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Chilean Electricity System
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Gross Capacity               

(Dec-2014)

Electricity Generation 

(2014)

Maximum 

demand (2014)

Population

Arica y Parinacota 4,072 MW                17,674 GWh                         2,362 MW              6.6%

Tarapacá 21.0% 25.6%

Antofagasta

Atacama

Coquimbo

Valparaiso

Región Metropolitana 15,187 MW              52,256 GWh                         7,547 MW              91.9%

Lib. Gral. Bdo. O'higgins 78.1% 73.7%

Bío-Bío

Araucanía

Los Ríos

Los Lagos

Aysén 50 MW                      155 GWh                               25 MW                    0.6%

0.3% 0.2%

Magallanes 100 MW                    291 GWh                               52 MW                    0.9%

0.6% 0.4%

SING
Sistema 
Interconectado 
Del Norte Grande

SIC
Sistema 
Interconectado 
Central

SEA
Sistema de Aysén

SAM
Sistema de
Magallanes
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Coal
2,100 MW

52%

Diesel
315 MW

8%

Gas/Diesel
1,518 MW

37%

Others
139 MW

3%

Installed Capacity

Energy Generated (2014)

Coal
14,076 GWh

80%

Diesel
1,127 GWh

6%

LNG
1,967 GWh

11%

Others
505 GWh

3%

• 4,072 MW Installed Capacity
• 7 Coal Power Plants
• 3 Combined Cycle Power Plants 

(Gas/Diesel)

• Coal is the king
• Only one combined cycle power 

plant currently has LNG availability.

Source: CDEC-SING, Jan 2015



SING Characteristics
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Non-
regulated

13,592 GWh
88%

Regulated
1,822 GWh

12%

Energy Sales (2014)

• Consumers: Large Users
• Commercial relation mainly PPAs

• High Load Factor: 90%
• There is not seasonal modulation

Source: CDEC-SING, Jan 2015
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Source: CDEC-SING, Dec 2014
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Power plant under construction
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Cochrane (2016)

Coal 532 MW

Kelar (2016)

Combined Cycle

540 MW

Cerro Dominador

(2017)
Concentrated Solar 

Power

120 MW

Bolero (2016)
PV Solar

146 MW

High Potential for

Renewables Energy,

PV:    883.651 MW

CSP:  390.476 MW

Wind:  14.440 MW

SIC-SING

Interconnection

(2018)

1,500 MVA



SING Characteristics - Summary
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• 88% of the demand are large users (mining 

companies).

• Flat demand, with high load factor around 90%.

• High growth for the next 10 years, steeped growth.

• Currently, generation matrix is dominated by coal-

fired units.

• Around 1,500 MW of power plants under 

construction (1,100 MW conventional power 

plants).

• High potential of renewable energy sources.
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Operating Costs

14

1.00

0.93 0.94

0.87

0.74 0.76 0.75

0.69

0.73 0.72 0.71

0.6

0.7

0.8

0.9

1.0

1.1

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Ore Grade (%)

Chilean Ore Grade Evolution

65 63 70

102 105

151

151
176

222
245 250

67
76 79

113
121

167

138
153

183

240
232

0

50

100

150

200

250

300

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

2014 cents US$/lb
Operating Cost C3

Chile World

Source: Chilean mining board

• 285% increase in the operating cost during the last 10 years

• Lack of competitiveness

• Currently, Chilean copper deposits are losing ore grade



Cash Costs
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Source: CODELCO

• 45% of the cash cost can be considered as fixed costs (Labor + Services).

• Consumables costs have associated a high fixed component. 

• Energy costs include fuels (4%) and electricity (13%).

• Electricity costs depend on the supply contracts.

Labor
19%

Energy
17%

Services
26%

Consumables
38%



Copper Price Evolution
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• Historically, copper prices have had levels below 250 cents US$/lb (2013 
operating cost).

• There is a risk of operational losses due to the level of prices being below the 
operating costs.

Death Valleys



Mining Copper Process
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Mineral Extraction Crusher
Stockpile and Conveyor belts

Milling

Flotation

Filtering

Storage
Loading

Extraction and Crusher:

10% of the Electric Demand

Milling, Flotation and Filtering

must be a continuous process



Mining Load Management
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Mineral Extraction Crusher

• Extraction and crusher (E&C) are the only processes that can be

managed, which is equivalent to 10% of the demand.

• E&C can be shut down for a maximum period of 26 hours every 14

days, and it can guarantee the ore stock for the downstream

processes.

• E&C management demand would not mean any significant

additional costs for the mining company.

• To shut down milling, flotation and filtering process would mean high

costs for the company, equivalent to the failure cost (approximately

2,600 US$/kWh).

Stockpile



Mining Load Management
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Mineral Extraction Crusher Stockpile
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Mining Industry - Summary
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• Mining industry has lost competitiveness in recent years.

• Electricity cost has increased, due to the ore grade reductions 

and the conditions of the electricity market, among others 

issues.

• Cash cost has a high fixed component, therefore the 

companies have a few, or no options to reduce costs in the 

short term.

• Mining industry needs mechanism of cost reduction, especially 

at low mineral price period.

• Mining industry can manage E&C processes, it means shutting 

down these processes for maximum 26 hours every 14 days.
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Demand Response Schemes - Overview
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Source: U. S. Department of Energy

2014 Energy Agenda

Current Supply Contracts do not include reduction of the demand for RTP

Mining companies can reduce their demand to participate in these programs

These programs mean high costs for the mining companies



Incentive-based demand bidding Description
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• Mining companies will make bids for “negawatts” (e.g. 10 MW @ 80 US$/MWh).

• ISO considers the mining bids in the day ahead energy market.

• If the bid is located below the price clearance, the mine must reduce its demand 

to accomplish the commitment.

mining bid price demand reduction
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Assumptions
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• Simulation of system expansion up to 2030. OSE2000 dispatch model.

• Consideration of private generation driven expansion. RES 20/25 Law.

• Generation expansion based on coal thermal power plant.

Marginal costs defined by private investment decisions, and resulting as 

those from conventional coal expansion.

Item Coal
Unitary investment 2,400 - 2,740 US$/kW

Capacity factor 85% - 90%

Fuel prices 95 - 115 US$/Ton

Variable cost 35 - 42 US$/MWh

Debt-equity rate 70%/30%

Levelized cost of energy (LCOE) 76.3 - 91.6 US$/MWh



Results BAU scenario
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Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Operating Cost 804 828 895 988 1,099 1,254 1,332 1,451 1,531 1,465 1,362 1,505 1,537 1,580 1,755

Operating Cost (MM US$)
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Expansion Power Plants: BAU scenario
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Total Costs 2016-2030 (Operation + Investment) (1): 13,705 MMUS$
(1) : Discount Rate 10%



Results scenario: Bid Price 70 US$/MWh 
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Demand Response 

displaces generation units 

with high variable costs

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Operating Cost 796 823 885 973 1,143 1,301 1,310 1,428 1,377 1,438 1,334 1,473 1,505 1,549 1,722

Operating Cost (MM US$)



Results scenario: Bid Price 70 US$/MWh 
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Total Costs 2016-2030 (Investment + Operation) (1): 13,565 MMUS$

Difference with BAU Case: 140 MMUS$
(1) : Discount Rate 10%



Results scenario: Bid Price 70 US$/MWh 
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Results Mining Companies Demand Response
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Benefits are reduced whether the demand response bid price is higher than 80
US$/MWh, with the assumption that all the mining companies offer at the same
price.



Equilibrium price
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[ p0 ]
Nash-Cournot Equilibria

pi

Start

From i=1 to n

i=n

[pm]=[pm-1]

End

yes

yes

no

no

First iteration reached an

equilibrium price, due to

the low level of the demand

response in the market.

Mining companies will be 

price takers

Equilibrium price: 80 US$/MWh
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Final Remarks
1. SING has a high potential for development of renewable 

energy sources.
• Operational challenges due to the flat demand.

• Low availability of GNL, thus there are very few cycling units. 

2. Operating costs of the mining companies  have 

increased by almost 285 % in the last 10 years.
• Deposits have lost ore grade.

• Increasement in the electricity cost.

3. It should be useful to study cost-cutting measures for 

the mining companies.
• Loss of competitiveness.

• The copper price cycle has price levels below operating costs.
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Final Remarks
4. Mining industry has limited demand flexibility.

• Operations must be continuous.

• Demand Response potential: 10% of the demand for 26 hours 

every 14 days.  

5. Demand response implementation in the mining 

companies will allow economic benefits in the SING.
• Savings for 140 MM US$ in the 2015-2030 period.

• Defer investments for two years in the generation power plants.

6. SIC-SING interconnection will increment the demand 

response incomes for the companies.
• For dry hydrologies the marginal  costs can reach levels higher 

than 100 US$/MWh.
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Further Readings

More information of the 
Chilean electricity market:

• Publications

www.systep.cl/?page_id=23

• Monthly reports

www.systep.cl/?page_id=21

http://www.systep.cl/?page_id=23
http://www.systep.cl/reportes.php

