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The Problem

* There are a multitude of sources of CO,: a multitude of actors and a multitude
of actions causing these emissions

* There are therefore a multitude of possible measures to reduce CO, emissions

 Example in automotive mobility:
— Driving more economically (Eco-Drive)
— Choosing a more energy-efficient car
— Choosing a car that uses energy with a low CO, impact (e.g., electric or hydrogen car)
— Carpooling
— Walking, cycling or using public transport
— Moving less and less far
— Bringing home and workplace closer together, home office

* Who should reduce their CO, emissions and how?
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If measures could be ordered according to their

Cost per tonne
of CO, avoided

A

cost...

A distributor electrifies its fleet of 20
delivery vehicles: 90 tCO,/vehicle are
avoided over 10 years at a net additional
cost of 85,000 CHF, i.e. 47 CHF/tCO,

47CHF
S /800D Reduction of
—— CO, emissions
4 The residents of a
: neighbourhood use a

new bus line

A factory feeds its
waste heat into the

district heating network

Each measure for each emitter reduces
CO, emissions at a different unit cost
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McKinsey & Co, Net-Zero Europe, 3 December 2020

Marginal abatement costs for GHG in the EU

A: 2030 abatement cost curve
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Marginal abatement costs for world GHG

Exhibit 13: The cost curve of de-carbonization has transformed, with new technology additions and cost
deflation in others expanding the total GHG emissions abatement potential while widening the range of

low-cost investment opportunities
2020 conservation carbon abatement cost curve for anthropogenic GHG emissions, based on current technologies
and current costs, assuming economies of scale for technologies in the pilot phase

1,100 +
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Carbon abatement cost (US$/tnCO2eq)

-100 - .
Goldman Sachs, Carbonomics -

-2006 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 Innovation, Deflation and Affordable
De-carbonization, EQUITY

GHG emissions abatement potential (Gt CO2eq) RESEARCH, October 13, 2020

= Power generation (coal switch to gas & renewables) m Transport (road, aviation, shipping)
Industry (iron & steel, cement, chemicals and other) m Buildings (residential & commercial)
m Agriculture, forestry & other land uses (AFOLU) Non-abatable at current conservation technologies 6
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MAC for world methane emissions

Figure 2.29 = Marginal abatement cost curve for oil- and gas-related methane

emissions by mitigation measure, 2019

Dollars per MBtu

Replace existing devices

M Instrument air systems
Pumps

M Electric motor
Compressor seal or rod
Early device replacement

Install new devices

W Vapour recovery units
Blowdown capture
Flares
Plunger

Leak detection and repair
Upstream

® Downstream

Other

It is technically possible to reduce methane emissions from oil and gas operations by

nearly 60 Mt: many of these emissions could be avoided at no nef cost.

Note: MBtu = million British thermal units.

IEA, Sustainable Recovery, World Energy Outlook Special Report in collaboration with the International Monetary Fund, 2020
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Start with the least expensive measures

Cost per tonne
of CO, avoided

A

A

Reduction target

\ 4

Dz

Reduction of

CO, emissions

» Remaining emissions

In order to reduce CO, emissions at the
lowest overall cost, one must start with the
cheapest measures (low hanging fruits)



Philippe Thalmann EPFL

LEURE

Price on emissions

Cost per tonne
of CO, avoided

A

\ 4

Reduction target

A

Price per
tonne of CO,

Reduction of
— CO, emissions

» Remaining emissions

A uniform price for all CO, emissions
reduces emissions in a decentralised
manner at minimum overall cost
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Price on emissions
- Incentive tax -

Cost per tonne
of CO, avoided

A

\ 4

Reduction target

A

Tax per tonne
of CO, emitted

Total tax paid by emitters
on remaining emissions

l >

» Remaining emissions

Tax revenue = tax per tonne x remaining emissions
Same result when emitters must purchase emission
permits at a price equal to the tax

10
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™ rnce on emissSIions
m | [ ] ]
L1 - Incentive subsidy -
Cost per tonne
of CO, avoided
< Reduction target >

C

[

©

£

2 Subsidy per tonne
o of CO, avoided
_& Total §ubsidy paid_

£ toemitters for tr!elr Windfall gains

O emission reductions |

|— Reduction of
— CO, emissions
» Remaining emissions

L Subsidy cost = subsidy per tonne x eliminated emissions

Y Subsidy cost > total abatement cost

a Same result if all emitters are granted emission permits

- and State buys them back at rate of subsidy

11
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Price on part of the emissions only
(exemptions for some emitters)

Cost per tonne
of CO, avoided

A

|

Exempt from
payment of
the price

Partial price

Uniform price

Reduction of
T T CO, emissions

Subject to price,
reduce their emissions  Subject to price, do not reduce
their emissions
A price for only part of the emissions does not guarantee that
emissions will be reduced at the minimum overall cost
When the price covers all emissions, it may be lower than if it
covers only some of the emissions 12
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Simplifyed curve of possible measures

Cost per tonne Curve of emission reduction
of CO, avoided measures ordered by increasing cost
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A

A

per tonne CO,: Marginal abatement
cost curve (MAC)

~

Reduction of

CO, emissions

13
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Effect of price changes on emissions

Cost per tonne Curve of emission reduction
of CO, avoided measures ordered by increasing cost
A per tonne CO,

< Reduction obtained

High CO, price
<+— Reduction obtained —»/
Low CO, price

Reduction of
CO, emissions

« The level of the price on CO, emissions determines the extent of their reduction
» In the absence of knowing the curve of the measures (MAC), the maximum cost
of the measures per ton CO, is predictable, but not the extent of the reductions

14
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Tradable emissions allowances (cap & trade)

This emitter A did not receive
enough allowances; it must take
this measure to reduce its
emissions.

Cost per tonne
of CO, avoided

A

Maximum price per tCO, that A agrees to pay

to avoid having to reduce its emissions

Minimum price per tCO, to be paid to B

for it to agree to reduce its emissions

Reduction of
—— 1 CO, emissions
This emitter B received enough

allowances; it does not have to take
this measure to reduce its emissions

« A system of tradable quotas also makes it possible to reduce emissions at
minimum overall cost

» If the curve of possible measures is not known, the magnitude of the remaining
emissions can be predicted (= cap), but not the cost of the measures

15
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Dynamic perspective

Curve of emission reduction measures
ordered by increasing cost per tonne CO,

/ CO, price

e e el "~ in2045

Francs

Total
«— payment
in 2045

CO, price
el in 2025
Reduction of

Total payment in 2025

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% CO, emissions

» The price of CO, will have to be continually increased to achieve full decarbonisation

When the price will be very high, it will be paid by almost nobody

16
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Dynamic perspective

Curve of emission reduction Curve of

measures ordered by increasing measures
Cost per tonne cost per tonne CO, in 2021-25 2026-30
of CO, avoided

A

Curve of
measures
2031-35

CO, price
2031-35

CO, price
2026-30

CO, price

5 2021-25
_—— - Reduction of

«—— Reduction in 2021-25 v Reduction in 2026-30 ——s<— 2031-35 —» CO2 €missions

v

< 100% of 2020 emissions

» Technical progress is lowering the cost of the measures, so more emission reductions can be achieved

at the same CO, price
* However, the price of CO, will still have to rise continuously to move towards total decarbonisation 17
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Intermediate conclusions

Market-based instruments leave it up to emitters to choose whether and how they
want to reduce their emissions

When these instruments give the same price signal to all emitters, they ensure that
the overall reduction in emissions is achieved at the lowest overall cost...

... provided that emitters take all costs and savings into account in their
calculations

Examples of discrepancies:
— Not all costs are borne by the emitters themselves (e.g. landlord-tenant)

— Emitters calculate the profitability of a measure over a very short period of time
(application of the CO, Act: 4 years, 8 years for buildings!)

— They do not take into account all the effects of a measure over its life cycle (e.g. effects on
third parties, sharing of experience) — co-benefits

— They do not know all the options for reducing their emissions
This concerns both businesses and consumers

18
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Differences between objective
and subjective costs

Cost per tonne Distributor Z electrifies
of CO, avoided its fleet of delivery

A

vehicles. He benefits
from a better image

Subjective cost

1 - Reduction of

—— CO, emissions
Residents of the neighborhood Y use the new bus
line. Buses are scarce and uncomfortable; residents
do not take into account the safety gains and the
reduction of noise and congestion

Factory X injects its residual heat into
the district heating network. It expects
a return on investment in only 4 years

The cost can be very different as seen
by the emitter ("subjective") or in the
public interest ("objective")

19
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econciling subjective costs with objective costs

ENERGY =

SUPPLIER'S NAME MODEL IDENTIFIER

-
m
]
=]
G102/ 10E

Less advertising for F & G
class cars and more for A
& B class cars...

Calculateur en ligne g‘nobitool

Le comparatif interactif en ligne des bilans
environnementaux de deux moyens de
transport (pour les trajets locaux, nationaux ou
internationaux)

J national I local II international |

moyen de transport n” 1 moyen de transportn” 2
Chemin de fer Suiss.el Trafic r_ﬁ' io.nall RER incl.. » ',._roﬂu,s MEW-EEBELQ n.o:mw] b2
charge Icon sommation I poids ] Charge[ consommati onI poids ]

Chemin de fer Suisse Vaoiture

Mix délectricité CFF (Trafic régional, RER incl.) Moyenne (Flotte moyenne)

charge: 67.2 von 292 siéges (23%) charge: 1.6 von b siéges (32%)
consommation: 7.5 Litres / 100 km
poids: 1510

Comparaison: Avec le contenu énergétigue d'un litre de Comparaison: fvec le contenu énergétique d'un litre de

diesel, une personne peut parcourir 47.1 km avec le diesel, une personne peut parcourir 10.6 km avec le

moyen de transport sélectionné ci-dessus., moyen de transport sélectionné ci-dessus.

1 km par personne 1km par personne
Nombre: Nombre
,..‘....‘....,,...,‘..<,.‘..,...‘,....,..,., % ...q...‘[_....,....,....,....,....,....,..,‘.
1.50 0.74 MJ-equ. 3.3 MJ-equ.

W utilisation directe
M utilisation indirecte via la production énergétique
M entretien du véhicule

construction / recyclage du véhicule

déplacement (Route / Rail / Ports)
i —

1 7 -

MJ-equ.

Indicateur: =1Energie 7 C02-equ.

www.mobitool.ch
9-Jun-20 848

20
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Cost per tonne
of CO, avoided

A

A

make it

A bundle of State interventions

Subsidies for
measures (e.g.
Buildings Programme)

Prohibit or l

compulsory

|

v

Subjective cost

\

¥“—__ Information (e.g.

energy label)

Imposing measures that are clearly beneficial (e.g. ban
incandescent light bulbs; limit emissions for new cars)

Granting specific incentives for measures with low
objective costs (e.g. energy-efficient electrical appliances,
electric cars)

Directing funding towards low objective cost measures,
overcoming the problem of high initial cost and short time
horizon

Supporting public infrastructure (e.g. public transport,
bicycle lanes)

* Abundle of targeted interventions brings
subjective costs closer to objective costs
» There still needs to be a price on CO, emissions

21
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Intermediate conclusions

Pure market instruments do not achieve emission reductions at the
minimum cost in the real world

A bundle of complementary interventions "better" achieves the goal
(cf. the measures taken by cities in the field of mobility)

"Better" means:

— More effective

— More acceptable: coherence of public interventions, support for decarbonisation, compensation for
high burdens

But it is more complicated:

— Windfall effects, administrative costs

— How can this be reconciled with the uniform price for all emitters? Example: instead of refunding the
CO, tax to certain companies in exchange for a few reductions or letting them buy EU-ETS
certificates for their emissions, set a cap on their emissions (according to best in class) and make
them pay the full CO, price for their emissions above that cap

It will take all of this to phase out fossil fuels by 2050

22
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Final conclusions

The price of CO, emissions will have to rise continuously in order to get
completely out of fossil fuels by 2050

Almost nobody will pay the very high emission price!
Moreover, the revenue, if it is a tax, will tend towards zero

This does not mean that decarbonisation costs nothing: sum of the costs of
measures (including negative-cost measures)

This can be mitigated through technical progress, a package of support
measures and social cushioning measures

As many types of equipment using fossil fuels have a long life span, it is
important to stop installing them; otherwise, they will lock in emissions or
become stranded assets

23
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Tradable emissions allowances (cap & trade)

Emitter 1 Emitter 2
Francs Francs
marginal |
abatement
cost 1
Marginal
C4 abatement
cost 2
p 4 < F U7 -
: : 02 : :
. : Reduction of
Opt. 50% 100% 50%0pt. 100% Cbz emissions

25
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