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Electricity markets in the news





I asked Google AI about New Zealand gentailer pro�ts
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Assumptions for energy-only markets

I perfect competition (price-taking participants)

I complete markets (all instruments are priced in market)

I linear capacity cost for technology j ajxj

I linear production cost for technology j cjyj

I known value of lost load V

I risk-neutral market participants

I complete information including probabilities

In practice, short-run marginal cost (SRMC) increases with output,
capacity is lumpy, competition is “workable”, markets are
incomplete, and agents are risk averse with different forward views.



Economic Dispatch & Pricing at a Single Node

Single-Node Dispatch
• For a single-node, it is clear how the system operator 

should decide who to dispatch. 

SupplyDemandP

Market clearing price System MC

Covers FC

Q

Hydro
coal

CC

GT

Old GTs

In perfect competition, the supply curve is the SRMC of each plant. The market
dispatches plant in merit order. The clearing price is set by the most expensive
dispatched plant. The grey area is Ricardian rent.



Classical screening curve ranks plant
[Boiteaux, 1960, Stoft, 2002]

Base load (SRMC=$c1/MWh, annual capacity cost =$a1/MW).

Peaker (SRMC=$c2/MWh, annual capacity cost =$a2/MW).

Load shed (SRMC=V )

Peaker runs for = a1�a2
c2�c1

hours. Load shed for a2
V�c2

hours.

Screening curve showing most economical plant for different durations.



Screening curve capacity choices

Base load (SRMC=c1) on for 8760 hours in year.

Peaker (SRMC=c2) on for h(x1)=
a1�a2
c2�c1

hours.

Load shed (SRMC=V ) for h(x1 + x2) = a2
V�c2

hours.

Load duration curve with base load capacity x1 and peaker capacity x2.



Rents pay for capacity choices
Annual rent for peaker = h(x1 + x2)(V � c2)x2 = a2x2 .

Annual rent for base load
= h(x1 + x2)(V � c1)x1 + (h(x1)� h(x1 + x2))(c2� c1)x1

= (a2 + h(x1)(c2� c1))x1 = a1x1.

All plants make zero profit at social optimum capacities.
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Fallacies in energy-only electricity markets: Part I

I Fallacy: Peak generators need to offer energy above their
SRMC to recover fixed costs.

I Why? The scarcity price V gives the correct rent to peakers.

I Fallacy: If you cap prices below V then welfare will improve.

I Why? A low scarcity price V reduces capacity of all plants
below their socially optimal level. Lost load probability will
increase.

I Fallacy: Wholesale price should be the average cost of
generation, not the cost of the most expensive dispatched plant.

I Why? Possible change in merit order gives short-run efficiency
loss. Lower rents reduce capacity of all plants below their
socially optimal level. Lost load probability will increase.
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How does this work in New Zealand?

I Generators submit o�ers of energy to Transpower who
aggregates them and solves an optimization model called SPD.

I With demand-side bidding, V can be replaced by a utility
function for demand U(d ).

I Every �ve minutes, SPD returns the optimal dispatch and
locational marginal prices at each grid exit point.

I Prices p are marginal utility, so p = U0(d ).
I The dispatch and prices satisfy the optimality conditions of the

optimization problem.
I Henceforth, we consider a simple model with a single node.



SPD basic model: single node

Let n be a trading period, and J the set of generators, each with
capacity xj and SRMC cj (n).

Choose yj (n) and d (n) to solve:

SPD: minå
j2J

cj (n)yj (n) � U n(d (n))

s.t. å
j2J

yj (n) = d (n),

0 � y j (n) � x j , for all j 2 J ,



What are the optimality conditions?

Suppose that (y�j (n), d � (n)) is an optimal solution to SPD. Then
there exists p(n) and rj (n) � 0 satisfying

p(n) = U 0(d � (n))

å
j2J

y �
j (n) = d � (n)

0 � c j (n) + r j (n) � p(n) ? y �
j (n) � 0

0 � x j � y �
j (n) ? r j (n) � 0

Here 0 � a ? b � 0 means a � 0, b � 0, and both cannot be
strictly positive.



SPD gives system investment optimization model SMP

Let N = ftrading periods in a yearg. Choose xj , yj (n) and d (n)
to solve:

SMP: min å
j2J

aj xj + å
n2N

 

å
j2J

cj (n)yj (n) � U n(d (n))

!

s.t. å
j2J

yj (n) = d (n), for all n 2 N

0 � y j (n) � x j , for all j 2 J .



Fix optimal capacities at x � , and solve dispatch problems

Let N = ftrading periods in a yearg.

SPD(x�
j ): min å

j2J
aj x�

j + å
n2N

 

å
j2J

cj (n)yj (n) � U n(d (n))

!

s.t. å
j2J

yj (n) = d (n), for all n 2 N

0 � y j (n) � x �
j , for all j 2 J .

This decouples into j N j dispatch problems, where plant j o�ers
x�

j at marginal cost cj (n), and demand bids marginal utility U0n(d ).

SPD has same dispatch and prices as SMP.



Optimality conditions for SMP imply SPD rents cover costs

p(n) = U 0(d (n))

0 � c j (n) + r j (n) � p(n) ? y j (n) � 0

0 � x j � y j (n) ? r j (n) � 0

0 � a j � å
n2N

r j (n) ? x j � 0

Annual rent (Rj ) for technology j = å
n2N

(p(n) � c j (n))y j (n)

= å
n2N

r j (n)yj (n)

= å
n2N

r j (n)xj = a j xj



The story so far...
I Assume

I perfect competition
I complete markets
I linear capacity cost aj xj
I linear production cost cj (n)yj (n)
I concave di�erentiable utility U(d )

I Solve investment problem SMP to give optimal capacities for
each technology.

I With capacities �xed, solve dispatch problem SPD in each hour
to give system marginal prices.

I The total annual Ricardian rent (Rj ) earned by each technology
j exactly covers its annual capital cost aj xj .

I SMP solution is a competitive equilibrium.
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Uncertain supply: n is a node in a scenario tree.

A scenario tree with 30 nodes and 18 scenarios. Node n has probability p(n).



Wind/solar generator with uncertain supply w(n)

SMP: min qx + å n2N p(n)(C (g (n)) � U n(d (n)))
s.t. z(n) = d (n) � g (n) [p(n)p(n)]

z(n) � xw(n) [p(n)f(n)]

0 � p(n) � f(n) ? z(n) � 0

0 � xw(n) � z(n) ? f(n) � 0

0 � q � å
n2N

p(n)w(n)f(n) ? x � 0

E[R ] (rent) = å
n2N

p(n)p(n)z(n) = å
n2N

p(n)f(n)z(n)

= å
n2N

p(n)f(n)w(n)x = qx



Run-of-river plant with in
ow w(n)
(in
ow measured in MW)

SMP: min qx + å n2N p(n)(C (g (n)) � U n(d (n)))
s.t. z(n) � d (n) � g (n) [p(n)p(n)]

z(n) � w(n) [p(n)l(n)]
z(n) � x [p(n)f(n)]

0 � p(n) � l(n) � f(n) ? z(n) � 0

0 � x � z(n) ? f(n) � 0

0 � w(n) � z(n) ? l(n) � 0

0 � q � å
n2N

p(n)f(n) ? x � 0



Run-of-river plant optimality conditions

0 � p(n) � l(n) � f(n) ? z(n) � 0

0 � x � z(n) ? f(n) � 0

0 � w(n) � z(n) ? l(n) � 0

0 � q � å
n2N

p(n)f(n) ? x � 0

E[R ] = å
n2N

p(n)p(n)z(n) = å
n2N

p(n)(f(n) + l(n))z(n)

= å
n2N

p(n)f(n)x + å
n2N

p(n)l(n)w(n)

= qx + å
n2N

p(n)l(n)w(n)



Hydro storage reservoir with uncertain in
ows
(in
ow measured in MW)

I The reservoir capacity is h and the station capacity is x.
I In
ow in node n is w(n).
I Reservoir cost is yh. Station cost is qx.
I Can calculate expected rent E[R ] for each station from solution

to dispatch problem as a stochastic program giving optimal
generation z(n) and marginal water value l(n).

E[R ] = å
n2N

p(n)p(n)z(n) = yh + qx + å
n2N

p(n)l(n)w(n).



What have we learnt?
I Run-of-river hydro plant with in
ow w(n) makes surplus rent

å n2N p(n)l(n)w(n).
I Reservoir hydro plant with in
ow w(n) makes surplus rent

å n2N p(n)l(n)w(n).
I These surplus in
ow rents occur in energy-only markets under

perfect competition.
I The size of the hydro plants is socially optimal given the SMP

model. Paying dividends instead of capacity expansion is
economically rational...

I ...but if there were more river chains with unused in
ows to
exploit then the SMP capacity outcomes would be suboptimal;
entry would be pro�table.



Estimation of in
ow rent in NZ system
I JADE.jl (SDDP.jl inside) is EPOC's NZ hydrothermal model.
I We can run a version of JADE.jl to optimize investments in �rst

stage and operations over an in�nite horizon with discounting
(see Hole, P., Dowson, 2025).

I JADE.jl gives approximately optimal investments as it
approximates expected operating cost well . . .

I . . . but JADE.jl can have poor approximations of optimal
actions in improbable future states of the world. . .

I . . . and JADE.jl can have poor approximations of future prices
and Ricardian rents.

I Our screening curve analysis is not veri�able in JADE.jl so to
verify we revert to a scenario tree built from 81 years of in
ows.
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