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Outline

• Introduction and motivation

• Modeling and Market Power

• Efficient regulations and mechanism design

• Conclusions

Since the liberalization of the energy markets in the 80´s, they
have been modified or improved to avoid market power
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ISO

How It Works - The California ISO

Meeting Calendar | OASIS | Employment | Site Map | Contact Us

HOME | BACK  Search    

How It Works

http://www.caiso.com/aboutus/infokit/HowItWorks.html10/11/2004 12:29:26 AM
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California

home/about us/

Electricity System Structure

The
System

Structure

 

[Contact Us] [Org Chart] [Bios] [Restructuring] [Photo Lib] [Brochure] [Info Kit] [Glossary] [Links]

Home | Site Map | Search

About Us | Public Info | Newsroom | The Grid | Market Analysis | Client Services | 
Market Operations

Site Help | Contact Us | Webmaster

    

Electricity System Structure

http://www.caiso.com/aboutus/restructure/p13.html10/11/2004 12:52:10 AM
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CENT ANS DE HAUTE TENSION ÉLECTRIQUE À PARIS
57

liaison, 3,5 km empruntent la galerie ; le reste est installé sous 
la chaussée. Ce choix permet de réduire les coûts de génie 
FLYLO�PDLV�DXVVL��HQ�E«Q«ƶFLDQW�GšXQH�PHLOOHXUH�G«SHUGLWLRQ�
FDORULƶTXH� HQ� JDOHULH�� GšLQVWDOOHU� XQ� F¤EOH� SOXV� SHWLW� SRXU�
XQH�P¬PH�FDSDFLW«�GH�WUDQVLW��7HFKQLTXHPHQW�� OD�VHFWLRQ�
GX�F¤EOH�HVW�U«GXLWH�GH�������PPt�FXLYUH�VRXV�FKDXVV«H� 
¢�����PPt�DOXPLQLXP�HQ�JDOHULH�

LA GALERIE 
CHARENTON-NATION

Cette galerie est construite dans le cadre de la mise en ser-
vice du poste Nation, dans le XIe�DUURQGLVVHPHQW��HQ�������
Creusée entre les postes de Charenton et de Nation, cette 
JDOHULH�FRPSWH�����NP��GRQW�WURLV�¢�OšLQW«ULHXU�GH�3DULV��(OOH�
FRXYUH�OšHQVHPEOH�GH�OD�OLDLVRQ�HQWUH�OHV�GHX[�SRVWHV��(OOH�
DFFXHLOOH�WURLV�F¤EOHV��������9�XQLSRODLUHV�HQWUH������HW�
������GDWH�¢� ODTXHOOH� OD�JDOHULH�D�«W«�YLG«H�DSUªV� OD�PLVH�
KRUV�VHUYLFH�GHV�F¤EOHV�
&LWRQV� «JDOHPHQW� OHV� GHX[� JDOHULHV� Gš$UULJKL�� ORQJXHV�
FKDFXQH�GH�����P�HW�FRQVWUXLWHV�HQ������HW�������GDQV�
OHVTXHOOHV�VRQW�LQVWDOO«HV����OLDLVRQV�GH�GLVWULEXWLRQ�HW�GH�
transport.
La liaison de trois km, entre les postes de Flandres dans 
le XIXe arrondissement et de Magenta dans le Xe, com-
prend une partie en galerie souterraine. Celle-ci est 
FRQVWUXLWH� HQ� ����� SDU� OD� &3'(� SXLV� HVW� U«XWLOLV«H� HQ�
�����DX�G«SDUW�GX�SRVWH�GH�)ODQGUHV�VXU�������P�SRXU�OD�
FRQVWUXFWLRQ�GH�OD�UDGLDOH���������9�

La construction des galeries a généralement été faite par ouverture de tranchées, à l’image de la construction du métro. 
Plus récemment, elles ont été creusées de la même façon que des mines, sans tranchée. Dans un sous-sol encombré,  
la réalisation d’un ouvrage de telle dimension peut nécessiter des profondeurs importantes. En 2001, la construction du poste 
de Ternes et la liaison Perret-Ternes a nécessité la construction de plus de 500 m de galeries sans ouverture de tranchée. 
Du personnel spécialisé dans le travail dans les mines, utilisant des explosifs pour le creusement a été sollicité. 
   

LA CONSTRUCTION
DES GALERIES

GÉOGRAPHIE DES POSTES DU RÉSEAU 
D'ALIMENTATION PARISIEN

Remarque : dans Paris, le réseau de tunnels 
souterrains le plus dense est celui du métropolitain. 
Pourtant, aucun câble de transport électrique 
n’emprunte d’ouvrages creusés pour ce mode de 
transport en commun. Cela s’explique par des raisons 
de sécurité liées aux normes en vigueur dans le cadre 
du transport de voyageurs en cas d’incendie, mais 
surtout par des questions pratiques d’accès aux 
câbles pour maintenance. 
(Q�HƷHW��OD�PDLQWHQDQFH�GH�WHOV�RXYUDJHV�VHUDLW�
limitée aux heures de fermeture du métro parisien 
et nécessiterait des dérogations spéciales pour 
l’autorisation d’intervention dans les tunnels. 

CERGY

TERRIER

VILLEJUST

CIROLLIERS
LE CHESNOY

MORBRAS

VILLEVAUDÉ

SAUSSET

PLESSIS-GASSOT

SEINE

AVENIR
ROMAINVILLE

MALASSIS

VINCENNES

CHARENTON

ARRIGHI

ST-OUENFALLOU
NOVION

PERRET

PUTEAUX

MENUS

HARCOURT

MEZEROLLES

YVELINES
MISE EN 
SERVICE 
SEPT. 2008

MOULINEAUX

CHEVILLY
CRETAINE

Poste de transformation 
400 000 V /225 000 V

Poste de répartition 
225 000 V

Couloir d'alimentation des postes 
de répartition

Boucle, regroupant les postes 
400 000 V, situés en lointaine banlieue

Liaisons interpostes

Liaisons de secours entre postes

LE 
DÉVELOPPEMENT 
DU RÉSEAU 
D’ALIMENTATION 
PARISIEN

UN SIÈCLE  
D'ÉVOLUTION  
TECHNOLOGIQUE

DES 
RÉALISATIONS
INNOVANTES

VIE DES 
LIAISONS 
SOUTERRAINES 
ÉLECTRIQUES

DES 
HOMMES 
AU SERVICE 
DU RÉSEAU
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A generation-transmission pool market

Short term: for example day-ahead markets

Today: generators reveal generation cost functions taking
into account an estimation of the demand. Generators bid
increasing piece-wise linear cost functions or equivalently
piece-wise constant ”price”. Even general convex cost
functions.

Tomorrow: the (ISO) using this information and knowing a
realization of the demand, minimizes the sum of the costs to
satisfy demands at each node considering all the transmission
constraints: ”dispatch problem”.

The (ISO) sends back to generators the optimal quantities
and ”prices” (multipliers associated to supply = demand
balance equation at each node)
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ISO problem

The (ISO) knows a realization of the demand d ∈ IRV , receives the
costs functions bid (ci)i∈G and compute how much each generator
will produce (qi)i∈G and the system of ”prices-multipliers”
(pi)i∈G solving the following ”dispatch” problem:

DP(c, d) OPT(c, d) = min
(h,q)∈Ω(d)

∑
i∈G

ci(qi).

In which, for each demand vector d, we encapsulate the supply ≥
demand and capacity constraints in:

Ω(d) ⊂ IRE × IRG,

defined by the following constraints (1)-(2).
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Outline

Introduction
and motivation

Introduction
and Motivation

Introduction
and Motivation

Modeling and
Market Power

Modeling ISO

Equilibrium

The framework

Benchmark

Optimal
Mechanism

Comparison

Robustness and
Practical
Implementation

modeling ISO: supply-demand constraints

A dispatch (h, q) ∈ IRE × IRG is feasible when (Node balance)∑
e∈Ki

re

2
h2

e + di ≤ qi +
∑
e∈Ki

hesgn(e, v), v ∈ G (1)

It is called DC approximation.
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ISO: Capacity on generation and transmission lines
constraints

qi ∈ [0, q̄i], v ∈ G, (2)

where q̄i > 0.

0 ≤ he ≤ he

.
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We denote Q(c, d) ⊂ IRG the generation component of the optimal
solution set associated to each cost vector submitted c = (ci) and
demand d.
We denote Λ(c, d) ⊂ IRG the set of multipliers associated to the
node balance (1) in the problem DP(c, d)
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Modeling Generators

At each node v ∈ G we have a generator with payoff

ui(p, q) = pq− c̄i(q)

, in which c̄i is the real cost. The strategic set for v ∈ G denoted Si

is the set of functions ci : IR→ IR+ convex, nondecreasing with
bounded slope- subgradients in [0, p∗] where p∗ is a price cap.

Alejandro Jofré Optimal regulations-pricing rules for a wholesale electricity market



Optimal
regulations-

pricing rules for
a wholesale
electricity

market

Alejandro Jofré
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Equilibrium

An equilibrium is (q, λ,m) such that q is a selection of Q(·, ·) and
λ is a selection of Λ(·, ·) and m = (mi)i∈G is a mixed-strategy
equilibrium of the generator game in which each generator
submits costs ci ∈ Si with a payoff

Eui(λi(c, ·), qi(c, ·)) =

∫
D

ui(λi(c, d), qi(c, d))dP(d),

where

ui(λi(c, d), qi(c, d)) = λi(c, d)qi(c, d)− c̄i(qi(c, d))
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Two-node case

Two nodes case 

Symmetric Nash equilibrium 

$ 

   

q 

d  d 

Nash = c/(1‐2rd) 

r 

Profit = mul@plier × quan@ty − cost × quan@ty  

d < 1/2r 
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Introduction and Motivation: the ISO Problem

Given that each generator reveals a cost ci, the (ISO) solves the
following minimization problem whose optimal value is denoted
OPT(c, d)

min
q,h

2∑
i=1

ciqi

s.t. qi − hi + h−i ≥ r
2 [h2

1 + h2
2] + d for i = 1, 2

qi, hi ≥ 0 for i = 1, 2
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Introduction and Motivation: result

Escobar and J. (ET (2010) and MOR ( 2009)), in a
symmetric model with complete information, establish that
in the presence of transmission costs, equilibrium exists but
producers charge a price above marginal cost with the current
regulation.

demand d, r resistance, c(q) = cq, c̄ is the real cost,

Nash = c̄/(1− 2rd)
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Economic Intuition

This model might also be viewed as an extension of a
Bertrand Game

The losses in the transmission lines induce a product
differentiation among generators: Q is continuous.

But... Qi is non-differentiable. So, Λ is a set valued map and
therefore when cannot use the usual tools of oligopoly theory.
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Sensitivity formula

Proposition

Let c ∈
∏

i∈G Si and ci − ĉi a Lipschitz function with constant κ.
Then,

|Qi(c, d)− Qi(ĉi, c−i, d)| ≤ κη,

where η = 2 (1+rihi)
2

mini∈G ric+i (0)
∈]0,+∞[ and

c+
i (0) = limy→0+

ci(y)−ci(0)
y .

Why? Because of the losses, the second-order growth condition is
satisfied.
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Market Power formula

Dangerous incentive: If the number of generators is small or the
topology of the network isolates some demand nodes then the
generators will play strategically with the ISO exercising market
power.
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Market Power formula

Proposition
The equilibrium prices pi satisfy

E|pi − γ| ≥
E[Qi(pi, p−i, d)]

η̄

where η̄i = 2
|Ki|2
(

1+max{rehe : e∈Ki}
)2

p∗ mine∈K re
and

γ(p−i, d) is a measurable selection of the subdifferential
∂c̄i(Qi(pi, p−i, d)). If for example the true costs are linear,
c̄i(q) = c̄iq, then

pi − c̄i ≥
E[Qi(pi, p−i, d)]

η̄
.
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The Questions

In an electric network with transmission costs and private
information:

Does the usual (price equal Lagrange multiplier) regulation
mechanism minimize costs for the society?

If not, what is the mechanism that achieves this objective?

How does the performance of both systems compare?

Methodology:

Bayesian Game Theory

Mechanism Design
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Framework

Two-node network with demand d at each node.

One producer at each node, with marginal cost of production
ci ∼ Fi[ci, ci].

Transmission costs rh2, with h the amount sent from one
node to another.
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Benchmark
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The ISO Problem

Given that each generator reveals a cost ci, the dispatcher solves:

min
q,h

2∑
i=1

ciqi

s.t. qi − hi + h−i ≥ r
2 [h2

1 + h2
2] + d for i = 1, 2

qi, hi ≥ 0 for i = 1, 2

Alejandro Jofré Optimal regulations-pricing rules for a wholesale electricity market



Optimal
regulations-

pricing rules for
a wholesale
electricity

market

Alejandro Jofré
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The Solution for ISO problem

If we define

H(x, y) = d +
1
2r

(
x− y
x + y

)2

− 1
r

(
x− y
x + y

)
and

q = 2
[

1−
√

1− 2dr
r

]
then the solution to this problem can be written as

qi(ci, c−i) =


H(ci, c−i) if H(ci, c−i) ≥ 0 and H(c−i, ci) ≥ 0
q if H(c−i, ci) < 0
0 if H(ci, c−i) < 0

λi(ci, c−i) ≡ pi(ci, c−i) = ci if H(ci, c−i) ≥ 0
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The Bayesian Game

The game:

2 players. Strategies ci ∈ Ci = [ci, ci], i=1,2.

Payoff ui(ci, c−i) = (pi(ci, c−i)− ci)qi(ci, c−i),

where ci is the real cost. The Equilibrium:

A strategy b : [ci, ci] −→ [ci, ci].

In a Nash equilibrium

b̄(c) ∈ arg max
x

∫
C−i

[pi(x, b̄(c−i))−c]qi(x, b̄(c−i))f−i(c−i)dc−i

(3)
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Numerical Approximation

For simplicity Ci = [1, 2].

Let k ∈ {0, ..., n− 1}, and b(c) = bk for c ∈ [ k
n ,

k+1
n ].

The weight of each interval is given by wk = F( k+1
n )− F( k

n).

The approximate equilibrium is characterized by:

bk ∈ arg max
x

n−1∑
l=0

[pi(x, bl)−rk]qi(x, bl)wl for all k ∈ {0, ..., n−1}

(4)
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Mechanisms

A direct revelation mechanism M = (q, h, x) consists of an
assignment rule (q1, q2, h1, h2) : C −→ R4 and a payment
rule x : C −→ R2.
The ex-ante expected utility of a buyer of type ci when he
participates and declares c′i is

Ui(ci, c′i; (q, h, x)) = Ec−i [xi(c′i, c−i)− ciqi(c′i, c−i)]

A mechanism (q, h, x) is feasible iff:

Ui(ci, ci; (q, h, x)) ≥ Ui(ci, c′i; (q, h, x)) for all ci, c′i ∈ Ci

Ui(ci, ci; (q, h, x)) ≥ 0 for all ci ∈ Ci

qi(c)− hi(c) + h−i(c) ≥ r
2

[h2
1(c) + h2

2(c)] + d for all c ∈ C

qi(c), hi(c) ≥ 0 for all c ∈ C

Alejandro Jofré Optimal regulations-pricing rules for a wholesale electricity market



Optimal
regulations-

pricing rules for
a wholesale
electricity

market

Alejandro Jofré
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The Regulator’s Problem

Using the revelation principle, the regulator’s problem can be
written as:

min
∫
C

2∑
i=1

xi(c)f (c)dc (5)

subject to (q, h, x) being “feasible”
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The Regulator’s Problem (II)

It can be rewritten as

min
∫
C

2∑
i=1

qi(c)[ci + Fi(ci)
fi(ci)

]f (c)dc

s.t
∫

C−i

qi(ci, c−i)f−i(c−i)dc−i is non-increasing in ci

qi(c)− hi(c) + h−i(c) ≥ r
2 [h2

1(c) + h2
2(c)] + d for all c ∈ C

qi(c), hi(c) ≥ 0 for all c ∈ C

We denote by Ji(ci) = ci + Fi(ci)
fi(ci)

the virtual cost of agent i. We
assume it is increasing (Monotone likelihood ratio property: true
for any log concave distribution)
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Solution

An optimal mechanism is given by

q̂i(ci, c−i) =


H(Ji(ci), J−i(c−i)) if H(Ji(ci), J−i(c−i)) ≥ 0 and H(J−i(c−i), Ji(ci)) ≥ 0
q if H(J−i(c−i), Ji(ci)) < 0
0 if H(Ji(ci), J−i(c−i)) < 0

x̂i(ci, c−i) = ciq̂i(ci, c−i) +

ci∫
ci

q̂i(s, c−i)ds

Such a mechanism is dominant strategy incentive compatible.
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We consider the family of distributions with densities

fa(x) =

{
a(x− 1) + (1− a

4) if x ≤ 1.5
−a(x− 1) + (1 + 3a

4 ) if x ≥ 1.5
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The optimal mechanism is detail free. If the designer is
wrong about common beliefs, then the mechanism is still not
bad:

||Xf − Xf̃ || ≤ ||x||1||f − f̃ ||∞ ≤ c̄q̄||f − f̃ ||∞
The assignment rule is computationally simple to implement.
It requires solving once the dispatcher problem, with
modified costs.
However, the payments are computationally difficult

ciq̂i(ci, c−i) +

ci∫
ci

q̂i(s, c−i)ds

The integral requires solving infinitely many dispatcher
problems. But it can be approximated using the risk
neutrality of agents.
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