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Introduction

Better e�orts are needed to curb greenhouse gas emissions

(GHG) which is the central cause of global warming. Source:

COP24 and NASA.

Figure: Country-level estimates in 2100 under BAU. Source: IMF and Nature

Journal.
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Introduction

Just like poorer communities are being negatively a�ected due

to disproportionate pollution burdens in low income

communities, evidence shows a scaling-up version of what

would occur in country-based locations caused by pressures in

the global temperatures. Source: Boyce, IMF & Nature

Journal.

The global economy may reach the climate stabilization path if

countries can devote ~ 2% per year of GDP in green energy.

Source: Pollin, 2015.

In 2017 USD 750 billion invested in the power sector and USD

715 billion in the oil&gas industry. Source: IEA.

However, the world is only investing 30% to reach a climate

stabilization path.
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Why Colombia?

1 Colombia may face a lower economic growth (~1% of the

GDP) under a 1°C increase in global temperatures on average.

Source: IMF.

2 Colombia's oil exports weighted 41.4% in the total exports
revenue for the last 10 years.

1 The government's income plunged in 20%. Similar economic
shock like in the Great Depression.

2 Lack of oil&gas reserves: 5.7 years and 11 years, respectively.
Source: Bloomberg.

3 Colombia's production of electricity is clean (70%), but not

the overall consumption (70%).
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Why Colombia?

Figure: Fossil fuel participation and share of total consumption per sector
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

1 The competitive segment of the colombian electricity sector is

an oligopoly. Data: The Colombian Independent System

Operator

Figure: Average the hourly spot prices and monthly scarcity prices in

Colombia ($March18 prices)
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

1 ... And lack of forward contracts to mitigate rent-seeking

behavior. Data: The Colombian Independent System Operator

Figure: Hedge Index for Chivor � not a vertical-integrated utility
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Empirical model:

Phd =
αhd +β1MPIxhd +β2Dhd +β3SPricehd +β4FrwdCthd +θhXhd+εhd ,

MPIX Market Power Index

D Dummy variable (D=1 Drought period)

SPrice Scarcity Price

FrwdCt Forward Contracts

X Vector of quantities in equilibrium

Hypotheses: Impact of market power and mitigation strategies.

Note: Endogeneity may be a problem, which was addressed using IV. Durbin score

χ2and Wu-Hausman did not have signi�cance.
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Three di�erent measures of market power:

MPIxhd =



HHIhd =
∑

s2i ,→ {1500 − 2500}

RSIhd = 1−
∑

RealGen−
∑

RealGenΩbig4∑
RealGen ,→ {0 − 1}

ILhd =
Pspot−Cost

Pspot
= 1
|εDR,t | ,→ {0 − 1}


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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Table 2. Econometric results 

 HHI 
HHI at 

Nino 
RSI RSI at Nino IL IL at Nino 

VARIABLES Spot Price Spot Price Spot Price Spot Price Spot Price Spot Price 

Fossil Fuel 

generation 
8.80e-06*** 6.55e-06*** 8.27e-06*** 6.26e-06*** 3.08e-06*** 4.82e-07*** 

 (2.48e-07) (2.53e-07) (2.22e-07) (2.52e-07) (1.45e-07) (9.93e-08) 

Hydro 

generation 
1.45e-06*** 1.94e-06*** 1.30e-06*** 1.73e-06*** -2.74e-07** -2.85e-07*** 

 (1.87e-07) (2.22e-07) (1.87e-07) (2.18e-07) (1.07e-07) (7.48e-08) 

Forward 

Contracts 
-1.20e-06*** -2.28e-06*** -1.04e-06*** -2.12e-06*** 1.58e-07 -2.03e-08 

 (1.88e-07) (2.21e-07) (1.91e-07) (2.18e-07) (1.04e-07) (8.05e-08) 

Scarcity  

Price 
 -0.188***  -0.191***  -0.0140 

 
 (0.0269)  (0.0267)  (0.00907) 

Constant -208.5*** 23.79 -118.4*** 33.34 45.60*** 32.75*** 

 (31.13) (24.79) (26.88) (24.55) (10.36) (7.559) 

Observations 4,108 4,108 4,108 4,108 1,636 1,636 

R-squared 0.530 0.583 0.528 0.587 0.554 0.823 

FE Y Y Y Y Y Y 

Standard errors in parentheses     
*** p<0.01, ** p<0.05, * p<0.1     

Figure: Hedge Index for Chivor � not a vertical-integrated utility

Camilo A. Gallego - 42nd IAEE Annual Conference Market Power in the Electricity Industry



What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Some results

Figure: Hourly econometric estimation when Market Power = HHI. Con�dence

intervals at 95%
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Figure: Hourly econometric estimation when Market Power = RSI. Con�dence

intervals at 95%
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Figure: Hourly econometric estimation when Market Power = Lerner's Inx.

Con�dence intervals at 95%
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Residual demand →RDit (p) = ADt−
n∑

j=1,j 6=i

ASupj (p)

Figure: Construction of the Residual Demand Curve
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

ϕi +Max
pk
{πid (pk)} =

24∑
t=1,kΩi

[
RDit

(
pk ; p

∗
−k
)
− FrwdCtkt

]
·Pspot,t

s.t

24∑
t=1,kΩi

RDit = RealGen
(
pk ; p

∗
−k
)
+

24∑
t=1,kΩ−i

RealGen =
24∑
t=1

AD

24∑
t=1,kΩi&hydro

RDit = RealGeni
(
pk ; p

∗
−k
)
=

24∑
t=1,kΩi&hydro

HydroGen

pk ≥ MarginalCostk,t
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What are the hidden costs of market power in the current

organization of the electric power sector in Colombia?

Figure: Algorithm structure
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Results

Test for the four biggest PGA in colombia. They occupy 70% of

the total generation capacity.

Figure: Results - PGA 'Emgesa'
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Mark-up construction

Lower-bound

L = max {pkΩi} ·

(
24∑

t=1,kΩi

FrwdCtkt − RealGenkt

)

Opportunity cost of water reservoirs

LH =max {pkh}

(
24∑

t=1,kΩi

RDit = RealGeni
(
pk ; p

∗
−k
)
− HydroGen

)

Camilo A. Gallego - 42nd IAEE Annual Conference Market Power in the Electricity Industry



Mark-up construction

Lower-bound

L = max {pkΩi} ·

(
24∑

t=1,kΩi

FrwdCtkt − RealGenkt

)

Opportunity cost of water reservoirs

LH =max {pkh}

(
24∑

t=1,kΩi

RDit = RealGeni
(
pk ; p

∗
−k
)
− HydroGen

)

Camilo A. Gallego - 42nd IAEE Annual Conference Market Power in the Electricity Industry



Mark-up construction

Lower-bound

L = max {pkΩi} ·

(
24∑

t=1,kΩi

FrwdCtkt − RealGenkt

)

Opportunity cost of water reservoirs

LH =max {pkh}

(
24∑

t=1,kΩi

RDit = RealGeni
(
pk ; p

∗
−k
)
− HydroGen

)

Camilo A. Gallego - 42nd IAEE Annual Conference Market Power in the Electricity Industry



Results

Figure: Results - PGA 'EPM'
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Thanks!

1 cgallegoaria@econs.umass.edu
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