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Main challenges of electrical expansion

» Chile needs 750 MW a year of new capacity to respond to
load growth in the next years.
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Assuming a load factor of 80% for mining projects and 60% for distribution company loads.
Source: CDEC, Systep




Main challenges of electrical expansion
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Important offers by renewables
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Mechanisms for renewable insertion
Historical evolution of incentives for renewables

Law 20,257
2008

Project “Law 20/20"
2010

Law 20/25
2013

From January 1, 2010,
generators must certify
that during the calendar
year, 5% of the energy
supplied came from
NCRE.

Then, from year 2015, it
will increase by 0.5% per
year to reach 10% by
2024.

That percentage should
be maintained in the
future.

An obligation to be set of
5% for the years 2010 to
2013, increasing by 2%
annually from 2014
through 2019; and
increasing by 3% in 2020,
reaching 20% by 2020.

By 2014 the obligation wiill
be 5.5%, to reach 20% of
the energy sold by 2025.
applicable to contracts
signed after the
enactment of the law.




Energy Agenda

AGENDA DE ENERGIA “Raise barriers in the country for

UN DESAFIO PAls, PROGRESO PARATODOS non conventional renewable
energy (NCRE), compromising that
45% of electricity generation
capacity to be installed in the
country between the years 2014-
2025 comes from such sources”

Commitment of 20% NCRE by 2025




Energy Agenda

Goals

Stimulate integration of NCRE to fulfill the renewables law (20/25)

Confront the barriers that limit a greater participation of NCRE in the

electricity market:
-Consider the particularities of NCRE in actions in the Agenda.

-Reinvigorate the tools to support pre-investment and access to financing for
NCRE projects, aimed at integrated generation into the electricity market.

Promote the development of geothermal energy for local

development
- Law project to improve geothermal concessions.

- Implement schemes to reduce the risk of drilling deep wells in the
geothermal exploration stage.




Energy Agenda

Goals

Adequacy of the operation rules of interconnected systems for the
efficient and safe incorporation of NCRE.

- Provide greater operational flexibility to the SING and SIC, for the efficient
and safe NCRE incorporation.

- The parameters defined for the thermal power dispatch, automatic
generation control and prediction of NCRE generation will be reviewed.

Reform of the Independent System Operators (CDECS)

- The legal nature and governance of CDECs, according to the new reality of
a national grid, will be reviewed.

Enhance human capital, science and energy innovation

- New features will be added to the current Renewable Energy Centre,
making it the National Center for Development and Innovation in

Sustainable Energy.




Goals NCRE insertion
South America

* In the case of
Colombia and
Ecuador the
percentage is
applied to capacity.

Colombia*: 6.5% x 2015
Reduccion de impuestos -
Ecuador®: 6% x 2013

Tarifa fija, Despacho
preferente, tarifa renovabl

e The limit for hydro
NCRE is variable
among different
countries (for

- example in

Brasil: 10% x 2022 Paraguay there is no

Peru: 20% x 2040
Tarifa fija, tarifa+prima
de riesgo, licitaciones

Cupta, licitaciones, ..
Paraguay: 99% x 2012 tarifa renovable, limit).
obligaciones

hile: 20% x 2025
Cuola, licitaciones,
obligaciones, certificados
de emision

Uruguay: 15% x 2015
Tarifa fija, licitaciones

Argentina: 8% x 2016
Tarifa fija, licitaciones,
larifa renovable

Source: CIDET-CONOSER-GIMEL 2014 “Interconexiones regionales para el desarrollo de una matriz de energia sustentable”




Goals NCRE insertion
United States

ME: 30% x 2000

WA: 15% x 2020* MN: 25% x 2025 T e ool |NewRE: 10%x 2017
d MT: 15% x 2015 el 3 2020 (2] 20% RE& CHP x 2017 NH: 24.8% x 2025 |
OR: 25% X 2025 (large utilities)* MI: 10% & 1,100 MW MA: 22.1% x 2020
51% & lu% x 2{}25 ﬂ'ﬂﬁ“&l’ uﬁm _ . o 2“15' il ™ MNew RE: 15% x 2020
» ld 4 s = (+19% annually thereafter)
- 5D: 10% x 2015 JMNT: Varies by utility; L) .
| 10% x 2015 seatewiok [RY:H6 %575 7620)
NV: 250 x 2025* _ n ' | CT: 27% x 2020 |
# 2020 (co opeit e : W hman PA: ~18% x 20217}
S - . IL: 25% x 2025 WV: 259% x 2025% .
S . e —" £V NJ: 20.38% RE x 2021
e - KS: 20% x 2020 3 /V: 10% x 20257 | | VA: 15% x 2025* + 4.1% solar x 2028
#% O MD: 20% x 2022 ()

|DE: 25% x 2026* |
[DC: 20% x 2020 §)

NC: 12.5% x 2021 (10Us)
10%: x 2018 (co-ops & munis

Py AZ: 15% x 2025 ™3
\ E. 3 VO NM: 20% x 2020 (10Us)
|l_ 10% x 2020 (co-op
TX: 5,880 MW x 2015*

U.5. Territories

@
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Renewable portfolio
. standard (RPS)

Renewable portfolio goals * Minimum solar requirement

Extra credit for solar and renewable self

Subsidies to solar water consumption
heating

Source: www.dsireusa.org / March 2013




Goals NCRE Insertion
Europe

ko = Environmental targets set

hmer by the European Union.
‘g = Countries taking the lead
; In supporting renewable
“’E:L“.::;::i:";::;”““& [err. generation are Portugal

g (24.9%), Spain (20.1%),
Germany (13.1%) and

[ Mmg / Sweden (11.6%).

Alemania: 18% x 2020
Fawd=in tarifl, comercializacion
Portugal: 31% = 2020
Fasad=in tarif, Boitaciones
-

direcia, fead-in promim

IRalia: 17% x 2030

Cerificados verdes, Fead-in
Espada: 20% » 2020 lariff, fesad-in premium
Faed-in tanfl

Faad-in pramium

Source: CEER, Status review of renewable and energy efficiency support schemes in Europe, June 2013




Difficulties for NCRE insertion in Chile
Challenges in short & mid term: land use

= Pieces of land north of the SIC, who are -
near substations are scarce right now
and there is a great demand for them.
The NCRE projects that can not
negotiate their connection to the system
and decide to build their own
connections (substation and transmission ;
lines) will be delayed until 2017-2018 Al

» Conflict with mining concessions

= Under Chilean law, the land given by
the authorities as mining concession 2
can not be used by others and can :
only be bought if the owner agrees
to sell the granting land rights.
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Source: http://www.geoportal.cl/Visor/ 12




Difficulties for NCRE insertion in Chile
Prices per technology worldwide

gz : [US$/MWh]
500 Twr Global LCOE range
* Regional scenarios
450 . z g *® (12013 central
= Mature clean | * Q22013 centra
400 -
technologies such as
. . 350
hydro and wind, when in a :
. 300
good location, have I NEEE
prices close to those of = R A
. . 4 -
traditional technologies, 200 s : ’
while new technologies 150 : T
such as tidal still have high - il ik B2 L4
costs associated with their " o f Vol oo o9
RALEIEEN
development. 0 ' =

Source: World Energy Perspective: Cost of Energy Technologies




Difficulties for NCRE insertion in Chile
Base technology to support NCRE expansion

Technology

Unit investment

cost [US$/kW]

Variable costs
[US$/MWh]

O&M fixed costs Plant factor

[US$/MWh]

Cost of development by technology in Chile

[%]

Development cost [US$/MWh]

Minimum

Average

Maximum

Run of river hidro

2,670 - 4,000

390 - 860

149.1 - 223.7

Geothermal technology does not include exploration costs
The investment cost includes the costs of grid connection

Source: Fraunhofer 2013, IEA 2012, SEA 2014, CNE 2014, SYSTEP 2014
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Difficulties for NCRE insertion in Chile
Opportunities for PPAs (contracts) for existing and new agents

GWh

80,000 -

70,000 -

60,000 - Opportunities to contract
and recontract demand

50,000 -

43.204 GWh
40,000

30,000

20,000 Contracted demand

10,000

0
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
NCRE Law (Contracts) Codelco (San Pedro) AMSA - Pelambre (Alto Maipo)
Morro y Relincho (Punta Alcalde 1) = = Contracted demand Energy demand

Source: CDEC-SIC. Systep 15




Difficulties for NCRE insertion in Chile
NCRE with contracts

Central Propietario Tecnnlogfu el ;::g:::o pl:'lﬂp::c:?{l e F‘,ue contraiﬁlla
[MW] [GWh] (%] produccion de energia
Laja Energia Verde S.A. Biomasa 17 131,5 90,0%  |AES Gener
Constitucion Energia Verde S.A. Biomasa 13 105,6 70,0%  |AES Gener
Lorma Los Colorady KDM Energia y Servicios S.A. Biomasa 2 15,8 90,0%  |AES Gener
HBS Energia - Los A HBS Energia Biomasa 2 17,3 ?0,0% |Generadora ON GROUP
Loma Los Colorady KDM Energia S.A. Biomasa 10 77,3 ?0,0%  |AES Gener
ANCALI T Agricola Ancali Limitada Biomasa 2 15,0 90,0%  |AES Gener
Canela 1 CENTRAL EOLICA CANELA S.A. Edlica 18 28,7 18,0% |ENDESA
Canela 2 CENTRAL EOLICA CANELA S.A. Edlica 60 128,2 24,4%  |ENDESA
El Rincon Sociedad del Canal de Maipo Hidrica 0 1,5 41,0%  |Sociedad del Canal de Maipo
Chiburgo Colbun 3.A. Hidrica 19 103,7 461,0%  |Colbun S.A.
San Clemente Colbun 5.A. Hidrica & 31,5 461,0%  |Colbin S.A.
Puclaro Hidroeléctrica Puclaro S.A. Hidrica & 29,9 461,0%  |Empresa Eléctrica Guacolda 5.A.
Ojos de Agua ENDESA ECO S.A. Hidrica 9 48,1 461,0% |ENDESA
El Tartaro Wenke v ClLA Limitada Hidrica 0 0,7 41,0% |ON GROUP S.A.
Trueno Hidroeléctrica Trueno S.A. Hidrica & 30,4 461,0%  |Empresa Eléctrica Guacolda S.A.
Los Corrales Agricola Alejandro Ponce E.LE.L Hidrica ] 4,3 41,0%  |Empresa Eléctrica Capullo 5.A.
Guayacdan Energia Coyanco S.A. Hidrica 12 64,1 461,0%  |AES Gener
Los Corrales [ Agricola Alejandro Fonce ELE.L Hidrica 1 5,5 41,0%  |Empresa Eléctrica Capullo 5.A.
Don Walterio Generhom Ltda. Hidrica 3 15,8 41,0%  |Arauco Generacidn
ERENC con contrato (informado catastro CDEC) 187 854,9 -

Source: CDEC-SIC, Systep
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Difficulties for NCRE insertion in Chile
NCRE with contracts

Central Propietario Tecnologia Pt}ﬁﬁm ;::g:;o p&op::ci;?o Em:;zscc::%t:‘edt;o:::rm;

[GWh] [%] o °

Bioenergia Lautaro COMASA 5.A, Biomasa 25 197,1 90,0% Colbin 5.4,

Arauco Celulosa Arauco y Constitfucion 5.A. Biomasa a9 307,5 90,0% Celulosa Arauco v Constitucidn 5.4,

Licantén Celulosa Arauco y Constitucion 5.A. Biomasa 8 63,1 90,0% Celulosa Arauco y Constitucin S.A.

Mueva Aldea il Celuloza Arauco y Constitucidn 5.A. Biomasa 49 386,3 90,0% Celulosa Arauco y Constitucion 5.4,

Viflales Celulosa Arauco y Constitucion 5.A. Biomasa ) 2444 20,0% Celulosa Arauco y Constitucidn 5.4,

Mapocho Trebal Aguas Andings Biomasa 8 65,2 90.0% Aguas Andinas

Monte Redondo Edlica Monte Redondo 5.A. Eslica 458 1127 26,8% CGE Distribucian

Punta Colorada Barrick Chile Generacidn Litda. Edlica 20 14,0 8,0% Barrick Chile Generacidn Ltda.

El Arrayan AMIA/Pattern/Ashmore Edlica 115 3274 32,5% AMSA

Punta Palmeras Acciona Energia Eolica G 1879 32.5% Colbin 5.A.

Talinay Criente Enel Gresn Power Edlica 20 2373 30.1% Spot + Contrato regulado (Panguipulli)

Taltal Enel Green Fower Eslica g 2827 32,6% Contrato Regulado (Panguipulli)

Liano de Llampos Amanecer solar Spa Solar 101 2905 32.9% CAP

Emelda Solar Enel Green Power Solar 36 103,38 32.9% Contrato Regulado (Panguipulli)

Andacollo SolaireDirect Solar 1 21 20.7% Minera Andacollo

Esperanza RTS Energia Limitada. Solar 3 7,1 238,0% coldelco

ERMNC con contrato 739 2.829,0 - -
Total ERNC con contrato 24 3.683.9 - -

Source: CDEC-SIC, Systep
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Difficulties for NCRE insertion in Chile
ERNC selling at spot market

. Energia Fp.
. . . | Potencia X .
Central Propietario Tecnologia [MW] promedio | promedio
[GWh] [7%]
Los Cururos EPI Chile Edlica 110 312,2 32,4%
Totoral NORWVIND S.A. Edlica 44 81,8 20,3%
Negrete Cuel Aela Edlica Negrete SpA Edlica 33 90,2 31,2%
Ucuquer Energias Ucuquer S.A. Edlica 7 20,8 32,9%
Cristoro Cristalerias Toro S.A.C.I. Edlica 4 9,9 31,9%
Tambo Eeal Ingenieria Térmica Kaltemp Ltda Solar ] 1,9 20,2%
San Andrés San Andrés Spa Solar 51 1374 31,0%
El Salvador Etrion/TOTAL/Solventus Solar 468 196,0 32,9%
ERNC Spot 319 850,1 -

= % contracted by technology (related to

_ average generation):
Tipo MW GWh (%) , ,
= Biomass 90% (cogeneration)
Contrato 1.182,8 5.334,2 78,5% , , ,
spot 5470 14572 21 5% =  Wind: 80% of its average energy generation
Total 1.729,9 6.791,4 100% = Solar: 65% of its average energy generation

= NCRE Hidro: 90%
=  Geothermal: 90%

Source: CDEC-SIC, Systep 18




Difficulties for NCRE insertion in Chile ﬁ

Complex viability of network connection

» Uncertainty in connection, even under open access regulation

= To date this matter has been the subject of disagreement with the Panel of Experts and
the safety criterion has prevailed in relation to NCRE connections:

= N° 20-2013: Discrepancy by Pattern Chile Development Holding SpA against the
system operator (CDEC-SIC) in relation to open access of the additional line
Paposo-Diego de Almagro 2x220 kV (not accepted).

= N°02-2014: Discrepancy by Helio Atacama Nueve SpA with Transelec S.A. for open
access to that line (withdrawn).
» Rearrangements in the transmission system (restriction to NCRE injection)
= NCRE plants connecting studies should consider adapting the equipment of the
substation connection, as well as neighboring substations. There may be limitations on
the equipment of these substations that may limit the NCRE generation (Valle de los
Vientos case: 90 MW vs. 70 MW limit).
» Equipment and investment requirements, such as EDAG systems, to
ensure system operation and ease restrictions of injections by NCRE or
other generation resources

= Although there is a feasible solution, there is the discussion of who and how the
investment of these equipment is assumed. Limitations injections follow a principle of
equality and do not distinguish between who performs or not the investments.




Flujo en direccién Norte-Sur

Difficulties for NCRE insertion in Chile
Challenges in the short & mid term in the Norte Chico

v Resto del SIC

SE Paposo 220 kv
% % M sww 1
SE Diego de | %—.{-@ I
Almagro 220 kv =
SE Carrera Pinte
220 kv
SE Cardones
220 kv
L3 /L2 1 [ ze5mw |
im0 |
_____
SE Maitencille é Io
220 kv
L2 L1
SE Punta Colorada
220 kv
L2 L1
_———
r 43 MW |
HEeQ
SE Pan de AzQcar | = ——— = I
220 kv
BN Copacidad de generacion existenie
I Nuevos proyectos ERNC
Demanda existente

I Nuevos proyectos de demanda
Capacidad de transmision existente

I Nuevos proyectos de transmision
Capacidad generacionERNC
B gicional instalable

Potential capacities for barriers
linked to transmission up to 2018

Considering the constraints of the transmission
system in 2014, there would be additional
capacity available in the Norte Chico close to
364 MW for new generation sources.

This capacity is expected to increase to
approximately 538 MW by 2017, taking into
account the extensions to the transmission
system.

Given the lack of economic energy supply,
some mining projects in the pipeline have been
postponed or suspended its implementation,
which has slowed the growth expectations of
demand in the north of SIC.

Source: Systep, 2014 20



Difficulties for NCRE insertion in Chile
Challenges in the short & mid term in the Norte Chico

mw% {W s Barriers linked to transmission in
critical area (S/E Diego de
! Almagro)

Any project that wants to connect to

El Savador S/E Paposo must apply for a permits
M % %{““”‘”“” connection to the owner of the line.

2.8 MW Emelda Solar 5L MW

SE Diego de g—l-|-®

Almagro 220 kV

Much interest to connect in that
area.

B MW By request of the Panel of Experts,
- Capacidad de generacion existente any prOJeCt Who Wants to ConneCt In

B Nuevos proyectos ERNC the area must have an EDAG.
Demanda existente
RESfG d'EI SIC I Nuevos proyectos de demanda

Capacidad de tfransmision existente

Flujo en direccidn Norte-Sur

I Nuevos proyectos de transmision
fr— Capacidad generaciénERNC
adicional instalable

Source: CDEC-SIC, Systep 21




Difficulties for NCRE insertion in Chile
Challenges in the short & mid term in the Norte Chico

Flujo en direccion Norte-Sur

99 MW
Taltal Edlica

=Currently trunk system reinforcements are

SEPapozo 220 kv developing in the north:
= New double circuit line “Cardones - Diego
B salader 104w de Almagro 220 kV” (entre 2016 y 2017): it
28 MW % % {smmw will ease local restrictions of transmission
e s somw north of Cardones
sepiegode ¢ &7 ¢ = New 500 kV system between Polpaico &

Almagro 220 kV

|

: Cardones (2018): will solve trunk

I transmission security restrictions between
9 MW | the center and north of the SIC.

|

|

|

SE Carrera Pinto
220 kv

sBefore new trunk transmission works enter

sunmés}@ug e | into service, if a number of NCRE projects
oww s ' develops in the area, while new mining

N 1o | projects are postponed, price decoupling
220 kv T o ' may occur between the north and the
‘c:m;g:m;} """"" o ~ rest of the SIC system. This could lead to

i

TOMW 235 MW

-Cupucrdud de generacion e.xl'stmte!ow Spot pripes in the hours tha:t the NC.RE
B uevos proyectas ERNG jeneration is coincident and higher prices
vhen it is unavailable.

Demanda existente

C
V]

I Muevos proyectos de demanda

Capacidad de transmisidn existente
Il Nuevos proyectos de transmisibn
Resto del SIC g COPacidad generacionERNC
adicional instalable

Source: CDEC-SIC, Systep 22




Difficulties for NCRE insertion in Chile
Challenges in the short & mid term

Barriers associated to connection
= Spinning reserve:
In the SIC, spinning reserve is around 400 MW. This implies

challenges for renewable projects that expect to inject in one
point more than that value.

If this threshold is exceeded, the reserve will not react and load
shedding will occur.




Actions to support insertion
Challenges in the long run

* How to support the incorporation of NCRE?

Support through funding

Supply contract auctions

Designing investment portfolios

Price stabilization funds




Actions to support insertion
Financing

= Support through funding

= Though the Development Corporation (CORFO), the NCRE
Interested in undertaking projects in Chile can apply to
both co-financing of pre-investment studies or direct
financing of investment projects.

= NCRE projects may apply to obtain financing through the
Clean Development Mechanism of the Kyoto Protocol;
born under the United Nations Convention on Climate
Change.

= The Energy Agenda has among its goals to reinvigorate pre
iInvestment support tools and access to financing for NCRE
projects.




Actions to support insertion
Long term challenges

= Supply auctions under the NCRE law

= The Ministry of Energy may carry up to two auctions a year

= The aim is to cover part of the obligation that is not covered by NCRE
projects in operation or construction

= The term of the offered contracts is 10 years notice

= All projects, not interconnected to the respective electric system at time
of call, may participate in the tender process.

= Supply auctions for distribution companies
= The only case to date of NCRE participating in tenders to supply regulated
customers is the Monte Redondo wind farm, which in a 2009 auction was

awarded a contract for 15 years to produce 275 GWh-year at 95
US$/MWh.




& International auction experiences
Peru

L=

=OSINERGMIN organizes NCRE energy auctions. The winners sign a power supply
contract.

= In February and July 2011 auctions were held to promote NCRE, the
winners had access to 20-year contracts with distributors. The results of the
auctions were:

Technology Price [US/MWh]

Solar (90 MW) 220
wind (140 MW) 80
Biomass (27 MW) 63
Minihydro (160 MW) 60

Source: Tesis Magister Ingenieria Sebastian Romero Moreau. PUC. Enero 2014




International auction experiences
Braazil

*NCRE auctions for power contracts with distribution companies.

Average price by

Process Technology offered auction
[US$/MWh]
2008 - (2400 MW) Cogeneration with sugar cane 80
2009 - (1800 MW) Wind 77
71% Wind 75
2010 - (2900 MW) 24.5% Biomass 82
4.5% Mini hydro 81

Source: Tesis Magister Ingenieria Sebastian Romero Moreau. PUC. Enero 2014




International trends
NCRE world generation and prospects

Global generation per year [TWh]
Rate
. W o rl dW| d e, an Technology 2010 2020 2035 2010-2035

im portant Biomass 331 668 1,212 5.33%

Hydro | 3,431 5,350 1.79%
growth of solar winal 3 y151
technologies is Geothermal | 68 118 217
expected Solar (PV) 32 282 524
Solar (CSP) 2 39 141

Wave 1 3 32 14.87%

Total NCRE | 4,207 6,648 9,627 3.37%

Total No NCRE | 16,828 22,256 30,486 2.41%

Total | 21,035 28,904 40,113 2.62%

Source: IEA, 2012




International trends
Slowdown In investment in NCRE

= However, in the past two years, investment in renewable energy
(excluding large hydro) decreased, reaching $ 214 billion in the
world, 14% less than in 2012 and 23% below the 2011 record.

The only regions that increased
Investment are America (excluding
USA and Brazil), with an increase of

Growth

63% 54% 47% 17% -2% 35% 23% -11% -14%
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279

26%, and Asia-Pacific (excluding - 250

China and India), with an increase “1 1 Fa.

of 47%, with Japan largely 145 : 2 _\‘jgj;g”‘e"‘R&D
responsible for this increase due to o S LEH
the solar boom which increased by = Asset finance*
80% investment Iin renewable III I

energy.
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Source: Global trends in renewable energy investment 2014.
Frankfurt School of Finance & Management




T International trends

mE—— Spain

» The 2005-2010 plan to promote renewable energies set a target that
by 2010, 12% of primary energy consumption would come from
renewable sources cover. Two forms were established, through which
renewable energy generators could trade their energy:

= Sell their energy to the system operator at a price defined by the
authority.

= Sell their energy in the electricity spot market price plus a
premium, also defined by the authority.

=  Accumulation of a tariff deficit in the last decade over 24,000 million
euros.

= January 27, 2012: the Spanish government approved Royal Decree

Law 1/2012 to suspend the premiums to the power generated from
renewables

* Real decreto 661/2007
Source: Diario el Pais, 28 de Enero 2012
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B Spain

= Impact
RETRIBUCIONES A LAS RENOVABLES
= Spanish Wind Energy Association (AEE) and En 2014, en millones de euros Escenario anterior
. . N i [}
Association of Renewable Energy _ vt e
Producers (APPA) question new energy Cogeneracion pus— 1 5ia ~10,4
policy driven k_)y the Spanish Government P “452-318 -13.2
and the premium cuts to renewable energy. — 1.438
Solar termoeléctrica D | 257 -12,9
o ' 1.802
. . . . . Edlica =33,7
= International claims against Spain for premium -T el
cuts. Such is the case of Masdar, from Hidraulica |12 =_e
Abu Dhabi emirate, which in February 2014 Biomasa - B +4,8
began an arbitration at the World ST— & -37,4
Bank, considering illegal the payment cuts of — &1
. . Tratam. de residuos g 553 -38,9
solar thermal installations. .
TOTAL g -19,2

= Brussels predicts that Spain will not
meet the renewable share of 20% of the

total energy consumption fixed for 2020.
9y P It is estimated that during 2014, 1,671 million

. euros in revenue of NCRE production facilities
Expansion of renewables freezes. will be cut.




How are we In Chile?
State of NCRE

* Renewable generation is
nowadays over the required
volume (additional 115%

energy).

* Involvement of different
technologies is currently:

= Biomass (45%)
= Hidro (23%)
= Wind (22%)
= Solar (9.9%)

» Endesa was the only with
deficit in March 2014
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Generation recognized by company for March 2014

Source: Reporte Systep, Mayo 2014 33




How are we in Chile?
State of NCRE

B Operating  ® Under construction Approved ® Under evaluation
MW
Nearly 11,862 MW of 12000 -
renewable capacity, 10000 1
split between projects 2000 .
being built and I
projects °000 1
environmentally 4000 1
approved. 2000 -
0 I . - . | : — [
5 758 in the Hydro Wind Biomass Solar Geothermal
environmental — sen |

evaluation process

Technology

338 85 270 202
421 671 4,359 1,624
482 22 85 67
173 170 6,080 3,865

0 0 120 0
1,414 948 10,914 5,758

Source: SEA, CDEC, CER, Abril 2014




How are we in Chile?
Opportunities for NCRE development

= Wind potential

= According to a study conducted by the Ministry of Energy, the installable
capacity by region with plant factor equal or greater than 30% is as
follows:

Cartera de proyectos Potencial disponible Potencial total

Region o zona Capacidad | Factor de | Capacidad | Factor de | Capacidad | Factor de

De Antofagasta (sin Taltal) 240 0,37 2.622 0,32 2.862 0,32
Taltal 99 0,41 11.479 0,36 11.578 0,36
De Atacama 533 0,34 86 0,34 619 0,34
De Coguimbo 777 0,35 389 0,36 1.166 0,36
De Valparaiso 21 0,40 21 0,40
Del L. B. O'Higgins 75 0,34 75 0,34
Del Biobio 419 0,32 4.581 0,33 5.000 0,33
De La Araucania 407 0,38 1.933 0,33 2.341 0,34
De Los Rios 51 0,39 2.863 0,35 2.914 0,35
De Los Lagos (sin Chilog) 3.770 0,36 3.770 0,36
Isla Grande de Chiloé 428 0,39 9.678 0,34 10.106 0,34
Total 2.975 0,36 37.477 0,34 40.452 0,35

Source: Ministerio de Energia. El potencial edlico, solar e hidroeléctrico de Arica a Chilo€, 2014




How are we in Chile?
Opportunities for NCRE development

= PV Solar potential

= According to a study conducted by the Ministry of Energy, the installable
capacity by region with plant factors over 24% for fixed arrangements
and 30% for sun following is as follows:

Arreglo fijo Arreglo con seguimiento
Superficie Capacidad Superficie | Capacidad
(hal (NW) (ha (NW)

De Arica y Parinacota 104.015 20.803 205.024 41.005
De Tarapaca 309.163 61.833 1.055.670 211.134
De Antofagasta 4.995.313 599,063 6.003.064 | 1.200613
De Atacama 769.467 153.893 920.363 184.073
De Coguimba 11.442 2.288 16.201 3.240
De Valparaiso 117 23 319 bd
Total 6.189.517 1.237.903 8.200.641 | 1.640.128

Source: Ministerio de Energia. El potencial edlico, solar e hidroeléctrico de Arica a Chilo€, 2014




How are we in Chile?
Opportunities for NCRE development

= Solar CSP potential

= According to a study conducted by the Ministry of Energy, the installable

capacity by region with plant factor greater than 50% and a minimum of
200 hectares of continuous extension is as follows:

Regién ‘ Supﬁ;ﬁcie Capﬂﬂdad

De Arica y Parinacota 25.242 6.311
De Tarapaca 544,339 136.085
De Antofagasta 1.579.472 394.868
De Atacama 62.427 15.607
Total 2.211.480 552.871

Source: Ministerio de Energia. El potencial edlico, solar e hidroeléctrico de Arica a Chilo€, 2014




How are we in Chile?
Opportunities for NCRE development

= Geothermal potencial

= The figures of geothermal potential range - .
from 3,350 MW (ENAP) to 16,000 MW (Lahsen, ** & P B
1988). S22 ; L

The country has 75 exploration concessions in |
force (3 million acres and $ 380 million in '- i
iInvestment commitments)

2

w
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o

22'S e
There are eight concessions in force in 2013 s :
(38,000 acres and $ 1.16 billion in investment B - * [Geothermalfavorability
K A e . ] Low
commitments). e A e ] 3 Medum

W High
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It is projected that the first plant could be
operational by 2017.

= Projects with more progress
status are Caracautin (70MW) & Cerro Pavellon
(50 MW).

Geothermal sites (Aravena et al, 2013)

Source: http://www.cega.ing.uchile.cl/




How are we in Chile?
Opportunities for NCRE development

= Marine potential

= According to a study conducted by Aquatera Ltd, for the British Embassy
in Chile, the potential capacity by region is as follows:

Factor Linits

Marine energy resources

Pacific
Hine km 1,242 1,229 486 1,195 831 1,213 2619 T3
e e MW 20,000 21,300 10,700 32,000 25, 700 45 200 88,600 1,900
resounce
Tidal
| 25 MW 0 0 0 14 1,067 220 3,560 12

Source: Recommendations for Chile’s Marine Energy Strategy. Aquatera Ltd. 2014




Impacts of larger insertion
PUC study

Incorporating intermittent NCRE in the SIC would imply a higher total system cost

Total cost = Generation cost + Investment in power plants + Investment in transmission

U The marginal cost of energy decreases by

increasing renewable generation up fo 20% Average incremental integration
NCRE penetration, then the displacement of . costof intermittent generation is
thermal generation by renewable generation is 65.8 US$/MWh

harmful.

w0
[}

U The marginal cost of energy decreases 0.48 US$
/MWh per 1% increase in NCRE penetration by
2024 up to 20%, then increases 0.19 US$ / MWh
per 1% increase in NCRE penetration.

Costo Marginal de LargoPlazo [US$/MWh]
8

d  In theory, NCRE generation shouldreplace
thermal generation, however, in the hours that
NCRE generation is not present, marginal cost
increases because of more expensive thermal e

uni ”5 5% 10% 15% 26% 25% 30% 35%
: Penetracion de ERNC al afie 2024

®
3]

Source: Tesis Magister en Ciencias de la Ingenieria. Ignacio Urzia Manchego. PUC.
Supervision: Enzo Sauma y Juan Carlos Olmedo. 2014.



Impacts of larger insertion
PUC study

While generation costs decrease, the costs associated 5000 1
with investmentsincrease, with a turning point of o R
average costs a penetration of nearly 20%. L
E 5500
+ Investment in generation: 3
«  The scenarios with the highest intermittent B SEE
- . . . § o0
MCRE penetration have higher investrment g |
since these technologies are maore § i'zm .
expensive due to higher unit investment g
cost and lower capacity factor, compared = gl . . . .
to traditional iec-hn[}'ogieg_ 2017 2118 me 2020 1021 2022 2023 024 LR
+  The lower cost of generation by A, WL e M R
incorporating NCRE does not compenisate
the costs of investment in power plants and
fransmission lines.
+  Investmentin fransmission: Caso
* The (:CIP(]{. ity INCrease 1 mainly in the n:orih. Obra de transmisin Voltaje Fecha  Distancia Aumento  Costo  10% 15% 20 % 30%
_produr_.t r::_f the increased solar generation V] 4 ml  Copacidad [MM USS]
in the region. Entrada IMVA]
+  Onlyin the case of 30% penetration there is
the need to invest in increased capacity in Pan de Azucar 500 - Maitencillo 500 500 sep-22 2092 750 70,65 v
the southern S1C. because of increcsed Pichirropulli 220 -> Puerto Montt 220 220 ene-23 76,9 166 19.29 v
wind generation in the region. Linea . Azucar 500 - > Maitencillo 500 500 ene-24 2092 750 TE ¥
Linea P. de Azucar 220 - > Maitencillo 220 220 ene-24 196,6 130 38,64 ¥ o s ¢
It the NCRE generation increases by 1%, the average Pan de Azucar 500 -> Polpaico 500 SO0 ene-24 4018 750 135,70 ¢ v
annvalemission decreases by 537,000 tonnes of CO2, Los Vilos 220 - Nogales 220 20 w24 971 160 2349 PV
Linea Pan de Azucar 300 - > Polpaico 500 500 ene-26 401.8 750 135,70 A
Pan de Azucar 500 ->> Maitencillo 500 500 jun-26 2092 750 70,65 W v ¥
Cardones 220 - Diego de Almagro 220 220 jun-26 722 210 22,91 v
Carrera Pinto 220 - > Cardones 220 220 jun-26 753 280 31,88 "




Balance

= Relevant issues:

= The high wind potential and increased solar investment in
the north of the SIC have been greater than that established
by law from NCRE generation. However, the requirement of
the 20/25 law is still challenging from the technical and
economic points.

= Meeting the target requires the realization of a significant
number of NCRE projects.

= This involves the development of strategies for energy sales,
portfolio design, and a new auction mechanism to support
NCRE development.

= Required to solve connection and transmission problems.

= To meet the target, a parallel development of conventional
energy is needed. Challenges in the remaining 80% of the
matrix and the effective capacity to support intermittency.
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