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National EIeCtric coordinator B ; COORDINADOR
Chilean ISO ==='- ECTRICO NACIONA
IgCoordmador Elech:trlc;o Nac| ,he

ependent technical organization in charge of operating (coor natlng
electric facilities in the national electric grid.

O Responsible for ensuring reliable, efficient operation of the power system, and for ensuring
open access to the transmission systems

a Chilean ISO started up on January 1st, 2017 (Law 20,936, July 2016)
a Chilean ISO is the legal continuator of former CDECs (SIC and SING)

Q Independent Board of Directors (5 members, 5-year period) responsible for steering and
administering the organization

O Board Members elected by a Nomination Committee (National Energy Commission, Panel
of Experts, Antitrust Tribunal, Public Executives Search Service) in a public recruitment
process
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NATIONAL ELECTRIC COORDINATOR: CHILEAN ISO
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Electric System - SING ‘i COORDINADOR

Northern Interconnected System (2016) %
Capacity & Energy by Fuel Type
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Electric System - SIC '52'99%2}’?'&@85
Central Interconnected System (2016)

Capacity & Energy by Fuel Type
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Electric Systems - Total

National System (2016)

e Installed Capacity: 22,045 MW
*  Energy Generated: 73,877 GWh
 Peak Demand: 10,400 MW
*  Population: 17.3 Millions
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Capacity & Energy by Fuel Type

44%

22% 23%

17%
0 0,
% 4% .” 3% 5.”’ 3%

14%

Coal Diesel

m |nstalled Capacity

LNG

Cogen Wind Solar

m Energy Generated

11 www.coordinadorelectrico.cl




Agenda i i COORDINADOR

e ELECTRICO NACIONAL
..

O National Electric Systems in Chile
O Electricity Market Framework, History and Context
O Main challenges in V-RE Integration

O Lack of transmission capacity for RE

O Interconnection the National Electric Grid

O Ramping control for net load demand.

O Final Comments

2 www.coordinadorelectrico.cl



Prod

[
6.000

5.000

4.000

3.000

2.000

1.000

(o}

GENERATION AND ENERGY PRICES:
yecién Energla HISTORICAL EVOLUTION

ae

First Natural Gas
curtailment
from Argentina

Argentinean Natural
A Gas Crisis

LNG
(Quintero Plant)

\

2003 2004 2005 2006

i Edblico
mmw Carbon
GNL

A

2007 2008 2009 2010 2011

Solar
mmm Hidraulico
HEm Petrdleo

/ A
‘ 'wM

2012

o

2013 2014 2015 2016 2017

I Otros (Biomasa-BioGas)
B GN

e Cmg Quillota 220 kV

Cmg Quillota 220 kV
[ USD / MWh ]
3

50

300

250

200

150

100

50



Chilean electricity market - Historical °
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COORDINADOR

ee £ FCTRICO NACIONAI
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Private model

Generation

Transmission

Vertical integration was
modified

Market introduction with

locational marginal price
scheme

|
>
|

Amendments

The “Short Law I”:
- Open access regulation
- It creates Expert Panel
- No transmission charges for

non-conventional small
projects < 9 MW

The “Short Law II”:
Tenders distribution companies
supply (end-users)
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Chilean electricity market - Historical dewecclmoR me

ECTRIC II ACIONA

Chile adopted a non-subsidiary model for the
integration of,yrenewables. 2012 - 2013

Renewable Energy Law Transmission and only one

Renewable Energy Law version 2 Coordinator (Chilean 1SO)

version 1

Increment on RPS - Robust Transmission to

- Introduction of a avoid constrains
: target: 20% by 2025 |
renewable portfolio & ° Py Charged to demand

standard: 10% by (NCRE) . (prorate)
2024 (NCRE). Net-metering Law. A.S. Market (check

competitive conditions)
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THE DEVELOPMENT OF # COORDINADOR

§§ ELECTRICO NACIONAL

NCRE

Annual generation 2008 Annual generation 2016

Hidro Hidro
40,7% 24,2%

GNL
16,3%

Diesel
2,6%

Fuente: Balance Definitive ERNG 2077,
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COMPLIANCE THE TARGET e

*%: COORDINADOR

2010-2016 $2 ELCCTRICO NACIONAL
.!E
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2010 2011 2012 2013 2014 2015 2016

The annual target has been exceeded by projects developed under market conditions

Fuenle: Coondinadur Elgctrice Nacional, aio 2018
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Tenders Process for supply 4 COORDINADOR
energy to Distribution
Companies

 Introduction of the so-called ‘hourly blocks’,
wjth a significant impact on bidding prices.
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TENDERS PROCESS :g'coonnmmon
Regl“atEd customer %ELECTRICO NACIONAL

In 2016 52% of the energy tendered was awarded to NCRE
Average price 2016=47.6

USD/MWh 140 USS/MWH
120 (include a record bid for Chile

100 PV project=29 USS/MWh
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INTERNATIONAL CONTEXT
Bidding process
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Electricity Market Framework .
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ee £ FCTRICO NACIONAI
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Ministry of

National Energy Energy Fuels & Electricity

Commission Superintendency
(CNE) (SEC)

*  Regulatory body e Sanctioning body
. Laws, decrees, norms . Interprets regulations

Setrates g ) . Norms compliance oversight
National Electric

Other organizations: Coordinator

Panel of Experts (Chilean |SO)
National Economic

Prosecution Office

Distribution &

N Large
Transmission Customers

Companies
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Wholesale Energy,

ss COORDINADOR

ee £ FCTRICO NACIONAI
op

Generator A ca paCity .Eg

LMP

Pricing e Chilean ISO de'lnes day-ahead generation schedule based on economic dispatch

» LMP from economic dispatch is based on declared variable costs (LMP settlement ex-post)

» Chilean ISO determines energy balances by differences (contracted vs. actual generation priced at LMP)
» Competitive long-term energy bids for regulated customers conducted by the CNE

» Capacity payments based on plants’ availability during peak demand

National Electric : , , iy : ,
» Ancillary services will transition from cost-based to auction-based for balancing

Coordinator

LMP
Pricing

Long-term
Contracts Distribution
(Regulated)

» Proportionally charged
to demand

o Tariff based on tender
process for new
transmission projects

Transmission
(Regulated/

Generator
B
Competitive)
Bilateral
Contracts

Large
Customers
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Wholesale Marginal Cost & Tariffs ..o
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120.0

= CMO SIC == CMG Quillota 220 kV === CMO SING === CMG Crucero 220 kV
Average Operation Average Marginal
1000 Cost (CMO) SING Cost (CMG) SING
. 39 64
g USD/MWh USD/MWh
2 600
a
2
400 ——_v—/’\_\ Average Operation Average Marginal
Cost (CMO) SIC Cost (CMG) SIC
200 /\/—\ /¥
23 56
00 s . , o - - . 5 " - N _ s USD/MWh USD/MWh
: 8§ 3 8§ & 5 8 &8 % & & 3 %
2017
Rates 2016:
e Capacity: 100,000 USD/MW/YTr.
e End customer: 200 USD/MWh (70% G, 8% T, 22% D)
e Large Customers: 62 USD/MWh
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Transmission Sector

Generators

Dedicated Dedicated

National System
(Bulk Transmission)
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The transmission system was separated into
three segments: National, Zonal and Dedicated
Transmission segments

Centralized planning (CNE-Chilean ISO)

System expansions based on competitive
bidding process

Bidding process administered by Chilean ISO
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Potential Renewable Energy in Chile - COORDINADOR

u ELECTRICO NACIONAL

Chile has enormous potential, more than 1,865 GW of wind, solar and =E
hydro energy, and probably 2,000 or more MW geothermal power and
2,000 MW of biomass.

Region de Regién del e%nSn del Regibnde Regionde Regionde
Valparaisa Maule La Araucania Los Rios  Los Lagos
168 MW 2127 MW  8.152 MW 4.169 MW 5.524 MW 14.955 MW

_f"” il f Aﬁ‘“ g 8

¢ - f
e
:"c— %
| ol & R -
- qua:i‘lf\.fi
v @ - - v o .
Regionde  Region de Regitn de Regién de Regiénde  Region de ién del
Arica y Tarapaca Antofagasta Atacama Coquimbo  Valparaiso |%gL G.B.
Parinacota 304.182 MW  1.288.566 MW 187.933 MW 4.406 MW 168 MW  O’Higgins
42.958 MW 798 MW
Fuente: Presentaciones CNE y Min. http://www.minenergia.cl/documentos/estudios/2014.html

Energia:
www.coordinadorelectrico.cl
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CHALLENGE INTEGRATION NCRE *£: COORDINADOR

88 ELECTRICO NACIONAL

1) Conventional power plant
operation regime

2)  Environmental Regulations

3)  Others flexibility sources
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CHALLENGE INTEGRATION NCRE £ COORDINADOR

88 ELECTRICO NACIONAL
(111

. HYDRO |
| RESERVOR |

FLEXIBILITY ,‘STP(;’F?,”A‘;E STORAGE SYSTEM
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Handle lack of transmission
capacity for RE

In the northern part of SIC (8oo km, 220
kV system):

Local Demand: 1000 MW

Install Capacity (Wind+PV): 2200 MW
Coal Power generation: 750 MW (5 units
150 MW, minimum load (40%) 25% to
36%)

Transmission capacity North-->South :
224 MW, N-1 criteria.

In normal operation it is necessary to
order curtailments.

“zero” marginal cost during day hours.

COORDINADOR
88 ELECTRICO NACIONAL
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Lack of transmission capacity for RE
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The main objective of the
scheme is to increase the use of
transmission capacity from
NORTH — SOUTH, allowing
maximum generation from
NCRE sources.(N-1 to near "N")

Reducing operation costs of the
whole system without affecting
security constraints.

A design for an automatic
scheme for
reduction/disconnection of
power generation is available.
Basically, the scheme will allow
transmission levels reduction
under contingencies in the
Northern SIC and a fine-tuning
of power transmission levels
under normal operation.

*3. COORDINADOR
e ELECTRICO NACIONAL
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. Les costos marginales aefinitives continuardn siendo entregades dela forma habitual.




CHALLENGE: INTERCONNECTION THE GRIDS .
Coo.rdl.n.atlon, Security, Stability, Reactive power control, -E:'coonnm Prr
Variability of power flows §§=ELECTR'C° NACIONAL

Los Changos 500 > Cumbre 500 Cumbre 500 > Cardones 500 Cardones 500 > Maitencillo 500
2000 2000 2000
1000 1000 1000
0 0 0

1 3 5 7 9 11 13 16 17 19 21 23 1 3 5 T 9 11 13 16 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23
-1000 -1000 -1000
-2000 -2000 -2000
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Los [:h.?;ﬂgtl:i &3 Maiencila
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CHALLENGE: INTERCONNECTION THE GRIDS

Coo.rdl.n.atlon, Security, Stability, Reactive power control, 1} COORDINADOR

Variability of power flows. $8 ELECTRICO NACIONAL
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CHALLENGE: INTERCONNECTION THE GRIDS

Coo.rdl.n.atlon, Security, Stability, Reactive power control, 1} COORDINADOR

Variability of power flows. $8 ELECTRICO NACIONAL
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RAMPING CONTROL £ COORDINADOR

Summer day: 2021 %
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§§ ELECTRICO NACIONAL
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RAMPING CONTROL # COORDINADOR

Summer day: 2021

0 3 6 9 12 15 18 21 24

Potencia
(MW)
12.000
11.000
DEMANDA
DEMANDA
10.000 NETA
DEMANDA
NETA 30%
9.000
8.000
Disminucion en 2 horas: Aumento en 2 horas:
o 800 MW (Ley ERNC) 1.200 MW (Ley ERNC)
1.200 MW (Ley ERNC+30%) 1.500 MW (Ley ERNC+30%)
6.000
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Final Comments:

O

U

o 0O 0O O

. . . . §} COORDINADOR
The fast integration of renewables energy in the Chilean power system g FLECTRICO NACONAL

is bringing new challenges in order to keep the reliability standards %
and guarantee an efficient operation.

The interconnection SING-SIC (2017-2018) will be a valuable support
to face these challenges (flexibility from hydro reservoir) but it could be
not enough. We have to think, for instance, in redesign the A/S market

National and regional control centers

System Resilience (forest fires, hydrology variability, drought conditions
prolonged 7 years)

Integration of high levels of renewables (high potential wind&solar)
Centralized forecasting V-RE, National AGC, situational awareness
NCRE: Grid friendly

Implementing new functions (Law 20,936)
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