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Introduction

Why is CCS not implemented yet?
CCS value chain
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Introduction -
FINANCIAL TIMES Policymaker
Climate change Taxes and subsidies

Norway launches full-scale
industrial carbon capture project

with billions in subsidies Japan To Offer Subsidies For Carbon
CO, shipped to North Sea to be injected into reservoirs of oil majors Ca pture And Storage

0 by Violet George - January 15, 2025 - © 1 minute read

EU approves Germany's €5bn subsidy

scheme for industries to switch to
hydrogen, carbon capture and
electrification

ETHzurich Reliability and Risk Engineering 01.12.2025 4



Introduction

Current models: social planner problem

0.
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Emitters

X Market dynamics

X Strategic behavior of players
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Introduction

Stackelberg game, Cournot lower level
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Introduction

Stackelberg game, Cournot lower level
Bi-level optimization problem

Sequential game: one leader, multiple
followers

Leader’s advantage; moves first

Followers’ reaction; respond to leader’s
policy

Backward induction: leader anticipates
the response of followers
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Introduction

Stackelberg game, Cournot lower level

~ @
T

Policymaker

How do taxes and subsidies affect the
social welfare?

How do emitters react? What are their
profits and how much do they capture?
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Method

Social planner, global optimum and benchmark

@ Social planner

‘\W @ max_ Social Welfare = 4 Emitters profits from production

cap e CO,

oo = Capture costs
= Storage costs
= Transport costs

s.t. Technical constraints
Emission constraint: ZeiCOZ < ECO2 : (yC02)

/

Social planner cost of carbon
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Method

Stackelberg game, Cournot lower level

Emitter’s profits:
%+ Profits from production
= Capture costs

= Storage costs, price paid to
storage operators

= Transport costs
4 Capture subsidy

= Released CO, tax

Social welfare:

*+ Emitters’ profits

%+ Storage revenues
== Storage costs

%+ Released CO, tax
== Capture subsidy

== Social planner cost of carbon }e;
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v
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Emitter Emitter Emitter
max Profits max Profits max Profits
qcap €O, qcap €O, qcap CO;
l l l
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Method

Stackelberg game, Cournot lower level

Emitter’s profits:

+ Profits from production, concave
quadratic function

€

3

P,(E;) = —P;1Ef + P, ,E;

Pi1,Pi, =0

»
»

E;

Capture costs, convex
quadratic function
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v
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Method

Stackelberg game, Cournot lower level

Upper level
Emitter’s profits: Policymaker ®
= Storage costs, price paid to storage —
operators max Social Welfare
cap ,C0z2 €O, cap
L ) 1 ) )
Pst €
( /tC()z?‘ Taxes and subsidies
Mcst v
st,Perf'e.ct Lower level
pcompetltlon
pst.Cournot Emitter Emitter Emitter
max Profits max Profits max Profits
qicap, eiCOz qicap’ eiCOz qlf:ap, el_COz

QCournot Perfect . Qcap (tCOZ)

Q competition
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Method

Stackelberg game, Cournot lower level

Upper level
: O
Solution algorithm: (m!) SOUSHITELEr -
o max Social Welfare
Lower level convex optimization problem ap l02 1COz eap
Reformulate into KKT conditions o
Taxes and subsidies
v
Lower level
Emitter Emitter Emitter
max  Profits max Profits max  Profits
ql{:ap’ eiCOz qicap’ eiCOz qlf:ap, eicoz
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Method

Stackelberg game, Cournot lower level

i @
Solution algorithm: (a) SOUSHITELEr -
L max Social Welfare
Lower level convex optimization problem G, ef 2, 1C02, geap
Reformulate into KKT conditions
Emitter
Single-level optimization problem, "
complementarity constraints KKT conditions
Emitter
KKT conditions
Emitter
KKT conditions
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ReSUItS - q ualltatlve Social planner
Stackelberg game, Cournot lower level Cournot competition, 0 = 0, 7% = p%

Cournot competition, ¢¢® > 0, t¢0%2 = ;€02

Cournot competition, g% > 0, t¢0%2 < ;€02

Social welfare Emitters’ profits

Storage price Captured carbon
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Next steps

Stackelberg game, Cournot lower level

@ Define a case study
M¥] Add spatial resolution

m Parametrize profit and cost functions
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Method

Stackelberg game

Upper level
Emitter’s profits: Policymaker ®
= Storage costs, price paid to storage —
operators max Social Welfare
cap ,C0z2 €O, cap
l ) l ) )
Pst (€/ )
tCo idi
2a Welfare loss Taxes and subsidies
McCst v
pst.PC Lower level
Pst,Cournot Emltter Emltter Em|tter
max  Profits max Profits max  Profits
qicap, eiCOz qicaP, eiCOz qicap; el_COz

QCournot QPC Qcap
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Results

Stackelberg game, equivalent to social planner

Equivalence conditions:
1 COZ —_ HCOZ

2. g% =0

3. Emitters in perfect competition against storage price

mmmm) Social planner solution
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