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A generation short term market: day-ahead
mandatory pool

@ Today: generators taking into account an estimation of the
demand 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”.

@ Tomorrow: 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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The (ISO) knows a realization of the demand d € IRV, receives

the costs functions bid (¢;);c¢ and compute: (¢;)ica, (Ni)iea

Ci\g; 1
iy Sa) ")
Z%h2+d<qz Zhsgnez) ieG 2
eceK; ecK;

E[O,q_i], i €@,

0<h
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We denote Q(c, d) ¢ IR“ the generation component of the
optimal solution set associated to each cost vector submitted

¢ = (¢;) and demand d.

We denote A(c,d) C IR the set of multipliers associated to the
supply=demand in the ISO problem.

12/41



Outline Introduction and motivation Modeling Market Market Power Efficient regulations and mechanism design
0000 000000
00000

Modeling Generators

@ At each node i € G we have a generator with payoff

ui(A, q) = Mg — ¢i(q)

¢; is the real cost.
© The strategic set for each player i denoted S;:

{¢;: R — IR4| convex, nondecreasing, bounded subgradients }

de; C [0,p*], p* is a price cap.
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Equilibrium: Nash

Equilibrium

An equilibrium is (¢, A, m) such that ¢ is a selection of Q(-, )
and X is a selection of A(-,-) and m = (m;);cc is a
mixed-strategy equilibrium of the generator game in which each
generator submits costs ¢; € S; with a payoff

Eu;(Ai(e, ), gile,+)) :/l)[)\i(c,d)qi(c,d)—ci(qi(c,d))]dP(d),
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Equilibrium: Nash

Literature

@ In some cases, for example, using a supply function
equilibria approach there are previous works by Anderson,
Philpott, or using variational inequality approach by Pang,
Ralph or also using game theory by Smeers, Wilson,
Joskow, Tirole, Oren, Borestein, Bushnel, Wolak...

@ Limited network representation or strategic behavior or
strategy space.
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Two nodes case

Symmetric Nash equilibrium

Profit = multiplier x quantity — cost x quantity

d
r

$

Nash = c¢/(1-2rd)

d<1/2r
q
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2
min Y ¢g;
q;h

Given that each generator reveals a cost ¢;, the (ISO) solves:
=1

st. ¢ —hi+h_;>5Lhi+h3]+d for i=1,2
¢i,hi >0 for i=1,2

«0O)>» «F»r «

it
v
it

DA
20/41



@ Escobar and J. (ET (2010)) equilibrium exists but

producers charge a price above marginal cost:

Nash =¢/(1 — 2rd)
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|Qi(c d) — Qi(¢i, c—i, d)| < ki,
(14'71

min;eq i c+(0)
¢ (0) = lim,_,

Lot cz(y)ycz(ﬂ)

where n = 2

€]0, +oo[ and

Why? losses => the second-order growth

«0>» «F» «=)r» «

Letc € [];c Si and c; — ¢; a Lipschitz function with constant k.
Then,
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Outline Introduction and motivation Modeling Market Market Power
0000

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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The equilibrium prices p; satisfy

Elp; —v| 2

E[Qi(pi, p—i, d)]
i

2
_ K; 2 1+ eEe ceeK;
where 1; = 2| | ( maz{r < })

Px Mineec g Te

v(p—i, d) is a measurable selection of 0¢;(Qi(pi,p—i,d))
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Linear case: ¢;(q) = ¢;q, then

pi —C

)

> E[Q; (Pi:p—z', d)] _

n
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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



@ Two-node network with demand d at each node.

@ One producer at each node, with marginal cost of
production ¢; ~ Fj[c;, ;]

@ Transmission costs rh2, with h the amount sent from one
node to another.
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2
min Y ¢g;
q;h

Given that each generator reveals a cost ¢;, the ISO solves:
=1

st. ¢ —hi+h_;>5Lhi+h3]+d for i=1,2
¢i,hi >0 for i=1,2
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If we define

1 (fz—vy 2 zT—y
H(z,y) =d+ — .
(@) +2r (a:—i—y) r (w—i—y)

and

r

_ 2[1—\/1—2dr]
q=cs|\———
then the solution to this problem can be written as

H(ci,c_i) if H(CZ’,C_Z') >0 and H(c_i,ci) >0

gi(ci,e—i) = @ if H(c_i,c) <0

0 if H(ci,c—i) <0

Xi(cisc—i) = pilciye—) = ¢ it H(cic—) >0
(O B a=ra2r E HAC
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The benchmark game

The Bayesian Game

The game:
@ 2 players. Strategies ¢; € C; = [¢;, ¢, i=1,2.
@ Payoff u;(c;,c—i) = (Ni(eiye—i) — ¢i)qi(ci, c—4),
where c; is the real cost. The Equilibrium:
@ Astrategy b; : [¢;, ;] — IRT (convex at equilibrium!)
@ In a Nash equilibrium

be) € argmax [ (e ble-i)) ~ o Be-)f(eoi)de-y
C_;

()
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The benchmark game

Numerical Approximation

@ For simplicity C; = [1, 2].
@ Letk e {0,...,n— 1}, and b(c) = b, for ce [ EE]
@ The weight of each interval is given by
wy = F(ER) — F(}).
@ The approximate equilibrium is characterized by:

n—1

by, € argmax Z[)\i(ac,bl)—rk}qi(m,bl)wl forall ke {0,..,n—1}
1=0
(6)
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The benchmark game

Optimal Mechanism. Principal Agent Model (Myerson)

@ A direct revelation mechanism M = (q, h, x) consists of an
assignment rule (q1,qo, h1,h2) : C — R* and a payment
rule x : C — R2.

@ The ex-ante expected profit of a generator of type ¢; when
participates and declares ¢, is

Ui(ci, Cgé (q,h, 7)) = Ecﬂ'[%‘(c& ci) — Ci‘]i(c;a c—i)]

@ A mechanism (¢, h, z) is feasible iff:

Ui(ci,cis (g, h,x)) > Ui(e, cis (g, h,x)) forall ¢, c; € C;
Ui(ci,ci; (g, h,x)) > 0 forall ¢; € C;

gi(c) = hi(e) + h_i(c) > g[h%(c)mg(c)]w forall ceC
gi(c),hi(c) > 0 forall ceC
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written as:

Using the revelation principle, the regulator’s problem can be

min / 22: zi(c) f(e)de

C i=1

(7)
subjectto (¢, h,z) being “feasible”
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The benchmark game

The Regulator’s Problem (ll)

It can be rewritten as

min f Z qi(c)[ci + ?:((:’:))]f(c)dc

s.t f ql ci,c_i)f—i(c_;)dc_; is non-increasing in c¢;
C_;

gi(c) — hi(c) + h_i(c) > 5[h3(c) + h3(c)] +d forall ce C
qi(c),hi(c) >0 forall ceC

We denote by J;(c;) = ¢; + f(( )) 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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An optimal mechanism is given by

H(JZ(Cz), J_i(c_i)) if H(JZ(CZ), J_i(c_i)) >0 ar
(ji(ci,c_,-) = { q if H(J_i(c_i),Ji(Ci)) <0
0 if H(Ji(ci), J_i(c_i)) <0

¢
Zi(ci,cy) = Ci(ji(ci,c—i)+/di(S,c—i)ds

Cq

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

oy = { e

—a(z —1)+ (14 %)
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Comparing Benchmark with Optimal Mechanism

Robustness and Practical Implementation

@ The optimal mechanism is detail free. If the designer is
wrong about common beliefs, then the mechanism is still
not bad:

1X7 = Xl < [lallillf = Flloo < @llf = flloo

@ The assignment rule is computationally simple to
implement. It requires solving once the dispatcher
problem, with modified costs.

@ However, the payments are computationally difficult

Cq

Ciéz‘(cuc—i)+/(L‘(S7C—z‘)d8

Ci
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Comparing Benchmark with Optimal Mechanism
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