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Motivation and Research Question

Electricity markets are segmented, even within a country. This disconnection

results in price differentiation among areas, which could cause production

inefficiency and impede renewable investments.

This paper looks at power market integration in Chile to show whether and

if so, to what degree, market integration reduces production cost and

encourages solar PV investment.

Dynamic trade model that incorporates anticipated investment.
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Interconnection

Before 2017, two separate markets: SING, SIC (solar abundant area)

2014: Announcement (shock)

2017 Nov: Interconnection

2019 June: Reinforcement
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Contribution

Empirical results.

Dynamic effect (investment).
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A Static Trade Model
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Equilibrium

Autarky:

pN = β
NDN ,qN = DN ,pS = β

SDS ,qS = DS (1)

Integration+Static:

p∗ =
βNβS

βN +βS
D,qN =

βS

βN +βS
D,qS =

βN

βN +βS
D (2)

Integration+Dynamic:

qsolar = D− βN +βS

βNβS
c ,p∗∗ = c (3)
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Equilibrium with Expectation

Investment is based on expectation of integration, not actual integration.

However, interaction does not happen at the time of investment. Hence, a

dynamic autarky equilibrium:

pN = (1+
βN

βS
)c−β

NDS < c , (4)

qN =
βN +βS

βNβS
c−DS , (5)

pS = β
SDS ,qS = DS (6)

Question: We observe this in data, which is explained by competing in obtaining permit and

constructions. But it is not rational to construct much earlier than actual interconnection date.

Moreover, old and new solar assets have the same right.
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Observations I

OBSERVATION 1: In the presence of investment anticipation or delay, gross cost

savings from a grid expansion will be underestimated around the event window.

Furthermore, net cost benefits accounting for the investment costs of solar will

be

underestimated if expansion is delayed, and

overestimated if expansion is anticipated but its investment costs are

ignored.
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Observations II

OBSERVATION 2: In the presence of investment anticipation or delay, price

reductions from a grid expansion will be underestimated around the event

window.
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Observations III

OBSERVATION 3: In the presence of investment anticipation or delay,

reductions in regional price differences (price convergence) around the event

window will be

overestimated in the presence of anticipation,

correct in the presence of delayed investment as long as prices converge both

with and without investment. Otherwise, price convergence will be

overestimated.
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Data

Chile power market:

cost-based dispatch (not market-based)

Hourly and Daily Marginal Cost at the Unit Level, 2014-2019

Hourly Demand at the Node Level, 2017-2019

Hourly Market Clearing Prices at the Node Level, 2008-2019

Hourly Electricity Generation at the Unit Level, 2014-2019

Plant Characteristics and Investment
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Summary Statistics
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Investment Anticipation in Atacama
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Node Price Convergence

Extreme low price in Atacama

because of investment

anticipation.

Price in Antofagasta and Atacama

converge after interconnection.
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Generation Cost Reduction

ct = β1It +β2Rt +β3Xt +θm+ut (7)

ct : observed merit-order cost

c∗t : One of control variables in vector Xt , nationwide merit-order cost

ct ̸= c∗t :

plants go offline for maintenance.

plants are forced to shut down.

grid congestion, transmission constraint.
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Generation Cost Reduction
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Constrained Optimization Problem: Short-term Dispatch

min
q,imp,exp

∑
z ,t,j

Cztj(qztj)

s.t.∑
j

qztj +∑
j

((1−δ1)implzt − explzt)≥
Dzt]

1−δ2
,∀z , t,

0≤ implzt ≤ flz , 0≤ explzt ≤ flz ,∀l ,z , t,

∑
z

(implzt − explzt) = 0,∀l , t

(8)

Some more capacity constraints.
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Goodness-of-Fit
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Free Entry

E

[
∑
y∈Y

∑h pzyh(k)×qzyh(k)

(1+ r)y

]
= czkz ,∀z , (9)

By observed investment level and equlibrium from dispatch model, assuming

|Y |= 25, r = 0.0583, the cost c1 = $1.84m/MW ,c2 = $1.67m/MW .

zone 1: Antofagasta, zone 2: Atacama.
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Counterfactual Simulation
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Counterfactual Simulation
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Cost-Benefit Analysis
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Wrap-Up

This paper studies quantitatively the impact of Chilean market integration

on production efficiency and renewable investment.

Consistent with stylized trade model. Integration, grid expansion results in

price convergence and lower generation costs and emissions.

Ignoring investment effects would substantially underestimate the benefits of

market integration.
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