

1960

source: Stacy etal. 2014

2012 2035

The shift project advocate for atax on the
weight of the vehicle and a limitation to
50 kWh batteries.

The market of electric vehicles is grow-
ing fast. According to the latest IEA
world energy outlook, these are poten-
tial growth scenarios, from conservative
to ambitious goals.

When placing this impressive growth in
the overall market of cars, there is still
a huge gap that will be covered by fuel
operated cars. This is also perhaps the
first key element, internal combustion
engine has proven to scale.
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What will happen next?

Cars per 1000 persons

800
— US
600
— EU

220
29—’/// China

2004 2014 2018

Power-to-fuel is not only
hydrogen and fuel cells

Power-to-fuel often with fuel cells
but not the only solution

Internal Combustion Engine
(could) work well with all these fuels

This route could potentially make
more sustainable transport

With or without CO;,
fuels can be produced

.,
> ; /- Ammonia

Electricity Hydrogen\ ‘

w Methane
4

CO: ’0

Methanol

La voiture électrique: la seule solution a notre future mobilité?

The trend in countries like China explains
how scary the global trend is.

When storing electricity into fuels. Sev-
eral options are available. The first step
is generally water splitting and the pro-
duction of hydrogen in an electrolyser.
When no CO4 is available, we can use the
nitrogen from air and produce ammonia
(NH3).

When CO, is available, we can fur-
ther convert hydrogen into methane or
methanol.
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Another example for renewable hydrogen:
Hydrotreated Vegetable Oil

Biomass
Methanol —— Transesterification Hydrotreatment «—— Hydrogen

| !

high LHV
no oxygen
paraffin

Glycerol Propane more valuable
than glycerol

Another example for renewable hydrogen:
Hydrotreated Vegetable Oil

<4

Methanol —— Transesterification Hydrotreatment «—— Hydrogen

! !

high LHV
no oxygen
paraffin

Glycerol Propane more valuable
than glycerol

It is all about potential production

Arable land (FAO) 1.6 109 ha

Biofuels net production x 1toe/ha

Potential production 1.6 109 toe
Transport consumption  + 3109 toe
50+ %

50% of the vehicles are still running
but we don't eat anymore

As much as quantity is important—first
law of thermodynamics—quality also
matters—second law of thermodynam-
ics.

10 of 15



B UCLouvain

La voiture électrique: la seule solution a notre future mobilité?

Transition requires a lot of raw materials

Transport (kgivehicie)
etecrc cor NG - i
Conventional car NN
50 100 150 200 250

Power generation (kg/MW)

Fossil fusls

Minerals

4000

8000

12000 16000 20000

= Copper

= Lithium

= Nickel

= Manganese

» Cobait

= Graphite

= Chromium

» Motybdenum

uZine

= Rare earths
Silicon

“Others

IEA. Al rights reserved.

Transition requires a lot of raw materials

0% 20% 40% 60%

BO%  100%

0% 20% 40% 60% 80% 100%

[EA. All nghts reserved

= Qatar
*Indonesia
®DRC
mPhilppines
= China
wUS
Saudi Arabla
= Russia
wlran
= Australia
« Chila
wJapan
» Myanmar
= Peru
Finland
Belgum
» Argentina
+ Malaysia
Estonia

Growth to 2040 by sector Growth of selected minerals in the SDS, 2040 relative to 2020
= %0
® Hydrogen =
6x g 42
. = Eleciricity networks = 4
3
£
4x EVs and battery 30
o norege 25
1
= Other low-carbon ] E 2 19
pawer generation 20 7
Wind
— = Solar PV
——— r— =
2020 sDs Net-zero S -
by 2050 Lithium  Graphite  Cobalt Nickel  Rare earths
scenario
Extraction Processing
o ourenm
e u 3 g
— £ vio oo -
Coer AL corver IEEEE
g Nk
2
oo TN Poo
e o T oo TN W
= Rars s

See report on critical materials from the

IEA.
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Some critical raw materials
will have have a gap

Copper Lithium Cobalt
3200 < 400

kt of LCE

30 2400 300

2020 2025 2030 2020 2025 2030 2020 2025 2030

®= Production (operating) Production (under construction) === Primary demand in the SDS

Caution: typical lead time = 10 years

. A =

s it the end of our civilisation? -

\X/ish to be the first one

It is an opportunity to be the first
to sustainably succeed

The cost of going through planetary limits
is dramatically bigger than short-term cost

Students wants greerwashing

true commitment to sustainability

Ingés en transition
ites.uclouvain.be/in ntransition
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One example among many others:
end of salary cars
Anomaly of the Belgian fiscal system
Skew the social practice of transport

Students do not care anymore

NN\ I 7 ~_
4 ﬁ fas o L;R”QD =
AR

A LA CAFETERIA | /

Scope 3 is not someone else's problem

scope 1&2 scope 3

e ree in o 8888
of the forest ” Q ’Q’,

Focusing all effort on scope 1 (& 2)
will not solve the problem

s

There are many levers at your level
to decrease indirectly scope 3
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Combine technology and sobriety

Combine technology and sobriety”

Change the paradigm

"sobriety means controlled degrowth

L'avenir énergetique
une question de choix plus que de technologie

Francesco Contino
UCLouvain
— objectif
| |

Aujourd'hui 2050

B UCLouvain AMMC
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Podcast

8><€/2/|'/€/

Regards croises sur l'énergie
Sous toutes ses formes

B UCLouvain

Suggestions d'interview?

La voiture électrique: la seule solution a notre future mobilité?

Retrouver le podcast : https://www.
podcastics.com/podcast/exergie
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