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Electricity Policy Targets

Electricity policy target is providing reliable and sustainable electricity with efficient price
to customers.

(United Nations Development Plan, 2015)
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@ Scarce resources due to missing money (Joskow and Tirole 2007)
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Current Markets

@ Scarce resources due to missing money (Joskow and Tirole 2007)
@ High prices due to market power (Bushnell 2004)

@ Inefficient and costly carbon reduction (Acemoglu et al. 2014, Hogan 2015)
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Implementation Constraints

Implementation constraints:

@ Physical constraints: network constraints, emerging technologies (smart grid,
renewables)
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Implementation Constraints

Implementation constraints:

@ Physical constraints: network constraints, emerging technologies (smart grid,
renewables)

@ Incentive constraints: market competition, incentives and minimum regulations
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@ Price cap and market monitoring for price efficiency?

@ Direct capacity incentives for reliability?
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Debates

@ Price cap and market monitoring for price efficiency?

@ Direct capacity incentives for reliability?
e for price efficiency?

© Quantity policy (carbon markets) for sustainability?
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Debates

@ Price cap and market monitoring for price efficiency?

@ Direct capacity incentives for reliability?
e for price efficiency?

© Quantity policy (carbon markets) for sustainability?
e Charging carbon vs. supporting renewables for sustainability?
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restructured industry with emerging technologies

We implement electricity policy targets (reliablity, sustainability and price efficiency) in a
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Contribution

We implement electricity policy targets (reliablity, sustainability and price efficiency) in a
restructured industry with emerging technologies

by designing electricity markets that are budget balanced, individually rational, and
socially optimal,
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Contribution

We implement electricity policy targets (reliablity, sustainability and price efficiency) in a
restructured industry with emerging technologies

by designing electricity markets that are budget balanced, individually rational, and
socially optimal,

using a uniform framework of auctions with constraints.
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Efficient Auction without Constraints

max U(D " en) = > Cr(en)
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Idea:

@ Individual prices independent of one's own proposal for market power (Leonid
Hurwicz)

@ discriminatory price off-equilibrium + uniform price at equilibrium for social
optimality (William Hogan)
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Efficient Auction without Constraints
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Idea:
@ Individual prices independent of one’s own proposal for market power (Leonid

Hurwicz)

@ discriminatory price off-equilibrium + uniform price at equilibrium for social

optimality (William Hogan)
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Efficient Auctions with Individual Constraints
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Efficient Auctions with Individual Constraints

_max U en) =3 Cilen) = - Ci(dx)

neN neN neN
sit. 0< e <xpo+Ax, Vne N

0< Ax, < Ax, VneN

@ Efficient auction of electricity production also implements efficient expansion.
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Efficient Auctions with Homogeneous Joint Constraints
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Efficient Auctions with Homogeneous Joint Constraints

Two stage implementation of homogeneous joint constraint (uneconomic constraint):
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Two stage implementation of homogeneous joint constraint (uneconomic constraint):

@ Decomposition technique:
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Two stage implementation of homogeneous joint constraint (uneconomic constraint):

@ Decomposition technique:

V*(x) = max U(Z en) — Z Cs(en)

en,nEN
neN neN
sit. 0<e, <x,VneN,

followed by

max V¥(x) - Z Co(Axn)

Axp,neN
neN

s.t. 0<Ax,<Ax, VYneN

an > X.

neN

@ Single price for the homogeneous joint constraint that can be discovered using a
separate auction
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Design

Energy-and-capacity

Capacity Carbon

Transmission Spot
Market Market Right Market ~ Market
Energy-only
Carbon Transmission Spot
Market Right Market Market
(with Operation Reserve)
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Contribution to the debates

@ Price-cap and market monitoring for price efficiency? NO
@ Direct capacity incentives for reliability? Capacity markets pay less subsidy than
operation reserve market.
e for price efficiency? NO
@ Carbon markets for sustainability?

e Charging carbon vs. supporting renewables for sustainability? We can
provide efficient designs for both.
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