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Low Emission Economy



Low Emission Society

(1) Bio Society
(2) Hydrogen Society (JKFE#H =)
(3) Electrification Society (Eibt#t&)




Electrification Society
Oil, Gas, Coal — Electricity

Decarbonization of the power supply

Conventional Fuel Thermal=Nuclear, Renewable,
Fuel Thermal +CCSU

Electrification + Decarbonization of the power supply
= Ultra Low-Carbon Economy

Hydrogen and Bio can also play important roles in
electrification society.



Near-Zero Emission Society

ICPP: almost zero net emission by 2050
Japan: 80% reduction of CO2 by 2050
To meet this standard,

(a) High level of energy saving,

(b) Electrification

(c) The emission of current heavy emission industries
such as electric power supply, steal, cement, must
be close to zero.



Zero Emission of Electricity Industry

Renewable
Nuclear

electric power demand-supply adjusting reservation
capacity —Hydrogen from renewable, Bio thermal,
Pumped-storage hydropower, Battery, DR(Demand
Response)



Emission Intensity Regulation



Emission Cap versus Emission
Intensity

Emission Cap Regulation ~ Restriction of Total
Emission

Emission Intensity Regulation ~ Restriction of Total
Emission per Output (Restriction of Unit Emission)



Emission Cap Regulation
(Emission Tax) versus Emission
Intensity Regulation

Japanese government traditionally prefers emission
Intensity regulation to emission cap regulation, but it
IS repeatedly criticized by other governments and
environment protection group.

Firm has a weaker incentive to reduce its output level
under emission intensity regulation than emission
cap regulation.



Carbon Pricing

Carbon tax that is equal to the marginal damage of
CO2 emission (Pigovian Tax) internalizes the
negative externality and yields the first-best
outcome under perfect competition.

Introducing the carbon tax in electric power market
may be an obstacle for electrification because it
raise the electricity price and harm the competitive
advantage of electricity over gas, oil, and so on.

However, it provides a strong incentive for reducing
emission intensity and is useful for decarbonization
In the industry.

To mitigate the former defect, EPA planned to use tax
revenue to reduce the electricity price.

Oligopoly Theory 11



Carbon Pricing and Refunding

To promote electrification, EPA planned to use tax
revenue to reduce the electricity price.

Carbon pricing + refunding of tax revenue

= Eliminating consumption reducing effect from
carbon pricing

~ A similar effect of emission intensity regulation

Oligopoly Theory 12



The Equivalence of Emission Tax
with Tax-Revenue Refund and
Emission Intensity Regulation
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Efficiency of Emission Tax

Under perfect competition, Pigovian tax yields the first-
best outcome (i.e., optimal tax rate is equal to the
marginal social cost of emission).

Emission tax with refunding yields the excessive
consumption and causes distortion. Thus, emission
Intensity regulation is also suboptimal.

Emission intensity regulation may be better for welfare
than emission tax policy under imperfect competition
(Hirose and Matsumura, 2020, the paper presented
In the second lecture), but not optimal.



Optimality of Emission Pricing
Policies Based on Emission
Intensity Targets under Imperfect
Competition



Combination of Emission Intensity
Regulation and Emission Tax

AEerrgthis TlL,. emission tax T3 emission
intensity regulation T % first best [ZZER TEZLY,
2D %A EDHBEMNIL first bestTZERTE B,

emission intensity regulationZ i L. FEZEMH DHEH
ICEAL THZzhIT5 (BEERDICHEMEZHT)

emission intensity regulationZ:E L. FEZEMH DHEH
ICEH L CTHEHtEZIBA (BEERD Z53H) 9 5,




The Model

Cournot oligopolies.
Firms choose their output and emission abatement.
=We allow heterogeneity among firms.



Notations

g;: output quantity of firm i (i=1,2,...,n)
P(Q): demand function

C; (g; &) cost function

a;: abatement level of firm |

e, (0; a;) emission function

0:: emission intensity target

D(> .-," e;):social cost of the emission
t: tax rate



Notations

superscript *: the equilibrium outcomes
superscript o: the first-best outcomes

superscript 0o: the second-best outcomes in which
the government chooses the emission tax only




First-Best Outcomes

The first-order conditions:
p = dc/oq + D' de/oq;
'Dl ellaal — aCllaal
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Equilibrium Outcomes

The first-order conditions:
p +p'q+t6;=dc/oq; + t de/aq
't ellaal — 3C,/3a|
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Main Results

Proposition 1:

There exists (61, . . ., Bn) such that the policy
attains the first-best optimality if and only if the
tax rate Is Pigovian (i.e., t= D").

(1) COBRTmEEBNFLOND,

(2) mERERILIET —f, BLEEANDXIGITHES
BREDEBZETHEBINILEILY,

Propositions 2-3  First-BesthMtradable permits T %
=R S nI=-BtDBertrandiZEE T THH/E LN S,




Second-Best Emission Tax Policy

& DR

MARE|ZHRKIET B & S5 1Zemission tax rate Z iR
% ~second best emission tax policy
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Extension
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