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Fraunhofer-Gesellschaft
iQuiénes somos?

Desde su fundacion en 1949 en Alemania, FRAUNHOFER-GESELLSCHAFT se ha
centrado en la investigacion aplicada, apoyando el desarrollo econdmico vy
proporcionando amplios beneficios para la sociedad.

Institut 4 Investigadores
75 Ar‘llserlnla:nci): - 28-000 e Ingenieros

AN
( 2.600 :r:eusauIFZIlEJl(ji)o - Mas de 2 patentes por dia
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Fraunhofer-Gesellschaft
Mision: Unir la 1+D con la Industria

Fraunhofer
»Bridging the Gap«

Academia, 5 4 Industry,
Research Institutes Startups

Technology
Development
“Scale Up”

4 Z Fraunhofer
CHILE



Fraunhofer CSET - CHILE

Lineas de Investigacion

El Centro fue fundado en 2014 en respuesta al lamado de los Ministerios de Energia y de Economia, financiado

por el Ministerio de Energia a través de CORFO y ANID, y con la participacion de Fraunhofer ISE y la Pontificia
Universidad Catdlica.

Fotovoltaico Solar Térmico Desarrollo de Negocms

J 111177
I 1777777777
Iz

N
N
\
~
-
e
-
-
-
,

Nos vinculamos con Fraunhofer Alemania a través de Fraunhofer ISE, uno de los principales Centros de I+D en
Energia Solar a nivel mundial. F-ISE desarrolla I+D aplicado tanto en Baterias como en H2 Verde, a lo largo de las
correspondientes cadenas de valor.

\
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Tipos de Vehiculos Eléctricos - Definiciones

{

H

Picture credits: https://thedriven.io/2018/11/14/the-ice-age-is-over-why-battery-cars-will-beat-hybrids-and-fuel-cells/

BEV
Battery Electric Vehicle

Ragenertive

Braxirg

— 1
Regenarative
Braking

PHEV

Plug-in Hybrid Electric Vehicle

Petrol/Diesel

HEV

Hybrid Electric Vehicle

Petrol/Diesel
Tank

FCEV

Fuel Cell Electric Vehicle

Regenacatve
Braking
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¢BEV o FCEV? Ambos — depende la aplicacion

Autos de Pasajeros

Clase
Compacta
Kilometraje
Medio

Electricos - BEV

Clase Media
Kilometraje
Alto

Vehiculos Comerciales — Camiones y Autobuses

Camiones hasta
35t
Minibus Publico

Camiones Hasta 12t
Bus interurbano
Regional

Camiones <40t
Bus Largo
Recorrido

S

—

H2 | FCEV o
Electricos/BEV

Fuente: Estudio VDE (www.vde.com)

Parque Vehiculos
Legacy

E-Fuels | ICE

Z Fraunhofer
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BEVs en 1908-1912......

Oliver P. Fritchle
USA, 1874-1951

MOTOR

AGE

100-MILE

FRITCHLE ELECTRIC

A car that is guaran-
teed to make 100 miles
to the charge over
country roads.
We are now
ready to close
1909 Agency
Contracts.

Now touring from Li
coln, Neb. to New York
City through No-
vember mud
and over heavy
hills that would
stop many
gasoline cars.

' VICTORIA PHAETON——$2000 |

is now touring from Lincoln, Neb., to New
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go the route will be to South Bend, Indiaua,
Toledo, Ohio, then di ally southeast to Pitts
Pittsburg Glidden Tour route) to Phila
New York City, over the Allegheny Moun
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of by Buffalo and the lovel roads of the Mol

in Denver, Colo., and buil
an_occurrence of no

1 by the great
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tour from
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of it than ti owner
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other ensters tie
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select one
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sk of it—oven

trip from Lincoln

d mountains thrown in.

nteed to muke 100 miles 1
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tion, or better still,
now making this

The Fritchle Automobile & Battery Co. beaver,

rkson St
CoL.

When Writing to Adcertisers, Please Mention Motor Age.
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Million

Electromovilidad — Evolucion del Mercado

Global EV stock by mode and scenario, 2020-2030

Stated Policies Scenario

250
STEP: escenario en base a politicas
conocidas/anunciadas a la fecha,
200  junto con planes anunciados por la
industria.
150
100
50
0
2020 2025

oPLDVs - BEV ®mPLDVs-PHEV OLCVs-BEV

Fuente: www.iea.org — Global EV Outlook 2021

250

200

150

100

50

0

2020

Sustainable Development Scenario

SDS: escenario en base a politicas mas
agresivas, electrificacion acelerada, y
cumplimiento estricto de metas de
reduccion de GEIl definidas en el
Acuerdo de Paris.

2025 2030

mLCVs -PHEVY OBuses-BEV ©DOBuses-PHEV @Trucks-BEV ®Trucks - PHEV

\
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http://www.iea.org/

Parque de vehiculos motorizados a nivel mundial

Road motor vehicle ownership per 1000 people, 2014

Number of road motor vehicles per 1000 inhabitants, by country, in 2014
- -

Our World
in Data

— -

World

0 75 300 500 200
No glata ‘ 50 200 400 700
| | [T
Source: NationMaster cCBY

Note: Road motor vehicle includes automobiles, SUVs, trucks, vans, buses, commercial vehicles and freight motor road
vehicles. The data excludes motorcycles and other two-wheelers.

1.420 millones de vehiculos motorizados
1.060 millones autos de pasajeros

363 millones de vehiculos comerciales
Datos aproximados 2020

(Fuente: Wards Auto)

USA: 797 autos/1000 Habs

UK (Europa): 519 autos / 1000 Habs
China: 83 autos/1000 Habs

Chile: 200 autos/1000 Habs
Mundo: 180 autos/1000 Habs

Ventas anuales autos Nuevos 2021
(Proyeccion): 85 millones

\
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Evolucion esperada en Infraestructura de Carga de BEVs

Electric LDV chargers and cumulative installed charging power capacity by scenario, 2020-2030

250
£ 200 =
o 8
g g
£ 150 2
kS T
— w
) =
€ 100
-
=z
50
0

STEPS
2025

SDS | STEPS

2030

SDS

@ Private - home OPrivate - work

Fuente: www.iea.org — Global EV Outlook 2021
11

BPublic - slow

20

1.6

STEPS
2025

SDS

OPublic - fast

STEPS  SDS
2030
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http://www.iea.org/

Electromobility: Market Development

Global batterv demand by application CAGR Global battery demand by region CAGR,
GWh in 2030, base case % p.a. GWh in 2030, base case % p.a.
2,623 2,623
‘ ‘ China @
Elect
14x 2,333 Clectric 5 14x
mobility
v @
971 971

808 Energy @

282  storage 282 AN 702 RoW 3
184 229 - Consumer 184
142 105 | "electronics 2225

m L
10| 44

178
2018 2020 2025 2030 2018 2020 2025 2030

FIGURE 1: CURRENT AND PREDICTED GLOBAL BATTERY DEMAND.>

\
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Algunos modelos comerciales de BEVs

L N A IR b e

Ford F-150

Tesla

Hyundai loniq Fiat 500e

~ Fraunhofer
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Experiencia en electrificacion en mineria

Sandvik Electric Loader

Pala Sandvik 14T y camién Sandvik 40T. TORO™ LH625iE ELECTRIC LOADER

LHD Komatsu Hibrido Diesel+Eléctrico en El Teniente

Komatsu 930E-4 - 290 Ton. Carga Util =
Diesel 16 Cil. - 1902 kW — 2550 HP CAEX Caterpillar con ‘Trolley Assist’
Drive Train Eléctrico (Propulsion)
Fuentes:
https://www.mining-technology.com/projects/borden-gold-mine-chapleau-ontario/

https://www.rocktechnology.sandvik/en/products/underground-loaders-and-trucks/electric-underground-lhds/Ih625ie-electric-loader/

https://www.komatsulatinoamerica.com/chile/komatsu-presento-el-primer-lhd-hibrido-del-mundo-en-el-teniente/

\

https://www.komatsulatinoamerica.com/chile/productos/930e-4/ % Frau n hOfer
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https://www.mining-technology.com/projects/borden-gold-mine-chapleau-ontario/
https://www.rocktechnology.sandvik/en/products/underground-loaders-and-trucks/electric-underground-lhds/lh625ie-electric-loader/
https://www.komatsulatinoamerica.com/chile/komatsu-presento-el-primer-lhd-hibrido-del-mundo-en-el-teniente/
https://www.komatsulatinoamerica.com/chile/productos/930e-4/

Buses e

e 700 buses a Agosto 2021
* Mayor flota de Latinoamérica, segunda a nivel mundial, después de China

* Completa infraestructura de recarga

* Gran aceptacion por parte de los usuarios TRANSPORTE PUBLICO URBANO SANTIAGO
Bus Capacidad
Baterias
Clase Marca Modelo [kWh]
B2 BYD K9 FE 276,5
B2 YUTONG ZK6128BEVG 324,4
B2 FOTON eBus U12QC 151,55
Al BYD K7 156,6
Al FOTON eBus U8,5 QC 129
B2 ZHONGTONG LCK6122EVG 351,237

B2 KINGLONG XMQ 6127GPLUS 374,65

http://reportesostenible.cl/blog/flota-de-buses-electricos-en-chile-es-la-mayor-de-latinoamerica-y-la-segunda-a-nivel-mundial/

81
87
90
45
47
a8
90

CONSUMO ENERGETICO BUSES PROPULSION ELECTRICA

1,57
1,48
1,67
P B
1,24
1,58
1,74

éctricos en Sistema RED - Santiago

176,1
219,7
90,9

138,6
104,0
222,3
215,0

https://energialimpiaparatodos.com/2020/06/30/chile-tiene-la-flota-100-electrica-mas-grande-de-america-latina-y-avanza-a-1160-buses-electricos-y-ecologicos-2/

https://energia.gob.cl/electromovilidad/transporte-de-pasajeros/buses-electricos-red

\

Capacidad Consumo Autonomia
Pasajeros [kWh/km] [km]

Z Fraunhofer

CHILE


http://reportesostenible.cl/blog/flota-de-buses-electricos-en-chile-es-la-mayor-de-latinoamerica-y-la-segunda-a-nivel-mundial/
https://energialimpiaparatodos.com/2020/06/30/chile-tiene-la-flota-100-electrica-mas-grande-de-america-latina-y-avanza-a-1160-buses-electricos-y-ecologicos-2/
https://energia.gob.cl/electromovilidad/transporte-de-pasajeros/buses-electricos-red

Electromovilidad en la Agricultura

John Deere Electric Tractor

Fendt e100 Vario — 50 kW ‘SESAM’ Project — 130 kW

Tractores Auténomos (Naio Technologies — France)
Desmalezadores Auténomos para Vifias y Hortalizas

VAR *

Tractores Auténomos (Fuente

EE S

: CASE — USA)

Iniciativas Agro PV y Floating
PV para Agricultura:
Tractores BEV es interesante
extension

\
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La Cadena de Valor del Hidrogeno Verde

17

Generacion Almacenamiento

Heat

Salt cavern

#

Wind

HZ
& f . Underground
Pipe storage
SIS Electrolysis

% I:l

Grid LOHC!?

;ﬂ —
Fossil Gas Cylinder

Oy

Transporte / Exportacidon

Fuente: Fraunhofer ISE

\ 4

e

LOHCY/LH,%/ or
Gas Ship

. a

LOHC Trailer

Onsite

-_"a
Liquid Hydrogen LH,
Trailer?

CGHZ.

Gas trailer

Pipeline

Process Heat

\ 4

Feedstock Industry

fisils,

Power Generation

Residential Heat

—
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Oportunidad de Generacidon de Hidrogeno en Chile

Debido al potencial solar en el norte de Chile, el costo de produccion de 1 Kg. de H2 podria
llegar a aprox. 2 USD. De la misma forma debido a su potencial edlico, la Patagonia seria otro
lugar potencial para la produccion de H2 bajo los 2 USD por kg.

USD/kgH,

B <=16
Bl 16-18
B 18-20
B 20-22
22-24
24 -26
26-28
28-30
30-32
32-34
34-36
B 36-38
B 38-40
.ﬁ : - >40

Fuente: The Future of Hydrogen, IEA.
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Electromovilidad en base a Fuel Cells - FCEV
=0y

Anode I[ Cathode FCEV
Oxvaen Fuel Cell Electric Vehicle
“ 03 F?ngm Alr

‘ Air and Regenarative .
Water Vapour | Braking P

Gas Diffusion Layer Catalyst Catalyst Gas Diffusion Layer

Hydrogen
H; Fuel '.

Ha Recyeling 15

Proton Exchange Membrane

Esquema de funcionamiento de una Celda de Combustible

Celda de Combustible de 15 kW Hyundai Nexo

Picture credits: https://thedriven.io/2018/11/14/the-ice-age-is-over-why-battery-cars-will-beat-hybrids-and-fuel-cells/

\
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https://thedriven.io/2018/11/14/the-ice-age-is-over-why-battery-cars-will-beat-hybrids-and-fuel-cells/

FABRICANTES DE CAMIONES Y MAQUINARIA PESADA YA MUESTRAN PASOS HACIA FCEV

HYLII'IDFII O

&

+.
HYDROGE)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

JOINING FORCES FORM

HYDROGEN-POWERED

Hyundai
Hydrogen Mobility
Partnership with H2Energy

< j CERTARUS

IVECO
POWERCELL

mpany works towards a zero carbon future

¢

VA N
FUSO
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VEHICULOS A CELDA DE COMBUSTIBLE
ESTADO DEL ARTE FC EN AUTOS DE PASAJEROS

Solo unos pocos
fabricantes ofrecen
modelos comerciales

Country

France
Netherland

Norway

Japan
China

Korea

*FCEV: includes cars light-, heavy-duty vehicles,

cars, forklift Source: IPHE

Mercedes, F-CELL 2009 Toyota, Mirai 2014 Hyundai NEXO 2018
Electrical power [kW] 100 Electrical power [kW] 113 Electrical power [kW] 120
Max. torque [Nm] 290 Max. torque [Nm] 335 Max. torque [Nm] 395
Max. speed [km/h] 170 Max. speed [km/h] 179 Max. speed [km/h] 179
Tank [kg @ bar] 3.7 /700 Tank [kg @ bar] 5.0/700 Tank [kg @ bar] 6.3 /700
Nom. range [km] 385 Nom. range [km] 480 Nom. range [km] 756
Empty weight [kg] 1,809 Empty weight [kg] 1,850 Empty weight [kg] 1,889

Table: https://www.idtechex.com/fr/research-article/fuel-cell-electric-vehicles-what-their-future-looks-like/21354

=
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Electromovilidad en Mineria en base a Fuel Cells
Proyecto Corfo Liderado por UTFSM I
i [E-]

UNIVERSIDAD TECNICA
FEDERICO SANTA MARIA

* Mineria, sector estratégico para Chile.

*  Fomentar la electromovilidad en la Mineria Nacional
a través del uso de vehiculos eléctricos en base a
celdas de combustible.

ELECTROMOVILIDAD
FUEL CELLS

* Retrofit de equipos mineros vy vehiculos de
transporte con motor de combustion interna
usados, a celdas de combustible.

* Considera aspectos de normativa, seguridad vy
modelo de negocios

Cargador 966L. Fuente: Cat.com

\
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Reconversion a FCEV de un Cargador Frontal - Analisis técnico y Evaluacion de la Operacion
Topologia de la Adaptacion

Electronic loads —
(Air Conditioner, T
Fuel Cell Stack Heating, etc...) Motor

Converter
DC Bus
Y

ST -

Motor Driver

Hydraulic cylinders

Energy Storage System

] UNIVERSIDAD TECNICA
FEDERICO SANTA MARIA

( ot
'm OS%,. Bucket
n L %m

Hydraulic Bumps

\
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Concepto TCO — Total Cost of Ownership

Aplicado a Camion Clase 8 — Transporte de Carga de larga distancia

Analisis de Caso: Supuestos

Concepto m

Vida util Camion 10 afos

Recorrido Anual 150.000 Km

Autonomia Exigida 800 Km

Precio Asumido H2 en HRS USD 4/Kg @ 2030

Vehiculos Comparados Diesel, BEV, FCEV

Costos O&M, combustibles, emisiones

Fuente: Hydrogen Insights
Hydrogen Council | McKinsey & Co
February 2021

HRS: Hydrogen Refueling Station

~ Fraunhofer
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Concepto TCO — Total Cost of Ownership
Aplicado a camion clase 8 — Transporte de Carga de larga distancia

USD/km
Use case:
Flexible and demanding
17 long-haul transport
under ideal efficiency
conditions
1.5
" ~YooOo™™ | 'OOI“IO;

Diesel ICE
1.1 \ e ——
— Fuel cell
0.9 (FCEV)?
0.7
0.5 L . . ! Fuente: Hydrogen Insights
2020 25 30 35 2040 Hydrogen Council | McKinsey & Co

February 2021

1. Assuming renewable hydrogen, Europa

Conclusion: FCEV seria opcién de menor TCO, para transporte de carga de larga distancia

—
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Estacion de recarga de Hidrogeno en Freiburg -
Alemania

fer
| ZZ Fraunhof er

Hh
— E Soure Wanarmofdnate
i ‘. ~r -~
—

g ®é®®
Investigacion y Demostracion en Fraunhofer ISE (Freiburg) —
Fraunhofer ISE (Freiburg) trabaja en toda la Cadena de Valor del Hidrégeno Verde

Estacion de Recarga de Hidrégeno en Fraunhofer ISE (2012)
e 40 kW, PEM Electrolysis

* PV (16kW,) and Grid electricity

* Public Hydrogen Refuelling Station

e Virtual Tour:

https://www.ise.fraunhofer.de/en/business-areas/hydrogen-technologies-
and-electrical-energy-storage/electrolysis-and-power-to-gas/hydrogen-
infrastructure.html

Our measurement services
for PEM fuel cells,
stacks and systems

\
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https://www.ise.fraunhofer.de/en/business-areas/hydrogen-technologies-and-electrical-energy-storage/electrolysis-and-power-to-gas/hydrogen-infrastructure.html

Despliegue de ‘Hidrolineras’ en Europa

(HRS: Hydrogen Refueling Stations)
-
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HRS Availability Map

with availability data from the E-HRS-AS

Choose H: fuelling option

& 700 bar v O
Map legend A
HRS status

@ Available

Limited availability

Unavailable

Outside opening hours

\4
a Availability unknown
(U

\

700 bar H- for cars not provided

https://h2-map.eu/
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Oportunidad para Chile: Impulsar Clusters de H2

Coordinacion de proyectos de gran escala, con multiples actores.

A :. \‘ \ ‘
* C(Clustering; Sector-coupling 1 A~ e =\ R
"ol ke ' 1. A5
* Articulacion publico-privada : s ) & |7 ' ,l,.
( . P b Hamburg
L 3 S ead 1 Offentiicher
* Vinculacion  entre  investigacion e i 1
industria, Redes de colaboracion Multi- A ' {"Y‘r' P
nivel ey > |
* Levantamiento de fondos oL A S Ttk
ISt q =
) ., . . 40 o C- 6 | Il
* Vinculacion con actores internacionales = - I e »‘,-J;
‘ ) - n;_,:;:_.;-_' ! ) @ |
* Generacion de Competencias vy A ——
Capacidades pem
* Off-takers locales e internacionales
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Muchas Gracias! Fraunhofer

CHILE

LITIO: MIRADA ACTUAL Y DESAFIOS FUTUROS PARA CHILE
Tendencias en Electromovilidad: H2

Verde y Baterias

SEMINARIO IMET CHILE

Marco Vaccarezza | Business Development Manager — Fraunhofer CSET
marco.vaccarezza@fraunhofer.cl

03.12.2021
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