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New Zealand news reports on electricity markets 2024-2026



I asked Google AI about New Zealand gentailer profits



How to address these assertions?

▶ Operations
▶ Perfectly competitive equilibrium is a benchmark;
▶ Equivalent to optimal social plan;
▶ Solve social plan using SDDP;
▶ Compare dispatch and prices of social plan with historical outcomes;
▶ Dispatch straightforward, prices not so much.

▶ Investment
▶ SDDP with Investment;
▶ Screening curves with VRE;
▶ Extension of screening curves to hydro



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
Rent for peaker = h(x1 + x2)(V − c2) = a2 .

Rent for base load
= h(x1 + x2)(V − c1) + (h(x1)− h(x1 + x2))(c2 − c1)

= a2 + h(x1)(c2 − c1) = a1.

Plant make zero profit at optimum.

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



Alternative view via a mathematical program
[Korp̊as and Botterud, 2020, Stevens et al, 2024]

Let N = {1, 2, . . . , 8760}, J = {1, 2}.

SMP:min ∑
j∈J

ajxj + ∑
n∈N

(
∑
j∈J

cj(n)yj(n) + Vz(n))

)
s.t. ∑

j∈J
yj(n) + z(n) = d(n), for all n ∈ N

0 ≤ yj(n) ≤ xj , for all j ∈ J , n ∈ N ,

0 ≤ z(n) ≤ d(n), n ∈ N .



Differentiable elastic demand makes dual variables unique

Let N = {1, 2, . . . , 8760}, J = {1, 2}.

SMP:min ∑
j∈J

ajxj + ∑
n∈N

(
∑
j∈J

cj(n)yj(n)− Un(d(n))

)
s.t. ∑

j∈J
yj(n) = d(n), for all n ∈ N [π(n)]

0 ≤ yj(n) ≤ xj , for all j ∈ J . [ρj(n)]

π(n) = U ′
n(d(n)).



Fix optimal capacities at x∗, and solve dispatch problem

Let N = {1, 2, . . . , 8760}, J = {1, 2}.

DP:min ∑
j∈J

ajx
∗
j + ∑

n∈N

(
∑
j∈J

cj(n)yj(n)− Un(d(n))

)
s.t. ∑

j∈J
yj(n) = d(n), for all n ∈ N [π(n)]

0 ≤ yj(n) ≤ x∗j , for all j ∈ J . [ρj(n)]

This decouples into 8760 dispatch problems, where plant j offers
x∗j at marginal cost cj(n), and demand bids marginal utility Un(d).

DP has same primal and dual solution as SMP.



Optimality conditions for SMP imply DP rents cover costs

π(n) = U ′(d(n))

0 ≤ cj(n) + ρj(n)− π(n) ⊥ yj(n) ≥ 0

0 ≤ xj − yj(n) ⊥ ρj(n) ≥ 0

0 ≤ aj − ∑
n∈N

ρj(n) ⊥ xj ≥ 0

Annual rent (Rj) for technology j = ∑
n∈N

(π(n)− cj(n))yj(n)

= ∑
n∈N

ρj(n)yj(n)

= ∑
n∈N

ρj(n)xj = ajxj



The story so far...
▶ Assume

▶ perfect competition
▶ complete markets
▶ linear capacity cost ajxj
▶ linear production cost cj (n)yj (n)
▶ concave differentiable utility U(d)

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

▶ With capacities fixed, solve dispatch problem DP in each hour
to give system marginal prices.

▶ The total annual Ricardian rent (Rj) earned by each technology
j exactly covers its annual capital cost ajxj .

▶ SMP solution is a competitive equilibrium.



Uncertain supply: n ∈ scenario tree with probability p(n).

A scenario tree with n ∈ N . Here L = {13, 14, . . . , 30}, 3+ = {10, 11, 12}, and 9− = 2.



Wind/solar generator with uncertain supply ω(n)

SMP: min θx + ∑n∈N p(n)(C (g(n))− Un(d(n))
s.t. z(n) = d(n)− g(n) [p(n)π(n)]

z(n) ≤ xω(n) [p(n)ϕ(n)]

0 ≤ π(n)− ϕ(n) ⊥ z(n) ≥ 0

0 ≤ xω(n)− z(n) ⊥ ϕ(n) ≥ 0

0 ≤ θ − ∑
n∈N

p(n)ω(n)ϕ(n) ⊥ x ≥ 0

E[R ] (rent) = ∑
n∈N

p(n)π(n)z(n) = ∑
n∈N

p(n)ϕ(n)z(n)

= ∑
n∈N

p(n)ϕ(n)ω(n)x = θx



Run-of-river plant with inflow ω(n)

SMP: min θx − ∑n∈N p(n) (Un(d(n)))
s.t. z(n) ≥ d(n)− g(n) [p(n)π(n)]

z(n) ≤ ω(n) [p(n)λ(n)]
z(n) ≤ x [p(n)ϕ(n)]

0 ≤ π(n)− λ(n)− ϕ(n) ⊥ z(n) ≥ 0

0 ≤ x − z(n) ⊥ ϕ(n) ≥ 0

0 ≤ ω(n)− z(n) ⊥ λ(n) ≥ 0

0 ≤ θ − ∑
n∈N

p(n)ϕ(n) ⊥ x ≥ 0



Run-of-river plant optimality conditions

0 ≤ π(n)− λ(n)− ϕ(n) ⊥ z(n) ≥ 0

0 ≤ x − z(n) ⊥ ϕ(n) ≥ 0

0 ≤ ω(n)− z(n) ⊥ λ(n) ≥ 0

0 ≤ θ − ∑
n∈N

p(n)ϕ(n) ⊥ x ≥ 0

E[R ] = ∑
n∈N

p(n)π(n)z(n) = ∑
n∈N

p(n)(ϕ(n) + λ(n))z(n)

= ∑
n∈N

p(n)ϕ(n)x + ∑
n∈N

p(n)λ(n)ω(n)

= θx + ∑
n∈N

p(n)λ(n)ω(n)



Pumped hydro with storage capacity h, turbine capacity x

SMP: min ψh+ θx − ∑n∈N p(n)Un(d(n))
s.t. ȳ(n) = y(n)− uD(n) + uC (n) [p(n)λ(n)]

y(0) = 0 [λ(0)]
y(n) = ȳ(n−) [p(n)τ(n)], n /∈ {0}
ȳ(n) = 0 n ∈ L
g(n) ≥ d(n)− uD(n) + βuC (n) [p(n)π(n)]
uD(n) ≤ x [p(n)ρ(n)]
uC (n) ≤ δx [p(n)σ(n)]
y(n) ≤ h, n /∈ {0} [p(n)µ(n)]

E[R ] = ∑
n∈N

p(n)π(n)(uD(n)− βuC (n)) = ψh+ θx



Hydro cascade with stations j ∈ {1, 2, 3}

Cascade with inflow ω, spill s and station flow u.



Optimize headpond capacity hj and station capacity xj

SMP: min ∑j∈J (θjxj +ψjhj)− ∑n∈N p(n)Un(d(n))
s.t. ȳ1(n) = y1(n) + ω1(n)− u1(n)− s1(n) [p(n)λ1(n)],

ȳj(n) = yj(n) + ωj(n)− uj(n)
+uj−1(n) + sj−1(n)− sj(n) [p(n)λj(n)],

yj(0) = 0
yj(n) ≤ ȳj(n−) [p(n)τj(n)],
ȳj(n) = 0 n ∈ L

∑j∈J uj(n) = d(n) [p(n)πj(n)],
0 ≤ uj(n) ≤ xj [p(n)ρj(n)],
0 ≤ yj(n) ≤ hj [p(n)µj(n)],
0 ≤ sj(n)



Hydro cascade with headpond capacity hj station capacity xj

▶ The hydro cascade does not admit a simple dispatch mechanism
for node n where each station submits an offer curve.

▶ Need a mechanism to price water transfers between stations.

▶ Can calculate expected rent E[Rj ] for each station from
solution to dispatch problem as a stochastic program.

E[Rj ] = ∑
n∈N

p(n)π(n)uj(n) = ψjhj + θjxj + ∑
n∈N

p(n)λj(n)ωj(n)



What have we learnt?

▶ Run-of-river hydro plant with inflow ω(n) makes surplus rent

∑n∈N p(n)λ(n)ω(n).

▶ Cascade hydro plant j with inflow ωj(n) makes surplus rent

∑n∈N p(n)λj(n)ωj(n).

▶ Though market power is important to curb, these surpluses
occur in energy-only markets under perfect competition.

▶ The size of the hydro plants is socially optimal given the SMP
model. Paying dividends instead of capacity expansion is
economically rational...

▶ ...but if there were more river chains with unused inflows to
exploit then the SMP capacity outcomes would be suboptimal;
entry would be profitable.



Does it work in practice?

▶ JADE.jl (SDDP.jl inside) is the EPOC hydrothermal optimizer.

▶ We can run a version of JADE to optimize investments in first
stage (see Hole, P., Dowson, 2025) and operations over
infinite horizon with discounting.

▶ Gives nearly optimal investments, but inaccurate future prices.

▶ Kotuitui (Robinson & P.,2026) solves a tree-based version of
SMP with 81 scenarios, and end-of horizon cuts from
investment JADE. This replicates JADE investments.

▶ In Kotuitui solution:
▶ Expected rents for thermal plant cover annual investment costs.
▶ Expected rents for run-of-river plant exceed annual investment costs by

expected value of inflows.



The end

Thank you all for being here!


