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Carbon Neutral



In Chile, the energy sector accounts for 78% of

CO.e emissions

COze

All references to CO,e, refer to
greenhouse gases (GHG) such as:

e Carbon dioxide (CO2),

*  Methane (CH4),

* Nitrous oxide (N20),

* Hydrofluorocarbons (HFC),
* Perfluorocarbons (PFC),

e Sulfur hexafluoride (SF6),

measured in CO, equivalent units

Based on National Greenhouse Gas Inventory (INGEI) data, year 2016.

Chile

en marcha

Coal

Natural gas

Other

Road transportation
Aviation, navigation, other

B Mining

Paper industry
Other

Housing

Other

6% INDUSTRIAL PROCESSES
11% FARMING




Carbon neutrality cost-efficient analysis Chile

Projection and evaluation of two scenarios by 2050

?D - Current policies | - Policies to achieve C-N by 2050

RS, - Coal power plant phase out according - Coal power plant phase out by 2040,
-8 to life span and economic merit ; VS according to public-private agreement
@ .- Tendency projection of the energy i - Projection with new CO,e mitigation
f, . matrix (business as usual) i measures
T SRS
2 Common elements: GDP 2,6 % period 2019-2029 and GDP 2,3% period 2030 -2050

' Costs of the carbon neutrality (C-N) scenario are evaluated:
'~ Capital expense (CAPEX) and operating expense (OPEX) of each mitigation measure. |
- Only direct financial impacts are considered. |
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Over 200 simulations to determine the most cost- Chile
efficient strategy to achieve Carbon Neutrality )

Plans and public Iterations
policies

( ||

National Energy
! Balance L LEAP Demand of
‘ other energy —

( o \m Energy demand carriers Greenhouse gas
Projections of GDP, projection emmisions
population, houses, AMEBA

car fleet, etc. b Electricity demand mmm—) | POwer system |
\ J optimization
|
Electromobility, -
distributed generation, Coal power plants
other phase out

Team: 20 engineers and economists from 5 Ministries
Data sources: INE, CASEN, Bloomberg, IEA, DOE (US), NREL, other
Srategy to select mitigation measures:

*  Cost-efficient selection through iterative analysis of their individual and joint impact, along with an analysis of the economic and emission reduction effects.
* The entrance and and weight of each measure, is decided according to its abatement cost ($/tCO2e reduced).
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Power generation in the Carbon Neutrality

scenario

Expected power generation by technology (TWh)
250 A

200

150 A

TWh

100 - —

50

2019

2024

2029 2034 2039 2044 2049

Storage
Pump

Solar CSP
Solar FV
Wind

Run of river
Small hydro
Hydro dam
Geothermal
Biomass
Diesel
Natural gas

Coal

Chile

en marcha



Carbon Neutrality 2050

MtCO,e

Reference scenario
120

80
40

Carbon neutrality scenario

O I I I I I

Ministerio de
J A, | Energia

Gobsemo de Chite

Chile

en marcha

130

65 Energy efficiency (7%)

2015 2020 2030

2040

gl

2050

Sustainable industry (25%)

Green hydrogen (21%)

Electromobility (17%)

Sustainable building (17%)

Coal phase out (13%)

Mantain forest capture

Forest carbon capture

Carbon Neutrality

Note: considers a capture of 57 MM tons per year from the forestry sector, plus an increase of 8 MM tons in 2050. The reduction percentages represent the aggregate for the period 2020-2050.

50%
(65 MtCO2,)

50%
(65 MtCO2,)




Measure contributions by 2050

Minimum energy standards engines (100HP)
Energy management systems 2.5%
Coal phase out

Distributed generation PV

Electric heating — public, commercial
Vulnerable housing insulation
Insulation improvement existing homes
Solar thermal systems

Electric heating- residential

Taxis 100%

Private vehicles 60%

Public transportation — RM
Commercial vehicles 60%

Public transportation — regions

Freight transport

Engine uses

Biogas generation

Engine electrification — other mining
Engine electrification — commercial
Engine electrification — industry
Thermal electrification

Engine electrification— copper mining

Electromobiity

Green Hydrogen?
21% 17%

Electric heating in homes

Solar thermal systems [N

2050 Goal
Green hydrogen replaces 57?’ houses
diesel in engine uses in 70% apartments
industry and mining. ~
I

2050 Goal
37% open pit mining [
8% underground mining B
12% various industries N

Use of solar resource for I

heat generation in industrial [

and mining processes

2050 Goal /\

10% ivarious industries [ |

16% copper mining T Green hydrogen replaces diesel

use in freight transport.
|
I 2050 Goal
i 85% of transport with a capacity
- over 5 tons
25% 50%

1 Gas pipelines measure is not graphed (<1%). 2 District heating and geothermal are not graphed (<1%). 3 EE: Energy efficiency. Modal shift and new minimum energy performance standards are not graphed (<1%).

A@ Ministerio de
Energia
Chile
en marcha
EE
7%
Coal power plant
phase out.
2040 Goal
100% coal power
plant withdrawal
100%




Abatement cost curve Chile

Gobsemo de Chite

- PV Distributed generation

- Modal shift
- Taxis 100% 65 MtCO,e
- Energy management systems 2,5%
- Machine drive electrification — mining (non copper)
- MEPS engines up to 100HP
300 - Machine drive electrification — industry
- Fertilizers
- Electric heating — residential - Insulation improvement
- Thermal solar systems existing homes
200 - Commercial vehicles 60% - Public transportation — Capital
- Thermal solar systems - Machine drive electrification — Commerecial
v, - Electric heating — public, commercial . Geothermal
8 - Machine drive eIectrif_icatio_n - copper - Lanfdill gas flare
< 100 - Machine drives ‘ - Biogas generation
% - Freight transport
g
5 O I
£ 40 l | 60
E - Coal phase out e
< - Biodigestors - District
-100 - Thermal electrification heating
- Bovine diet - Private
- Insulation improvement vehicles
vulnerable homes 60%
-200 « Public transportation-
regions
. Sustainable Industry . Electromobility Sustainable Buildings - H2 thermal uses
- New MEPS
300 Million tCO,e Hydrogen . Coal Phase Out Energy Efficiency Other Sectors

In green: ongoing actions




Escenarios de costo de mitigacion al ano 2050 Chile

65 MtCO,e

297 USD/tCO,e (*)

300 b oo oo e e e e e e e e e — e = =
Carbon :
—yneutra!lt Energy + forest
200 scenario + other sectors
Energy + forest

100 I I Alternative 2

28 USD/tCO,e (*) Energy + forest
---------------------------------------------------------- C== . TTT====° iothersectors

+ offsets
100 _,_IJ_'_'

-200

Abatement cost - USD/tCO,e
o

-300

-400 Million tons CO,e by 2050
0 20 40 60

(*) value of the last abated unit to achieve a total emission of 65 MtCO,e 10




Cost of Carbon Neutrality

Chile

en marcha

Carbon Neutrality Scenario: Energy + Forests + Other sectors

50.000
40.000
30.000
20.000
10.000

-10.000
-20.000
-30.000
-40.000
-50.000

Benefits and costs of carbon neutrality (NPV)

-41.300

Investment

[Millions USD]

+78.400

Savings O&M

37.100

Benefits

Net values ERlcorrespond to the
difference between Reference and
Carbon - Neutrality Scenarios.

Does not include offsets or emissions
trading market.

Does not include co-benefits for

reducing local emissions and
improving health effects.

11
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Carbon Neutral



