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Desarrollo de las redes eléctricas, necesidades, y el valor del
almacenamiento como palanca del cambio de paradigma.

Los sistemas de almacenamiento son activos de red...

Hypothetical deployment of storage assets across an electric power system

Supply ' W o <

Transmission and distribution y > < ' Fywhee!
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Demand N

Ice storage and hot water
¢ heaters with storage
Underground thermal u | & ‘_’9
eergy storage >

(Coid water torage

Source: modified from ElA (Energy Information Administration) (2012), “Electricity storage: Location, location, location.....and cost”,
Today in Energy, Washington, DC, United States, www.eia.gov/todayinenergy/detail.cfm?id=6910.
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Desarrollo de

las redes eléctricas,

necesidades, y el

almacenamiento como palanca del cambio de paradigma.

... Que hay gue conocer para su mejor gestion...

Electricity sector focus for IEA ECG Implementing Agreements
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Stationary Energy Storage — Potential segmentation
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Distribucion de las diferentes aplicaciones
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Desarrollo de las redes eléctricas, necesidades, y el valor del
almacenamiento como palanca del cambio de paradigma.

... Aportando ventajas importantes...

Grid Frequency Regulation with Fast Storage

G
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Old method to balance constantly shifting load fluctuation is to vary
frequency and periodically adjust generation in response to an 1ISO
signal. Fast storage can respond immediately and is 2x as effective!

Source: DOE, Dr.l.Gyuk

Storage for Renewable Energy Integration: Arbitrage

29 U.S. States have Renewable Portfolio Standards (RPS)
Requiring 10-40% Renewables

On Peak Wind
- the Reality!
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Desarrollo de

... Y que afrontan nuevos retos...

Deployment of electric vehicles and plug-in hybrid electric vehicles

120 -

las redes eléctricas,

necesidades,
almacenamiento como palanca del cambio de paradigma.

y el

Number of Electric Cars Worldwide 1.3 Million
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1. Desarrollo de las redes eléctricas,

necesidades,

y el

almacenamiento como palanca del cambio de paradigma.

Proyectos en el mundo con almacenamiento instalado
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DOE Global Energy Storage Database
Last Updated 16/08/2016 13:25:38
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http .//energystorageexchange.org/projects/data_visualization

Operational w:
Start Date
1905 2020
d D
I Electro-chemical %
- Electro-mechanical
! Hydrogen Storage
. Pumped Hydro Storage
B Thermal Storage i
Rated Power (MW)
329—”325 (Todos) v
& 8 8 & 8 &
Technology Types
Technology Type Projects Rated Power (MW)
Electro-chemical 3279
Pumped Hydro Storage 352 183800
Thermal Storage 206 3622
Electro-mechanical [] 2616
Hydrogen Storage 13 18
Liquid Air Energy Storage 2 5
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2. Tecnologias, retos y apuestas globales.

Scales of power
A
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10 100 1k 10k 100k
Tecnalogia Estado actual
Baterias de plomo Tecnologia comercial madura 9
Baterias de niquel Tecnologia comercial madura 9
NaS - Demostradon a gran escala 8
Baterias de sodio ZEBRA - Demostracion a pequefia escala 6-7
Na-ion - Laboratorio 2-3
Aplicaciones para electronica portétil - Tecnologia comercial 9
Baterias de ion litio Aplicaciones a gran escala - Demostracion 7-8
Materiales avanzados - Laboratorio y pequefios prototipos 2-3
Baterias de litio-azufre Demostracién 5-6
. : Li-aire recargable y Al-aire recargable - Laboratorio 2-3 Clc
Batesizs e vnetal-aice Zn-aire recargable - Prototipo 4-5 energ|
Vanadio - Demostracién 7
Baterias de flujo Zn-Br - Demostracion 5-6 GU N E
Otras 3-4
. iy EDLC - Tecologia comercial temprana 8-9 WWW-CKeﬂerglglme-Com
10 Condensadores elecroguimicos Hibridos - Prototipo 4=5
Pals lider en Eneratién de E.a_tzmes Japén con comEﬁlas lideres encasitodas hs(emoﬂhs (Tabla 15) .
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Tecnologias, retos y apuestas globales.

Y donde no hay una tecnologia ganadora para todas las aplicaciones...
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(*) http://www.mpo

Apoyo Red T&D

Grid Energy Storage Technologies and Applications ¢

UPS T&D Grid Support Energy Management
Frequency & Power Quality Load Shifting Bridging Power Bulk Power Management

Li lon Battery

‘ as Battery
1ced Lead Aci

Discharge Time at Rated Power

weruk.com/grid_storage.htm Svstem Power Rating
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2. Tecnologias, retos y apuestas globales.

A nivel de red Litio Ion parece destacar.. Pero es necesario gestionar 1as

expectativas
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Tecnologias, retos y apuestas globales.

LIB: diferentes tecnologias, diferentes niveles de madurez

G/NMC
G/NCA
G/LFP

G/LMOS
G-SiO/Ni-rich NMC
G-LTO/NMC
LTO/NMC

Si alloy/Ni-rich NMC
Si/HV spinel

= ]
B

+

o]

o

+

o]

o]

13

J Affenzeller EGVIA

Causes of Thermal runaway

Causing or Energizing
internal Events or
Exothermic Reactions

External
Abise Conditions

Main contributing factors
o Poor design Poor infegration @ Poor safety monitoring protecton
@ Poor manufacturing quality © Poor handiing/ storage 'packing conditions

CIC energiGUNE. Informacién confidencial



2. Tecnologias, retos y apuestas globales.

Aspectos clave de /a investigacion

Energy density

Operating Charged state:
conditions Accelerate degradation

Chemistries must improve to satisfy all four criteria




2. Tecnologias, retos y apuestas globales.

EFuropa apostando por VE y redes eléctricas

Future and Emerging Technologies

Northvolt {32 GWh/yr)
TBA, SWEDEN

(Possible location Sweden)

A123
Germany

Nissan (3 GWhiyr)

SUTHERLAND, UK
o it 4

& battery b;odadion

Jaguar Land Rover
BMW & Ford JV
TBA, Europe

BMZ (34 GWhlyr)
KARLSTEIN-GROBWELZHEIM,

GERMANY
o sonal, dod 4

" by 2020
Kreisel Electric

Austria"l

Lithium Project

W Stated Future P

ruction B Current Li Battery Plants

Daimler (2 GWhlyr)
KAMENZ, GERMANY
Operational proposed expansion

Tesla Gigafactory

TBA, EUROPE

EV assembly at Tilburg,
Netherlands, operational and
expanding

Johnson Matthey
POLAND

LG Chem (3 GWhiyr)
NEAR WROCLAW, POLAND
Production, 2019

SAMSUNG SDI (3 GWhlyr)
NEAR BUDAPEST, HUNGARY
Production H2, 2018

SAMSUNG SDI
ZEITLING, AUSTRIA
Operational

FIGURE 2: LOCATION OF PROPOSED GIGAFACTORIES IN EUROPE

http://www.nextminingboom.com/lithium-explorer-plh-intent-catching-much-
bigger-european-peers/
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2. Tecnologias, retos y apuestas globales.

Battery Alliance

EU’s leadership in many sectors of the battery value chain,
from materials to system integration and recycling.

EU Battery Alliance SET-PIan — Key Action 7 (TWG)
Energy storage strategic plan “ Clear definition of requirements for
- €2.2 billion in EU funding —Comprehesive the different automotive and
Roadmap in Febrery 2018 stationary applications.
7 key issues to work in at technological - The R&I activities for 2018-2030
level: | structured around 3 focus areas:
v Anode v Material/Chemistry/Design
v Cathode + Recycling
v Solid state electrolyte v Manufacturing
v Interface optimization and v' Application and Integration
aging
v Advanced modeling |
v Upscaling and Activity at CIC
manufacturing EES Research area

Battery system




2. Tecnologias, retos y apuestas globales.

Tendencias. electrolito solido — linea prototipado

—

£ Li-air battery

DMC: Dimethyl carbonate
EC: Ethylene carbonate
. EMC: Ethyl methyl carbonate

500 Larger
capacity

P Cathode: Olivine, solid solution,
fluoride

400 P Anode: Oxide (SiO, SnO, NoO,, etc)

P Electrolyte solvent: lonic liquid, etc.

300

Weight energy density (Wh/kg)

‘ Li-ion ~
s Wm‘m‘bh/ Wi Linea de prototipado en dispositivo pouch
200} | - ol de 1 Ah - 5 Ah orientada a:
| / v~ Nuevos materiales.
v Proceso 100% integrado en sala seca - adaptable a

1001 P Catfiode: LiCoO;, LiMn,O,., materiales novedosos sensibles a humedad o reactivos a
LI(Ni-Mn-C0)O,, LiFePO,
P Anode: Graphite, Li.Ti.O.: ella. g
B Ak ohet RHVBi B OMCEME v Requerimientos de material minimo: a partir 100-200 m
= v Estudios de procesabilidad y escalabilidad. CiC
oday 2015 2030 ) - eneral
v" Validacion conceptual. g

GUNE
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Coste de /as tecnologias

Coste de inversian por unidad de energla
(€/kWh-recuperado) (Coste/Capacidad/Eficiencia)

§

:

8

—
o

100

1.000 10,000
Coste de Inversion por unidad de potencia (€/kW)

Tecnologias, retos y apuestas globales.

Fuente: Elaboracion propia s panir de os datos compilados durante el trabiajo del GIA

Source GIA
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M0
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T i |« Puampet o (i, -128%)
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3. El litio ahora y en el futuro.

Cost Structure of a Li-ion Battery in 2015

Coste de la celda vs. BP v

Average cost structure of Li-ion cell in 2015

in

M
Overheads  Warranty :;:

3% % /'
Sales & Adm l

Los materiales

Energy, Sl  suponen 40-60% del
i\ ‘ coste de la celda y el

Land cost for cell e
Direct labor /. manufacturing - &%
wctabor / 35-40% del BP
Source: Lux Resaarch
Scraps Other
4w Mmaterialy
12% ; |
. ‘ i J EF
Lithium ion cell average cost =V desian | LMO/NMC cath -
450 400 @ Pack Cost
400 Margin 350
258 Warranty Cell
m Overheads 300 Manufacturing
300 # Sales & Adm 250 m Other Materials
N R&D
g 250 w Energy, utilities £ 200 J .
= ® Direct fabor I Separator
« 200 W Depreciation o 150 +
W Scraps ' u Electrolyte
150 i B
W Others 100 (il .
100 Separator 0 : A g
> i
W Electrolyte i I Aosse
50 —  #mAnode (1) 0 + =+ C' C
= = ‘3 = o Cathode
o MM _lﬁ SCathode ) 83 83 &% energl
2010 2015 2020 2025 2015 2020 2025 GUNE
(1) Active moterials only

Source: AVICENNE ENERGY 2016 * For Production > 100 000 pocks/year w.cicenergigune.com
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3. El litio ahora y en el futuro.

Litio Ion. tendencias de coste por tecnologia

LCO DEMAND: CAGR 2015 2025 +5%
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3. El litio ahora y en el futuro.

Accesibilidad de los materiales

Resources of key battery minerals

Global Resources Versus Demand
(2017)

o Current resources are plentiful encugh 1o
meet future demand for battery uses, and are
being added to with further explocation

Lo
o LOnvering resources Into reserves reguires Cobalt ‘,l
dermanstration of suitebile extraction method
and cost effectiveness Nickel

o Forexample, Ithium reserves
Oy 20% of known resources,
almost 100X 2017 demand

account loe

Dt that s still Graphite

2500

) 765
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grade product outpot, for example low-grade
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« Supply poteatial for lithium and cabalt
curmently not sutficsent to meet demand by
2026 based on capacity buikd-om

* Supply potential Tor graphite and nackel
curmentty suthicient 1o meet domaned by 2026
Dased on copacity build-out

* Bt this depends on
o Projects coming on tme (Hinancng,

permitting, development, commis
el )

o Pricing and incentves
feasibility)

(oCOnomucs and

o Feedstock avilability for cobalt and
mckel sulphate

s e - Wor d Lithium Resources and Reserves in Tons
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El litio ahora y en el futuro.

Accesibilidad de los materiales

Where will the feedstock come from? There is

considerable uncertainty after 2021

* Most feedstock supply will come from existing
ver the next 5

Outlook for cobalt mine supoly (kt Co)
producers o years

* In particular, Glencore (Katanga) and FRG

(tadings) are s&t 1o bring additiona large

sources of supply on-straam in the DRC and

Zambea

o After 2021, additiceal sources of feedstock will
be required

» Further expansions?
A JULH U9 np 1 ]

s Improved recoveey techniques?

SR VITTIoT) Supurecons ATt s s » New mine projects/?

— g o te v Increased artisanal supply?

— (rrranal » Additiona tailngs potential?
» Re-start/produchon at Nt operations?

Roskill + Recycling?
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key concerm, however
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Supply expected to meet demand (for now at least)

but long-term?
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3. El litio ahora y en el futuro.
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El reto de los materiales

Battery chemistries

Poor energy density, moderate power rate,

High-temperature cyclability limited
low cost Lead is toxic but recycling is efficient to 95%
Applications: large-scale, start-up power,

stationary

Source: Armand, M., & Tarascon, J. M. (2008). Building better batteries. Nature,
451(7179), 652-657.

Principales impactos ambientales tecnologias
almacenamiento electroquimico

Tipo Orlgen de rlesgos amblentales
Toxicidad del plomo, pero tasa
Baterlas de pl reciclado elevada (>90%)
., : Toxicidad del cadmio, pero tasa
Bateris de.olaon) de recidado elevada
. No relevantes. Temperaturas
Bateras Ge SOtk elevadas en algunos casos
Bateriasde Reacciones violentas del Li, Tasa
ion litio reciclaje baja (40%)
Riesgo de fugas de liquidos
Baterias de flujo corrading
Bateriasde Presencia Metales muy reactivos;
metal-aire L, Na.,
Condensadores Toxicidad del acetonitrilo comao
electroquimicos disolvente
Source GIA

CIC energiGUNE.
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Wm. F. Sheehan, (1976). Chemistry, 49(3), 17-298
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1. Desarrollo de las redes
eléctricas, necesidades, y el
valor del almacenamiento como

palanca del cambio de
m paradigma.
A i, A 2. Tecnologias, retos y apuestas
i '- globales.

3. Ellitio ahora y en el futuro.

Conclusiones.
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4. Conclusiones.

\

No habra una sola tecnologia ganadora

J
~

Objetivos 2030
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