Production Synergies and Cost Shocks:

Hydropower Generation in Colombia

Michele Fioretti’ Jorge A. Tamayo?

1Sciences Po
2Harvard Business School
May, 2020
CEPR/JIE School on Applied Industrial Organisation



Motivation

» Shocks can result in considerable disruptions to production
technologies

N



Motivation

» Shocks can result in considerable disruptions to production
technologies

» Hedging is not always possible

N



Motivation

» Shocks can result in considerable disruptions to production
technologies

» Hedging is not always possible

» This paper: production technologies, synergies, and market power



Motivation
» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q,e)



Motivation
» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q,e)

mc

dDR
“agtn

> A necessary optimal condition states p =



Motivation
» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q,e)

mc

dDR
“agtn

> A necessary optimal condition states p =

» How to hedge production shocks €7



Motivation
» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q,e) +QC-(PC — p)

mc

dDR
“agtn

> A necessary optimal condition states p =

» How to hedge production shocks €7
1. Forward contracts



Motivation
» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q,e) + QC - (PC — p)

mc

dDR
“agtn

> A necessary optimal condition states p =

» How to hedge production shocks €7
1. Forward contracts

> p= - mec
R C
=)



Motivation

» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q,e) + QC - (PC — p)

mc

dDR
“agtn

> A necessary optimal condition states p =

» How to hedge production shocks €7

1. Forward contracts
> = mec
P JDR
dq

+n-(1- <)

> In oligopolistic mkt: spot prices — forward prices
(Ausubel and Cramton, 2010; de Braganca and Daglish, 2016)



Motivation

» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q1.92.2) + QC - (PC — p)

mc

dDR
“agtn

> A necessary optimal condition states p =

» How to hedge production shocks €7
1. Forward contracts
> p= R o mec
4 (1- )
> In oligopolistic mkt: spot prices — forward prices
(Ausubel and Cramton, 2010; de Braganca and Daglish, 2016)

2. Production synergies



Motivation

» Consider a simple oligopoly for homogeneous goods

N=p-Df(p)— Clq1.q,21) + QC - (PC — p)

mc

dDR
“agtn

> A necessary optimal condition states p =

» How to hedge production shocks €7
1. Forward contracts

> p= - mec
R C
Gt (=%F)

> In oligopolistic mkt: spot prices — forward prices
(Ausubel and Cramton, 2010; de Braganca and Daglish, 2016)

2. Production synergies
D
mc,-+ij~ a—zf
> p= _—
R . Qc
WiJrW:'(l*T)



Motivation
» Consider a simple oligopoly for homogeneous goods

N=p-DR(p)— C(q1,92,21) + QC - (PC — p)

mc

dDR
“agtn

> A necessary optimal condition states p =

» How to hedge production shocks €7
1. Forward contracts
> p= DR mec
“da

+n-(1- <)

> In oligopolistic mkt: spot prices — forward prices
(Ausubel and Cramton, 2010; de Braganca and Daglish, 2016)
2. Production synergies
qu

mc¢;+mc;- =

J 9q,
> p=—p———
dbR | Qc
da; +ni-(1—2)

» This paper: the price-impact of production synergies



Empirical Set-up

» We focus on the Colombian energy market
1. Firms own multiple and technologically diversified generators
2. Each generator submits price- and quantity-bids



Empirical Set-up

» We focus on the Colombian energy market
1. Firms own multiple and technologically diversified generators
2. Each generator submits price- and quantity-bids

» Hydropower generation constitutes 80% of total energy
production
1. Cost to hydro generators depend on forecasted water inflows

2. Weather changes create cost shocks
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2. During droughts

» Siblings thermal plants increase production

> Synergies account for ~ 28% of average price during droughts

3. However, the impact is asymmetric

» Siblings thermal plants do not increase spot prices in wet periods
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» We proceed by

1. Performing identification in multi-unit dynamic auctions
2. Estimating marginal costs and the value function from F.O.C.s
> Polynomial expansion of the value function

> Instrumental variables exploiting rich dataset

3. Running simulations of related dynamic Cournot (Reguant, 2014)



Elasticities
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Conclusions

1. Production synergies and market power

» Standard antitrust policies forcing dismissal of power plants when
capacity exceed a threshold can backfire

2. We focus on the Colombian energy market

> Our analysis extends to other energy markets as well as to other
production situation with intertemporal shocks

3. Provide new tools to analyze dynamic multi-unit auctions

Thank You

michele.fioretti@sciencespo.fr
jtamayo@hbs.edu

10 /10



