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Population ~ 20 million

MAP (2024)
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Renewable energy potential
> 2.350.000 MW
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Installed capacity

36.000 MW

Renewable energy .
21.000 MW -

" Peak load
Source IMF DataMapper, PIB per capitadjustedby PPA

12.000 MW

¥ Electricity consumption
83.000 GWh

Source Coordinador eléctrico nacionalyn elabortaion 2024
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Scopeof the energytransition
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Mitigation/ adaptation Actions andpublic policies
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5 BARATO

High mitigation /adaptation
potential and co -benefits

Feasiblility

(technical , institutional ,and financial )

Cost -effective



Chileancontext
Proposedmitigation actions
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PV distributed generation
Modal shift
Taxis 100%

Energy managementsystems 2,56%

MEPSenginesupto 100HP

Fertilizers

[ Sustainable Industry ] Coal Phase Out

Machine drive electrification - mining (non copper)
Machine drive electrification -industry

Electric heating - residential
Thermal solarsystems

Commercialvehicles 605%

Thermalsolarsystems

Electric heating - public,commercial

Machine drive electrification - copper
Machine drives
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65MtCO,eq
Insulation improvement i
existing homes

Publictransportation - Capital

Machine drive electrification
Commercial

Geothermal
Landfill gas flare

: Biogas generation
Freighttransport

MtCO,eq In green:ongoing actions

Hydrogen ¥ Sustainable Buildings

B Electromobility

[ EnergyEfficiency

|
40 -

Coalphase out
Biodigestors

Thermal electrification

District
heating

Bovine diet

Private
Insulationimprovementvulnerable homes vehicles

Publictransportation -regions 60%

HZ2thermaluses
MNew MEPS

Other Sectors

Fuente: NDC de Chile, 2020



Chileancontext
Powermix evolution
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Electricitygeneration(pastand future)

2013: despegue
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2009: inicio operacion
terminales GNL y
nuevas carboneras

2004: primeros
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natural
Argentino
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2028: inicio operacion
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Storage
PSP

Solar (CSP)
Solar (PV)
Wind
Hydro(L)
Hydro(R)
Geothemal
Biomass
Diesel
Natural gas
Coal

Source Energyministry
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Installed Capacity[MW]

12.000
Installed [MW] |Construction [MW] |Approved [MW]
Jan 12 1 1 1.000
10.000 Jan 13 4 1 3.909
Jan 14 7 128 5.457
Jan 15 402 943 8.909
Jan 16 848 2.305 11.576
8.000 Jan 17 1.041 1.348 15.213
Jan 18 2.110 400 17.976
Jan 19 2.358 347 18.901
Jan 20 2.692 1.406 19.973
6.000 Jan 21 3.434 3.674 24.229
Jan 22 5.209 3.458 32.412
Jan 23 6.253 4.870 38.483
jan 24 8.474 4.598 40.027
4.000 Oct 24 10.285 3.875 41.827
2.000

Jan12 Janl1l3 Janl1l4 Janl5 Janl6é Janl1l7 Janl1l8 Jan19 Jan20 Jan21 Jan22 Jan23 jan24 Oct24

Source: Own elaboration based on monthly NCRE reports from the National Energy Commission of Chile. 10



Chileancontext Quality of the resource(anos

Fuente: Elaboracion propia a partir de informaciéon CEN, CNE (Vicente Guzman, memorista,U Chile)
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Mover punto azul para variar rango de anios

@ @

120 Principales Indicadores
El gréfico muestra el inventario oficial para el periodo 1990-2020.
Las estimaciones se calculan para el afio 2021, 2022 y 2023.
100
Emisiones estimadas al afio 2023 Variacidén respecto a valor oficial 2020
102 -3,6
80 02,0 ’
millones tC0zeq. millones tC0zeq.

60

40

Millon ton. de CO.e

20

1980 2000 2010 2020

B Estimacion Inventaric [} Inventarie [0 Industrias de la energia

[ Industrias manufactureras y de la construccion [ Transporte [ Otros sectores ] No especificado
[[] Emisiones fugitivas de combustibles [T Transporte y almacenamiento de CO2
[[] Procesos industriales y uso de productos (IPPU) [I] Agricultura [[] Residuos

Centro deEnergiahttps://observatoriocarbononeutral /&
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Assessments of:
AVIATION
Find out more

SHIPPING
Find out more

>

PARIS2015
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COP21-CMP11

The maps displayed are for reference only. LAST UPDATE: October 2024

CRITICALLY INSUFFICIENT HIGHLY INSUFFICIENT INSUFFICIENT ALMOST SUFFICIENT 5 CFARIS AGREEMENT

COMPATIBLE

13
Source Climate action tracker
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DecentralizedEnergySolutions

Vision
1 - Generation

Transmission

m @ «m

Distribution
Off-grid
On- gnd MG
> 2

. Point of common coupling Electricity flow “= = Communication links




DecentralizedenergySolutionsClassificatiorin Chile

Generator
‘ Transformer
AN ‘
. ﬂ l o1~ 5 /i\ PMG
% | i e R 23 kV
Mid-size systems Industrial load
i | /1\
1 L l PMGD
) /l\
ﬂ ..{::‘t‘ .
ms __
|solated systems A ’ o, Netbilling

Residential load
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DecentralizedeEnergySolutions

Installed Capacity of PMGD [MW]

900 [MW/year]
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[MW] Accumulated 4500
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------...--l0

2013 2014 2015 2016 2017 2018 2019

mmm Hydroelectric ~ mmmm Thermal s Wind

Source:Own elaboration CEN, CNEAcera.

2020 2021 2022 2023

Solar  emAccumulated

2024

Potencia Neta (M)
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%ﬁ*’.ﬁj& n 2N

»

o' BF Tme: —
InstalledCapacitpf PMG and PMGD @achregionof Chile [MW]

(October2024)

3.208

PMGD
B Diesel
B Natural gas
M Hydro
! Solar (PV)
B wind
Il Biogas
B Biomass



DecentralizedenergySolutions

Spatialdistripution
PMG + PMGD
InstalledCapacityf PMG and PMGD @achregionof Chile [MW] Qctober2024)
=2 ACERA
4 B
Arica y Parinacota [l 40 MW/ (1%)
Tarapaca "l 53 MW (1%)
Antofagasta J 137 MW (4%)
Atacama | 188 MW (5%)
Coquimbo Bl 370 MW (10%) _
H
Valparaiso I 430 MW (12%) - E'etse' |
Metropolitana B 623 MW (17%) Hadura gas
Gral. Bdo O'higginsli B 536 MW (14%) yaro
Del Maule | B 567 M\ (15%) - Solar (PV)
De Nuble] J 219 MW (6%) & Wind
Del Biobio [N B 276 MW (7%) Bfogas
De la Araucania VIl 70 MW (2%) B Biomass

De los Rios [l 49 MW (1%)

De los Lagos NG 160 MW (4%)
De Aysén 0 MW (0%)

Magallanes y la Antartica Chilena 0 MWW (0%)
0 200 400 600 800

InstalledCapacitfyMW]
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Midaize systoms (< 200 101 mauserielload

Net-billing N

Jm'e B
Net-billing
Net Billing Octubre-24: 285,7 MW
s#ACERA

Aricay Parinacota [ 218 instalaciones
Tarapaca M 137 instalaciones
Antofagasta [l 402 instalaciones
Atacama I 244° instalaciones
Coquimbo NN 585 instalaciones
Valparaiso NG 3102 instalaciones
Metropolitana | 8337 instalaciones
Gral. Bdo O'higgins I 1407 instalaciones
Del Maule I 2611 instalaciones
De Nuble I 1274 instalaciones
Del Biobio I 2211 instalaciones
De la Araucania I 1356 instalaciones
De los Rios I 7.2 instalaciones
De los Lagos I 848 instalaciones
De Aysén || 141 instalaciones
Magallanes N 104 instalaciones
0] 10k 20k 30k 40Kk 50k 60k 70k 80k o0k

InstalledCapacitfkW]



DecentralizedenergySolutions
Mid-sizesystems

7,18 MW

n Coc

‘ Capacidad instalada 5,86 MW
Demanda maxima 3,92 MW

% renovable del total  25%

| Generaci6n bruta 14,357 GWh

B | Capacidad instalada 4,66 MW
Demanda maxima 2,68 MW
% renovable del total 16%

Generacién bruta 15,977 GWh

Capacidad instalada

Demanda méxima

1| % renovable del total

| Generacidn bruta

13.51 MW
427 MW
0%

54,328 GWh

Capacidad instalada

Demanda méaxima 2,87 MW

% renovable del total 19%
Generacion bruta 15,703 GWh
Capacidad instalada 1,67 MW
Demanda maxima 0,81 MW
% renovable del total 18%
Generacion bruta S/
Capacidad instalada 56,9 MW
Demanda maxima 29,31 MW
% renovable del total 50%
Generacion bruta 166,27 GWh
Capacidad instalada 4,04 MW
Demanda maxima 2,76 MW

% renovable del total 16%
Generacion bruta 15,394 GWh

| Generacidn bruta

Capacidad instalada

Demanda méxima

% renovable del total

102,36 MW
48,21 MW
13%

268,969 GWh

3

Mid-sizenear 210 MW (10 systems)
+ Eastern Island

Capacidad instalada

Demanda maxima

% renovable del total

Generacidn bruta

11,07 MW

2,56 MW
0%
29,608 GWh

Capacidad instalada

Demanda maxima

% renovable del total

Generacidn bruta

2,38 MW
0,33 MW
0%

5,333 GWh




DecentralizedEnergySolutions | -
Cantidad de SSAA segun capacidad instalada
|solatedsystems

Menores igual a 100 KW

16.0% Entre 500 y 1000 KW

Diesel+Wind+PV
NG+WindNG Diesel+PV g
MH 1.0% 0% 20% S Entre 100 2 500 KW
7.0% PV 'g
MH+ oy Diesel+Wind £
Diesel =
g

Maiores igual a 1000 KW

0 10 20 30 20 50 60
Cantidad SSAA

N® SSAA y N® Usuarios por Regidn

Diesel

Near 110 systems
> 10 MW
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New challenges

Impactof CC

Climate change

I

Extreme weather eventd

v

Climate trends

H: Hydroelectric
S Solar

B: Biomas andBiogas

Contingencies

SC Shortcircuits
ID: Intempestive disconnection
or forced curtailment

Source: PhD candidate Pedro Gutiérrez, Universidad de Chile.

Operating conditions

v v v v v v v v v
Extreme winds (surf: ﬁzt\;vr?c\j/%iean Heavy rains Floodings Wildfires iizvé/o?g\?v\;v\zlf (SD;JIU'SC;' Temperatue Wind Precipitation
v v v v v v ¥ v v v
Generation L N( B(ER; EZ}F]] B, T,N (ER)L3]7|| T N-B(ER) (23]
Tou(ER, ID 4][12 Lo L T
plants and W (CFIL, ID) [7][54] S(ER) (sIie] H (CFI) [3][34]| B, T, N (ID) [3][71(8] | S(CFR) [11] S(CFR) [55 S(ER) 8] S(ER) [5108] || W (CFR,CFI)[7][8] H(CFR,CFI) [3][38]
S(CFI) [3][41] H(CFR, ID) [8] W (CFR) [11] Demand(DI) [56] H(OD) (5] S(CFI) [3][41]
demand H(CFR) [5] H(CFR)  [7] Demand(DI) [6]7]
Demand(Dl) [6][7]
Transmission " n y
Lines(SC) [3][10]| | Lines(CR) [7118] ! Subst.(SC) [7][15]|] , : 44 . Lines(CR) [7] . g
sgjsétsegtsioir;d Subst (SC) [27] Subst (CR) 8] No impact Lines (SC) [3] Lineg(CR, SC) [28][34 Lines(SC) [7]1]] Lines(CR) [3] Subst (CR) 8] No impact No impact
I [ I [ I I I [ I |
G _ | v v
eneration plants . : > ing poi Operating points
T Thermal W: Wind Contingencies » Operating points p gp
I Toi: Openloop coolingN: Nuclear ' ¥ l DI Demand increase

ER Efficiency reduction
CFRCapacity factor reduction
CF1 Capacity factor increase
CR Capacity reduction



New challenges D e B2
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Continuousimprovementvs. Disruptive Change
Incorporation Coordination o
of monitoring of DERs and loads in a feeder

Passive and actuators (i.e. MG)

distribution (i.e.remote-controlled
@
Non-coordinated Integration MG + energy and
incorporation of DERs with economic exchanges
of DERs the system (i.,e. VPP, P2P)
(i.,e.DG, EV, Storaye (i.e. feeder coordination with
DG, DSM, V2G)
Empresa PMGD, Ej. SAESA Alimentador de CEC SAESA,
Modelo VAD Netbilling actual en sistema de Ay sn® Curic - Sistema Corral

RefStudy awSIljdzZSNAYASYy(i2a ¢SOyAO02a LINF f /2yF2N¥IOAsy RS adolOBRANBRE&S S¥FS{AFEREIF e RS/ S¥a



New challenges
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Small Productive Procességs Public goods
Decentralized
Solutions
O = 1]
6606\ 6N ¥ 3
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Sourcewww.ayllusolar.cl 25
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Small Productive Procességs Public goods

Decentralized 'm'

Solutions
il Planta PV Invernadero
(15KW) e
/0 ““‘ ‘:‘:“:‘ S i
> S T s
@) et TeRel, B 29
g\ % O OCRRSSS Calor gtil
e Q)) “:“‘ et
S h< g (10kw) :
Hectrolizador § _, ) Celda de combustible
’ L Invelrs(;jor = | @ 1, (Gkw)
A\ s regulador 15kW, S _
?20 KW) 220V 1) i $ Quitivo
| ] [ [
0,
e e & &
ot s &
& Centralized *% Baterhd ]
1= . =] f o=
Solutions . N 50 W) Corgacor
ll?- -
“ é Sourceown ellaboration

@ | o o
OO/} . .-':}'-. QQ
9 e &

- QO
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o X&
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) i N\
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Source https://hifglobal.comrregiorn’ hif-latam 26



New challenges

Flexible feederdA MG A Aysenproject
1,3

= |
D N

Sistema

B Measurementcontrol points

Sourceown ellaboration
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Agrivoltaicsystems R

e e e a

Ref: Planta APV CoquimboHomer, 2021) Ref: Planta piloto en Lampa, Fraunhofer Chile

Ref: Pionlec, Francia (Toledo, 2021) Research 2021

4 )

Agrivoltaic systemsallow for dual land use;

however, they can also have impacts on the 1 hectérea
ecosystemin which they are implemented.

\_ J

1 hectérea

Ref. Marcia Montedonico, Universidad de Chile
HassanpourAdeh, et al., 2018; Jain,et al., 2021; Weselek, et al., 2019; Weseleket al, 2021; Waltsonet al., 2022; 28



New Challenges

Agrivoltaicsystems sl e BV ok

AGRIVOLTAICOS EN CHILE
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Actualizacién: julio 2024

Ref. Marcia Montedonico, Grupo agrivoltaico, U de Chile



New Challenges
Agrivoltaicsystems

MAPA DE PROYECTOS
AGRIVOLTAICOS EN CHILE
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Ref. Marcia Montedonico, Grupo agrivoltaico, U de Chile



New Challenges Al
Electrificationin agriculture il

Habilitacion de tendido eléctrico

e

Equipo de Riego por goteo
bombeo

e

Distancia entre empalme eléctrico y
fuente de agua para riego.

John Deere Electric Tractor

Fendt e100 Vario - 50 kW ‘SESAﬁ"”IS.rIoj ect - 130 kW

Ref: Memoria, Francisco Bull, Universidad de Chile, 2024. 31



New Challenges
Co-constructionof solutions

Solar Solutions for production in communities

wSOAO-TECHNICAL

DIAGNOSTICSAND TEAM
BUIDING
N
wSOCAO-TECHNICALDESGN
AND SUSTAINABILITY PLAN
J
-
wWIMPLEMENTATION ANDHRST
IMPRESSON

J/

wWOPERATION, EVALUATION
AND DISSEMINATION

Sage4

M. Montedonico, F HerreraNeira, A. Marconi, A. Urquiza,R PalmaBehnke dCaoconstruction of energy solutions Lessondearned

from experiencesn Chileé EnergyResearcl& SocialScience)olume 45, Pages173-183 November2018 32



New Challenges
Microgrid potential

Motivation: FranciscdloséGutiérrezGarciaGEscenarioparaun sistemaeléctricodescarbonizadeel casode Espafié BhDThesisU. ValenciaSpain 2021

33



