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Motivation

Principalmente por precio de la energfa:

Costos de produccion
de mineria se elevan

187% en 10 aiios

La cifra estd cerca de 10 centavos de délar por sobre el
promedio mundial, lo que resta competitividad al sector.

ANTONIA EYZAGUIRRE

La industria minera ha alerta-
do en los tltimos afios de su si-
tuacién. Principalmente por la
falta de competitividad, arafz de
los altos precios de la energfa
—iftem en que Chile es el segun-
do pafs entre los mineros con
mayores costos—, la falta de
productividad, que no se condi-
ce con las altas remuneraciones
del sector, y por la caida en laley
del mineral.

Los costos de produccion
promedio en laindustriaenuna
década pasaron de 89 centavos
de délar a US$ 2,55 por cdtodo
de cobre, lo que incluye costos
operacionales, depreciacion, in-
tereses y costos indirectos. Esto
representa un aumento de
187%, seguin un andlisis de la So-
nami elaborado con informa-
cién de Cochilco (ver infogra-
ffa). El costo promedio a nivel
mundial es de US$ 2,43 por li-
bra, poco mds de 10 centavos
mds bajo que en el pafs.

La situacién era distinta en
2004, cuando los costos de pro-

Costo del catodo

[ Chile Mundo
2004 2005 2006

“uente SONAMI

duccién en Chile estaban por de-
bajo del promedio global, esce-
nario que se revirtio en 2009.

Actualmente, los altos costos
que enfrenta el sector minero se
han visto paliados en parte por
el alza del ddlar. Para la gran
minerfa, los gastos expresados
en pesosrepresentan un45%de
los costos operacionales totales,
por lo tanto, la depreciacion de
nuestra moneda frente al délar
implica que paraesa fraccién de
costos se requieren menos divi-
sas estadounidenses. Esta es la
moneda en que las mineras reci-
ben sus ingresos. De todas ma-
neras, la baja en el precio del co-
bre pone a varios yacimientos
en una situacién incémoda e,
incluso, se estima que, de seguir
cayendo el valor del metal, al-
gunas operaciones enfrentardn
dificultades.

El precio de la energia

Un sinndmero de factores in-
cide en los altos costos de pro-
duccién que enfrenta Chile, pero
el que tiene mayor incidencia es

Valor por libra en ddlares 2014.

2007 2008 2009 2010

el precio de la energfa.

Lamineria es un sector inten-
sivo en el uso de este insumo y
cerca del 20% de los costos de
las empresas radica en este
item. Chile registra un costo
unitario de electricidad de US$
143 por megawatt hora (MWh),
muy por sobre el promedio
mundial, de US§ 86 por MWh.
Incluso mds preocupante, el
pafs duplica el costo de su prin-
cipal competidor en la region:
Pert, que ha trazado como uno
de sus principales objetivos
convertirse en actor cada vez
mds relevante.

El documento “Minerfa, una
plataforma de futuro para Chi-
le” aborda el problema. Este fue
realizado por la Comisién de
Minerfa y Desarrollo, instancia
liderada, entre otros, por el ex
Presidente Ricardo Lagos, v
promovida por el Consejo Na-
cional de Innovacién y Compe-
titividad. El reporte traza como
meta una reduccién de un 20%
en el consumo de energfa a
2025, lo que inyectarfa compe-
titividad al rubro.
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Motivation

EL 70% DE LOS COSTOS DE OPERACION DE ESTAS INSTALACIONES CORRESPONDE A ESTE ITEM:

Consumo esperado de energia en mineria
del cobre creceria 700% a 2025
solo por plantas desaladoras

Después de las concentradoras, las desaladoras son las que mds
demandan electricidad en esta industria. Se estima que a 2021 cerca
de un 25% del agua para la mineria del cobre vendrd del mar.

ANTONIA EYZAGUIRRE A.

n promedio, el 70% del
E costo de operacion de

las plantas desaladoras
corresponde a energfa. Y en los
ultimos dos afios el uso de agua
de mar —tanto desalinizada
como salada— crecié un 81%
en la minerfa. Y la incorpora-

rado de electricidad de la mine-
ria del cobre en su conjunto
—incluyendo concentradoras,
desaladoras, refinerias, fundi-
ciones, entre otros—, Cochilco
estima que serd de 41,1 TWh
para 2025, siendo las faenas
ubicadas en el Sistema Interco-
nectado del Norte Grande

(SING) las principales deman-
dantes. Como consumo maxi-
mo, esta industria podria llegar
a consumir 52 TWh para 2025.
Esto podrifa llegar a presentar
complicaciones para la ejecu-
cién de algunos proyectos mi-
neros, e incluso algunos po-
drfan sufrir postergaciones.
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Cerca del 87% de la
inversion de US$ 161
millones de la desa-
ladora de Minera
Escondida, de BHP
Billiton, fue en tubos
y bombas para -
cubrir los cerca de
200 kilometros y
una altura de mas
de 3.000 metros
donde necesitan
impulsar el agua.
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Chilean Electricity System

SING

Sistema
Interconectado
Del Norte Grande

SIC

Sistema
Interconectado
Central

Ty SR —

SEA

Sistema de Aysén

SAM

Sistema de
Magallanes

Arica y Parinacota
Tarapaca
Antofagasta

Atacama

Coquimbo

Valparaiso

Regién Metropolitana
Lib. Gral. Bdo. O'higgins
Bio-Bio

Araucania

Los Rios

Magallanes

Gross Capacity
(Dec-2014)

4,072 MW
21.0%

15,187 MW
78.1%

Electricity Generation
(2014)

17,674 GWh
25.6%

52,256 GWh
73.7%

155 GWh
0.2%

291 GWh
0.4%

Maximum
demand (2014)

7,547 MW

Population

91.9%
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SING Characteristics

A

Generation
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SING Characteristics

Installed Capacity

Others . .
139 MW ( * Coalis the king

3%

* Only one combined cycle power
plant currently has LNG availability.

Energy Generated (2014)

Others
505 GWh
3%

Diesel
1,127 GWh
6%

Diesel
315 MW
8%

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

(Gas/Diesel)
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SING Characteristics

Energy Sales (2014)

Regulated
1,822 GWh
12%

(W] SING Hourly Demand
2,500 - January 2015

o MA)WWWV
1,500
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500 -
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* 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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SING Characteristics
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Power plant under construction

(‘ AES Gener

energia confiable

Cochrane (2016)
Coal 532 MW

edl
bhpbilliton
Kelar (2016)
Combined Cycle
540 MW

SIC-SING
Interconnection
(2018)
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Cerro Colorado
.

SHMC

o | Condores * Pozo Almoate

Tamarugal

Nueva Zaldiver §

* Laguna Seca

BOLIVIA

Andes
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Domeyko
.
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REFERENCIAS

@ rudos Troncates

®  suvestacion

A cenalTérmica
Central Hidroeléctrica

Troncal en 220k
Linea en 220 kv
Linea en 1104V

LUineas Menores

High Potential for
Renewables Energy,
PV: 883.651 MW
CSP: 390.476 MW
wind: 14.440 MW

ABENGOA

Cerro Dominador
(2017)
Concentrated Solar
Power

120 MW

LJ
9~ €DF
energies nouvelles
Bolero (2016)
PV Solar
146 MW
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SING Characteristics - Summary

~

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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— Chilean mining industry characteristics
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Operating Costs

2014 cents US$/Ib

Operating Cost C3 Ore Grade (%) . .
300 - e Chilean Ore Grade Evolution
250
250 - e 1.00
1.0 |

200 -
150 | 0.9 -
100 - 0.8 |
50 - 70

65 63 0.7 -

0 T T T T T T T T T T 1
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 0.6 : : : : : : : : : : :
——Chile=—World 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

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

* Lack of competitiveness

Currently, Chilean copper deposits are losing ore grade
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Cash Costs

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.
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Copper Price Evolution

2013 cents USS$/lb
450 -

400 -
o Death Valleys

N R VAY/A V.

50 -

0 +—r+—T—F—7 77T TV 7T " T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1970 491> 4970 1910 4982 1085 408® 199% 4oOh 4991 000 9003 4000 9007 o3 4010
=—| ME Cooper Price  ===2014 Operating Cost = =——2014 Cash Cost

Historically, copper prices have had levels below 250 cents USS/Ib (2013

operating cost).

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

IEEE L
PES . € 1IEEE
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Source: Chilean Coopeg Commission
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Mining Copper Process

Stockpile and Conveyor belts

Mineral Extraction Crusher
+= Extraction and Crusher:
- 10% of the Electric Demand =——p

0 SNEm - —
1—' ‘ Flotation
5 Te © 06 — WY
Milling, Flotation and Filtering

must be a continuous process

Storage _
Loading

Filtering
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Mining Load Management

Mineral Extraction Crusher Stockpile

« 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).

@is O 9 IEEE
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Mining Load Management

Mineral Extraction Crusher Stockpile

60

40

20

0—
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Days
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Mining Industry - Summary

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 dayy

Power & Energy Society®




48
Agenda

 Demand Response Schemes
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Demand Response Schemes - Overview

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

t

2014 Energy Agenda

N Price-Based Demand Response

energy real-time ho
efficiency pricing (RTP)/

power &
load
reduction
delivery

camm:ﬁ’riﬁri years months day-of < 15 min
tmescales system planning operational planning economic dispatch

These programs mean high costs for the mining companies

|

1cy | interruptible

-

programs

Incentive-Based Demand Response

Mining companies can reduce their demand to participate in these programs

(;EEES Source: U. S. Departmt of Energy
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Incentive-based demand bidding Description

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.

Spot Price (USS/MWh) Demand (MW)
160 - 2,500

140 | 2,400

2,300
120 A

100 -\I'\ MA A
mining bid price
Jq’ ¥

- 2,200

A

) - 2,100
demand reduction

80

- 2,000

- 1,900
60

- 1,800
40 -
- 1,700

20 A
- 1,600

0 1,500

1 2 3 4 5 6 7 8 9 10
Spot Price === Demand
ez, ES A @
Power & Energy Society
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Assumptions

« 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.

Item Coal

Unitary investment 2,400 - 2,740 USS/kW
Capacity factor 85% - 90%

Fuel prices 95 - 115 USS/Ton
Variable cost 35 - 42 USS/MWh
Debt-equity rate 70%/30%
Levelized cost of energy (LCOE) 76.3 - 91.6 USS/MWh

Marginal costs defined by private investment decisions, and resulting as
those from conventional coal expansion.

@iﬁ O 9 IEEE
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Results BAU scenario

GWh Us$/MWh
4,500 - - 200
4,000 -

3,500 -
- 150

3,000 -

2,500 -
- 100

2,000 -

v > A A 7 7 o
M
" - 50

1,000

500 -

B

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

Coal LNG mmmm Renewables mm Diese| ===Encuentro 220 kV Marginal Cost === Annual Statistical Average Encuentro Mg Cost

Operating Cost (MM USS)
— Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

( pgrating 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
¢ PES A
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Expansion Power Plants: BAU scenario

MW

1400

1200

1000

800

600

400

200

o

Cochrane | Total Costs 2016-2030 (Operation + Investment) (D; 13,705 MMUS$
Cochrane Il (1) : Discount Rate 10%
KELAR

CTM5

Coal Tarapaca
Coal Mejillones

Coal Tarapaca

2016

CTM4 [ |
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
B Coal m® Diesel Wind B Geothermal ®=LNG Solar
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Results scenario: Bid Price 70 USS/MWh

GWh USS/MWh
4,500 - - 200
Demand Response
4,000 - displaces generation units - 180
with high variable costs | 160
3,500 -
- 140
3,000 -
- 120
2,500 -
- 100
2,000 -
- 80
1,500 %
- 60
1,000 - L 40
500 - L 20
0 0
J||H||H||ﬁ||H||H||H||H||H|IP||H||H||w|H||H||H||H||H||P||H||H|IP||H||H||H||H||H||’J||H||H||’J||H||H||H||H||H||H||H||H||P||H||H||’J||H||H||
2016 | 2017 | 2018 2019 2020 | 2021 2022 2023 2024 | 2025 2026 | 2027 2028 2029 2030
Coal LNG m Renewables
m Diesel B Demand Response e Encuentro 220 kV Marginal Cost
== Annual Statistical Average Encuentro Mg Cost operating Cost (MM USS

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

(@jﬁﬁ@tmg 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
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Results scenario: Bid Price 70 USS/MWh

Total Costs 2016-2030 (Investment + Operation) (: 13,565 MMUS$

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

1400 - Cochranel

Cochrane Il
KELAR

1200 1 DR scheme defers

investment in Coal
1000 - power plants for

two years

800 . ﬁ
600 - CTmM4 CTMS Coal Mejillones

Coal Tarapaca
Coal Tarapaca

400 -

0 -

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

(epes

Power & Energy Society
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Results scenario: Bid Price 70 USS/MWh

Mining Companies’ Incomes due to Demand Response Program

MM US$
- Mining Companies will receive incomes from
the Spot Market
30 Annual Average Incomes: 10 MMUSS
2,5
2,0
1,5
1,0
0,5
Il

0,0 s
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2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

M Capacity B Day Ahead Market
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Results Mining Companies Demand Response

160

140

) N

) N\

) N\

. AN

0 , , , N\

75 80 85 90 95
Demand Response Bid Price (US$/MWh)

Difference with BAU case (MM USS)

Benefits are reduced whether the demand response bid price is higher than 80

USS/MWHh, with the assumption that all the mining companies offer at the same
price.
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Equilibrium price

Nash-Cournot Equilibria =

(s g
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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:

Reporte Mensual del Sector \._+ .}

Eléchlo e £ A
e Publications |
www.systep.cl/?page id=23

* Monthly reports
www.systep.cl/?page id=21
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