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Combined cycle

@ Hydro

@ solar photovoltaic

@ nuclear
[ ] Cogeneration

. Coal

[ ] Pumped storage

@ Thermal solar
@ Cas turbine

@ Other renewables
@ Diesel engines

'-' Steam turbine

. Non-renewable waste
'.' Renewable waste

[ ] Hydroeolian
@ Fuel = Cas
=== Total capacity

https://www.ree.es/es/datos/generacion/potencia-instalada?start_date=2022-05- 2
01T00:00&end_date=2022-05-11T23:59&time_trunc=month&systemElectric=nacional
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Country Specific Information

Electricity demand by Autonomous Community and
its variation with respect to the previous year
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Installed power capacity by Autonomous Community
As at 31 December 26821
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Country Specific Information

Electricity demand coverage on the peninsula
2021
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48.4 % share of
renewables in the
overall peninsular
electricity
generation mix

Evolution of renewable and non-renewable
peninsular electricity generation

@ Renewable: hydro, wind, solar photovoltaic, solar thermal, other renewable and renewable waste
@ Non-renewable: nuclear, ceal, fuel/natural gas, combined cycle, cogeneration, non-renewable waste and pumped storage.

https://www.ree.es/sites/default/files/publicat
ion/2022/04/downloadable/avance_ISE_2021

93nd Executive Committee Meeting (XC93) May 19th _EN.pdf




Country Specific Information

Demand coverage in the Balearic Islands
2021

161 %
e o 3.4 % 0.8 %
22 % ﬁ > 7.2 %
0.2 % ~ 41%

e Natural gas turbine Combined cycle e Auxiliary generation Cogeneration e Non-renewable waste
&» Renewable waste & Solar photovoltaic & Spanish Peninsula-Balearic Islands link e Coal e Off-grid diesel generators

Demand coverage in the Canary Islands
Ao 2021 16.2 %

0.3 %

3.2%

Combined cycle a» Hydro a» Wind a» Solar photovoltaic a» Other renewable
a» Off-grid diesel generators e MNatural gas turbine & Steam turbine
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In terms of demand coverage in the electricity generation mix
of the Balearic Islands, the share of coal-fired production
continued to decrease, closing the year at only 0.8% (4.5% in
2020), and combined cycle continued to grow, reaching a share
of 63% (48.8% in 2020).

Regarding the Canary Islands, renewable energy covered 19.9%
of annual demand, the highest value ever registered to date, a
significant value for an isolated electricity system, and that in
March 2021 contributed to covering up to 30.5% of the
generation mix.

https://www.ree.es/sites/default/files/publicat
ion/2022/04/downloadable/avance_ISE_2021
_EN.pdf 6
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EVOLUTION OF RENEWABLE AND NON-RENEWAEBLE GENERATION (%) | ELECTRICITY SYSTEM: National

From 01/2022 to 052022
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National Integrated Plan for Energy and Climate (PNIEC)

= Ecological transition to net-zero

= 74% renewable capacity in electricity generation by 2030 (100% in 2050)
42% of renewable energy by final use by 2030 (32% EU target)

6 GW storage capacity by 2050

Renewable final energy evolution by sector (PNIEC)

| Sector | 2021 | 2030 _|Variation

Electric generation 10208 ktoe 21792 ktoe 113%
Heat pumps 629ktoe 3523 ktoe 460%
Residential 2640ktoe 2876 ktoe 9%
Industry 1596 ktoe 1779ktoe 11%
Transport (biofuels) 2348ktoe 2111ktoe -10%
Agricultural 119ktoe 220ktoe 85%
Other 241ktoe 435ktoe 80%

93nd Executive Committee Meeting (XC93) May 19th 8
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National Energy Storage Strategy based on PNIEC

Allow 74% renewable capacity in electricity generation by 2030 and 100% in 2050

= Technologically neutral
> Thermal storage promoted
* Technological leadership in Spain (Molten salts)
> Electro-chemical storage promoted

35.000

30.000

25.000

* Already commercially present

* Electric vehicle potential 20000
> Green hydrogen promoted 15,000

= Storage as multi-services provider o :I I I
30 GW storage capacity by 2050 :

2015 2020 2030 2035 2040

Installed capacity [MW]

B Daily-weekly storage B Behind-the-meter

B Seasonal storage

93nd Executive Committee Meeting (XC93) May 19th 9
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=

National programs

= Recovery, Transformation and Resilience Plan (PRTR)
> Plan to regulate European funding for resilience after COVID
> 140 000 M€
> 40% dedicated to ecologic transition

> Two funding schemes:
* Regional specific funds for local needs
* Strategic lines at country level (PERTE)
> Several strategic lines: Renewal Energies, green Hydrogen and Storage (PERTE-ERHA)
* 7000 M€
* First grant for R&D innovative Energy Storage (50 M€) closed the 10t May
* lberian Center for R&D in Energy Storage

93nd Executive Committee Meeting (XC93) May 19th 10



RDD Information

National programs
= SolCan, EolCan2 and SolBal2

> Construction and start-up of power
generation installations based on PV and
wind in Spanish islands

> Storage as a bonus
> 20 M€ /54 M€ /20 M€

= R&D instruments by the National
Research Agency (AEl)

93nd Executive Committee Meeting (XC93) May 19th
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Parque de generacién del Escenario Objetivo (MW)

Afo 2015 2020* 2025* 2030*

Eélica (terrestre y maritima) 22.925 28.033 40.633 50.333
Solar fotovoltaica 4.854 9.071 21.713 39.181
Solar termoeléctrica 2.300 2.303 4.803 7.303
Hidraulica 14.104 14.109 14.359 14.609
Bombeo Mixto 2.687 2.687 2.687 2.687
Bombeo Puro 3.337 3.337 4.212 6.837
Biogds 223 211 241 241
Otras renovables 0 0 40 80
Biomasa 677 613 815 1.408
Carbén 11.311 7.897 2.165 0
Ciclo combinado 26.612 26.612 26.612 26.612
Cogeneracion 6.143 5.239 4.373 3.670
Fuel y Fuel/Gas (Territorios No Peninsulares) 3.708 3.708 2.781 1.854
Residuos y otros 893 610 470 341
Nuclear 7.399 7.399 7.399 3.181
Almacenamiento 0 0 500 2.500
Total 107.173 111.829 133.802 160.837

*Los datos de 2020, 2025 y 2030 son estimaciones del Escenario Objetivo del PNIEC.
Fuente: Ministerio para la Transicion Ecoldgica y el Reto Demogradfico, 2019

11



RDD Information

Hidraulica
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» 2 Hidroedlica

[
R & Solar fotovoltaica

RES Solar téermica

Otras renovables

Turbina de vapor
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Conference/Workshop DD Month YYYY

Abr/22
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Parque de generacién del Escenario Objetivo (MW)

Afio 2015 2030*

Eélica (terrestre y maritima) 22.925 50.333
Solar fotovoltaica 4.854 39.181
Solar termoeléctrica 2.300 =3 7.303
Hidraulica 14.104 14.109 14.609
Bombeo Mixto 2.687 2.687 2.687 2.687
Bombeo Puro 3.337 3.337 4.212 6.837
Biogas 223 211 241 241
Otras renovables 0 0 40 80
Biomasa 677 613 815 1.408
Carbén 11.311 7.897 2.165 0
Ciclo combinado 26.612 26.612 26.612 26.612
Cogeneracion 6.143 5.239 4.373 3.670
Fuel y Fuel/Gas (Territorios No Peninsulares) 3.708 3.708 2.781 1.854
Residuos y otros 893 610 470 341
Nuclear 7.399 7.399 7.399 3.181
Almacenamiento 0 0 500 2.500
Total 107.173 111.829 133.802 160.837

*Los datos de 2020, 2025 y 2030 son estimaciones del Escenario Objetivo del PNIEC.
Fuente: Ministerio para la Transicion Ecoldgica y el Reto Demogradfico, 2019
12
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Electrochemical
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Pump (PHS)

Heat pump (PHES)
Adiabatic compressed air (ACAES)
Compressed Air (CAES)
Liquified Air (LAES)
Flywheels
Batteries (Li-ion)

Flow Batteries (V, Zn, Fe, Zn-Br)
Superconducting magnetic (SMES)
Supercapacitor
Power to gas (H2)

Power to X (P2X)

Heat: sensible (molten salts)
Heat: sensible
Heat: latent (PCM)

Heat: thermochemical (TCS)

Energy Capacity

1-100 GWh
500 kWh - 1 GWh
10 MWh - 10 GWh
10 MWh - 10 GWh
10 MWh - 8 GWh
5-10 kWh
<10 MWh
<100 MWh
1-10 kWh
1-5kWh
up to 100 GWh
1 MWh - several GWh
100 MWh - 10 GWh
10 - 50 kWht
50 - 150 kWht
12 - 250 kWht

80%
70 - 75%
>70%
45 - 60%
50 - 100%
85%
86%
70%
> 90%
90%
20 -40%
50%
40 - 60%
50 - 90%
75 -90%
75 -100%

G
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Round-trip Efficiency
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Source: Estrategia de almacenamiento energético
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TECNALIA, IBERRROLA
CIDETEC, lkerlan
University of Oviedo CIC EnergiGUNE, Tekniker -

EDP, ENFASYS” INCAR Cegasa

/ CENER, Alba Renova
TG ——= \/ University of Zaragoza

— BeePlanet
University of Santiago de — HYDRAREDOX IBERIA, IBERSYD, LIFTEC
Compostela 2 University of Lleida,

CARTIF, CIUDEN / University of Barcelona, ICMAB

University of Burgos x Polytechnic University of Catalonia
Carlos Il University of Madrid7 \
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IMDEA, CSIC, INTA, CIEMAT, RMelectronics

Enerfin, IGNIS University of Rovira i Virgili

Naturgy, Ketter Batteries, X-ELI // \ : : :
Endesa, Capital Energy, B5tec CIIAE- ' Jaumg I Umvgrsﬂy, Abervian |
Eléctricas Pitarch Technical University of Valencia
University of Sevill ITE, Esparity Solar
Loyola University po E22, AMPERE ENERGY, HESStec, LOMARTOV

Abengoa, B2Z, Kyoto, : / , , ,
: kemtecnia University of Castilla—La Mancha
EnergyNEST, Virtualmech, PSA CNH2 R h Centres > 20
Magtel, CEN, Rpow, ATA St e
GFM
Universities > 13
Industries > 32

93nd Executive Committee Meeting (XC93) May 19th
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= Specific ES policies
> Law 24/2013 of the electricity sector (General Law that regulates the electricity sector)
> RD 110/2015 on waste electrical and electronic equipment
> RD 244/2019 Technical, administrative and economic regulation for self-consumption
*  Allows storage facilities for self-consumption
> RD 23/2020 Defines the legal figure of owner of storage facilities
> RD 960/2020 Regulation of the economic regime of Renewable Energies

RD 1183/2020 regulates access to storage facilities to the grid
*  Storage facilities as productions plants

Y

*  Allows hybridization of production plants with storage systems (both new and existing)

RD 27/2021 on batteries and accumulators and the environmental management of their waste

RD 6/2022 on the response of the consequences of the Ukrainian war

CNMC Circular 3/2020 establishing the methodology for calculating electricity transmission and distribution tolls

CNMC Circular 1/2021 Establishes methodology and conditions for access and connection to transportation and distribution
networks, including storage facilities in its scope

»> CNMC Resolution of December 11t, 2019, that approves conditions related to grid balance
> CNMC Resolution of December 10t, 2020, that allows the participation of storage in regulation markets

> Spanish Strategy for Science, Technology and Innovation 2021-2027 (EECTI 2021-2027)
93nd Executive Committee Meeting (XC93) May 19th 15

YV V VY VY



Top 3 cases/projects

= CSIC vanadium flow
battery
> Working prototype

* 10 kW
* 20 kWh

> Redox flow battery

> Designed for stationary
uses

> Expected life >20 years

|
2 |

-, qlii- umll

e
J
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Thermal batteries with

molten salt

>

Two-molten salt tank in
CSP plant for
dispatchability
Two-molten salt tanks in
pumped heat electricity
storage

Two-molten salt tanks in
LAES

Gstorage)

|IEA Technology Collaboration Programme

Iberian Center for
Research in Energy
Storage (CIIAE)

> The full cycle of energy
storage, from the raw
materials to its scale-up
and application

> Research:

- Energy storage in the
electricity sector.

- Hydrogen and power to X.

- Thermal energy storage
> Infrastructures:

-Pilot plant with scientific and

technical infrastructure
-Technological incubator

16
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49 CSP plants: 2,300 MW
20 CSP with TES: 6,850

MWhe C— _-___—J—’

New Storage capacity:
11,000 MWhe (+adding 8h
TES in 28 CSP Plants)

Solar field ‘ Back-up System | TES System CHTF System | Power block
— BachupSptEm. | 3 |
L
i
¥
l || .! l |
g
|
I
I

Solar field Back-up System | HTF System | Power block
T
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49 CSP plants: 2,300 MW

20 CSP with TES: 6,850 \ —

New Storage capacity:
11,000 MWhe (+adding 8h
TES in 28 CSP Plants)

Back-up i
| System | VES System/Electricheater | HTF System Power block |
| I .

Solar field

93nd Executive Committee Meeting (XC93) May 19th 18



Top 3 cases/Thermal batteries with molten salt

49 CSP plants: 2,300 MW

20 CSP with TES: 6,850
. MWhe

Barcelonas

Zaragozas

MADRID*

New Storage capacity:
11,000 MWhe (+adding 8h
TES in 28 CSP Plants)

PORTUGAL

isbone
Setubale

Alglerss

coneributors, ® CARTO CARTS®

Ceutar

Oran*

T

118

EEEEEEEEE

-

|
t
4
Back-up
System ‘|

Solar field TES System/Electric heater

iHTF System | Power block |
L
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Input for charging:
variable renewable
electricity

Wind
Generators

Salt Hot

Charging
Electricity in

Warm Tank

At charge pumps heat from coolant
to molten salt tanks for storage

Molten Salt System
270°C
Salt / Air

Air Cycle

280°C 30°C
Air / Air
Recuperator
-67°C
'C

18°

Air / Coolant
HX

Coolant System

-60°C
Coolant Cold
Tank

Air
Cold storage medium
Heat storage medinm

Off-peak electricity

Intermittent renewables

At discharge heat is converted to
power and heat in Brayton cycle

Molten Salt System
565'C 270°C
Salt / Air

HX 260°C

s55°C
Air Cycle
115°C
Discharge Air / Air
Compressol Recuperator
53°C
32'c 125

Heat

r Rejection HX 4}

Air / Coolant
HX

Coolant System

Coolant
Cold Tank

Coolant
Warm Tank

Output:
Dispatchable
power and heat

Discharging
Electricity out

<

Discharging
Process Heat out
25"C

115°C

Heat

Air in

storage

Cold

T R e S W

[N

storage

Alr out

Peak + stable electricity
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Top 3 cases/Thermal batteries with molten salt

PORTUGAL

isbone
Setubals

contributors, © CARTO Ceutar
Oran*

49 CSP plants: 2,300 MW
20 CSP with TES: 6,850
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i
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sun2store project  MIALTA

a \

Input for charging:
variable renewable
electricity

At charge pumps heat from coolant
to molten salt tanks for storage

Alglerss

New Storage capacity:

11,

000 MWhe (+adding 8h
TES in 28 CSP Plants)
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I System ‘|

F 1 i
g Wy
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i
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1
{ { 4 5
Solar field Backup TES System/Electric heater iHTFSystem | Powerblc
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Top 3 cases/lIberian Energy Storage Research Centre(CIIAE )

application

- i P e Maturity level
B —ssmpest (TRL)

= Horizontal research lines:

LH 1. Design, synthesis and characterization of advanced
materials for energy storage at different levels.

LH 2. Multi-scale modeling: atomic and molecular,
advanced control and monitoring, systems and scaling.

LH 3. Analysis of systems, life cycles and techno-
economic and environmental impact.

93nd Executive Committee Meeting (XC93) May 19th

The full cycle of energy storage, from
the raw materials to its scale-up and Fundamental

Ce)nergy
storag
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-
Research
Public Sector
Tecnological
Research
Public - Private c / /A E
Innovation
Corporates
A - T‘ =¢!"= GORBING ESPARNA
gd  Financiade por ki Unién Europea Flan de Recuperaciin, Ei@z SRS PUEDE,.~
MexnGanaratisnELl Transtormackin y Resillencla !

Expediente finmncigde por el Mecanismo de Recuperacidn y Resifencia.

= Verticals research lines:

LV 1. Energy storage in the electricity
sector.

LV 2. Hydrogen and power to X.

LV 3. Thermal energy storage

21
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The full cycle of energy storage, from

the raw materials to its scale-up and Fundamental

application Research
Public Sector
Tecnological
Research

Public - Private

ClIAE

= e i Innovation
- /, = Maturity level novat
g \./_’_.‘; (TRL) orporates T W
- - - g I_.l"" GORELNG ESPARNA
{ Financiade por la UniGn Europea Plan de Recuperacion, E‘ﬂ::‘ SRS PUEDE, .~
MaxpGanaratienELl Transtarmackin y Rosiliancla 4

Expediente finmncigde por el Mecanismo de Recuperacidn y Resifencia.

= Advanced materials to improve the
performance of current batteries. New
applications that provide functionality to

= Horizontal research lines: network operators.

= Verticals research lines:

LH 1. Design, synthesis and characterization of advanced : - *  Battery degradation to improve their cycles
. . LV 1. Energy storage in the electricit and life times for the development of
terials for energy storage at different levels. h - -
ma sector. reliable and profitable products, as well as
. . . their possible recycling.
LH 2. Multi-scale modeling: atomic and molecular, LV 2. Hydrogen and power to X.

= Materials and nanotechnology applications

LV 3. Thermal energy storage to increase the energy density, insulation,

LH 3. Analysis of systems, life cycles and techno- resistance to high temperatures and
reduction of costs of the supercapacitors.

economic and environmental impact. Applications in the energy storage markets.

advanced control and monitoring, systems and scaling.

93nd Executive Committee Meeting (XC93) May 19th = Components testing in Large Scale (MW)22
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The full cycle of energy storage, from
the raw materials to its scale-up and Fundamental
application Research
Public Sector
Tecnological
Research
Public - Private c//A E
:“";-/ et . .
all e ‘ Maturity level Innovation
A=y _ /’ 7 (TRyL) Corporates
— : - T‘ ﬁ?ﬁ, some | ESPANA
y Financiade por la Unian Europea Flan de Recuperaciin, : _: SRS PUEDE. .~
MaxpGanaratienELl Transtormackin y Resillencla
Expediente finmncigde por el Mecanismo de Recuperacidn y Resifencia.
= Horizontal research lines: *  Electrochemical materials and processes
’ = Verticals research lines: for production of green hydrogen.
LH 1. Design, synthesis and characterization of advanced = Materials and processes for hydrogen

LV 1. Energy storage in the electricity

storage and transportation.
sector.

materials for energy storage at different levels.

Iti | deling: . q | | = Conversion to fuels and chemicals by
LH 2. Multi-scale modeling: atomic and molecular, LV 2. Hydrogen and power to X. ) integrating CO2 with hydrogen.

advanced control and monitoring, systems and scaling.
LV 3. Thermal energy storage *  High pressure electrolysis.

LH 3. An.aly5|s of systems, life (?ycles and techno- - Components testing in Large Scale
economic and environmental impact. (MW).
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.
The full cycle of energy storage, from
the raw materials to its scale-up and Fundamental
application Research
Public Sector
Tecnological
Research
Public - Private
2 P i , | CIIAE
e —— Maturity level Innovation
e o Corporates
- (TRL) = ,
. : T @, _
_ . sl S | Eaes
Financlade por la UniGn Europea Plan de Recuperackon, L e

MaxpGanaratienELl Transtarmackin y Rosiliancla

Expediente finmncigde por el Mecanismo de Recuperacidn y Resifencia.

= Horizontal research lines: « Verticals research lines:

LH 1. Design, synthesis and characterization of advanced

i ) LV 1. Energy storage in the electricity * Phase change materials (PCM). Design
materials for energy storage at different levels. sector. and modification of PCMs, improvement
) _ _ of thermophysical properties, including
LH 2. Multi-scale modeling: atomic and molecular, LV 2. Hydrogen and power to X. heat transfer, encapsulation and
stabilization.

advanced control and monitoring, systems and scaling.
LV 3. Thermal energy storage —
= Materials and integration of thermal

LH 3. Analysis of systems, life cycles and techno- energy storage systems (TES) and cold

economic and environmental impact. thermal energy storage (cold TES) in

rption lin ms.
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|-II‘| Plataforma Tecnoldgica y de Innovacion Espaiola de AlImacenamiento de Energia

BATTERYPLAT https://www.batteryplat.com/

Asociacion espainola de almacenamiento de energia

NASEALEN

https://www.asealen.es/

’II Asociacion Empresarial de Pilas, Baterias y Almacenamiento Energético

https://aepibal.org/
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