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El panorama de innovacion para la transformacion del sector =
e I é Clllric o International Renewable Energy Agency
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PANORAMA DE LA INNOVACION
PARA UN FUTURO IMPULSADO
POR LAS ENERGIAS RENOVABLES: -

SOLUCIONES PARA INTEGRAR LAS
ENERGIAS RENOVABLES VARIABLES

V) TECNOLOGIAS FACILITADORAS @ MODELOS DE NEGOCIO ® DISENO DE MERCADOS 4

1 Baterias a gran escala 12  Agregadores ("Aggregators") 17  Aumentar la granularidad temporal 25  Rol futuro de los operadores de

2 Baterias detras del contador 13 Comercio de la electricidad en mercados eléctricos sistemas de distribucion
(“Behind the Meter”, BtM) "Peer2Peer” 18  Aumentar la granularidad espacial 26  Cooperacion entre operadores

3 Carga inteligente de vehiculos 14  Laenergia como servicio en mercados eléctricos de los sistemas de transmision
eléctricos (VE) 15  Modelos de propiedad 19  Servicios complementarios y distribucion

4 Conversion de energia renovable a comunitaria innovadores 27  Pronostico avanzado de

20 Redisenar los mercados

calor (Renewable power-to-heat) 16  Modelo de pago por uso generacion de energia renovable
5 Conversion de energia renovable a ("Pay-as-you-go") de capacidad variable
hidrogeno (Power-to-hydrogen) 21 Mercados regionales 28 Operacion innovadora de
renovable 22  Tarifas por tiempo de uso almacenamiento hidraulico por
23  Participacion de los recursos bombeo

6 Internet de las Cosas
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energéticos distribuidos (DER) en 29

Inteligencia artificial Lineas virtuales de electricidad

los mercados mayoristas 30

y "Big Data” Uso dinamico de lineas eléctricas

24  Esquemas de facturacion neta

Innovation Landscape Report
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"Blockchain” (Dynamic Line Rating)

9 Mini red renovable

10  Super redes

n Flexibilidad de las centrales

eléctricas convencionales



Nuevas opciones de flexibilidad en el sector eléctrico
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desbloqueadas por la innovacion emetonal REnSeibie EefgY AGETICY
Proveedores de flexibilidad Proveedores de flexibilidad
en el sistema en el sistema
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Oferta Redes Demanda Oferta Redes DER

Recursos energéticos
distribuidos

Fuentes de flexibilidad: generacion flexible;
Fuentes de flexibilidad: generacion flexible Interconexiones y mercados regionales; Respuesta de
la demanda; Aimacenamiento; Poder a X



Soluciones para flexibilizar el sistema eléctrico

SOLUCIONES

-

LADO DE LA GENERACION
SOLUCIONES DE FLEXIBILIDAD

Disminuir la incertidumbre
de la generacion de EVR con
pronosticos meteorologicos

avanzados

Generacion flexible para acomodar

variabilidad

/
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RED
SOLUCIONES DE FLEXIBILIDAD

Interconexiones y mercados
regionales como proveedores de
flexibilidad

Balancear la generacion de ER y la
demanda a lo largo de grandes

distancias con super redes

Almacenamiento a gran escala y
nueva operacion de la red para
post-poner las inversiones en

refuerzos de la red

Vi

Vil

Vil

IX
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DE FLEXIBILIDAD

LADO DE LA DEMANDA
SOLUCIONES DE FLEXIBILIDAD

Agregando recursos energéticos
distribuidos para proveer

servicios de red

Gestion de la demanda

Mini redes de ER proveyendo

servicios a la red principal

Optimizar la operacion del sistema
de distribucién con recursos

eneraéticos distribuidos

ALMACENAMIENTO EN TODO
EL SISTEMA
SOLUCIONES DE FLEXIBILIDAD

X Soluciones de baterias a gran

escala

Xl Soluciones con conversion de
electricidad a otras formas de

energia (Power-to-X)
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Solucion 2:

Generacion flexible para acomodar la
variabilidad




Solution 2
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Solucion 2: Generacion flexible para acomodar variabilidad

Enabling technologies

«  Flexibility in conventional power plants 0
+ Internet of things e

« Artificial intelligence and big data

»  Blockchain

Market design .

@
0o
* Increasing time granularity 0 . .
(19
20/

in electricity markets
* Innovative ancillary services

« Re-designing capacity markets - ;
JningEapea; Flexible generation

to accommodate

System operation variability

* Innovative operation of pumped (23]
hydropower storage (if aplicable)



Tecnologias digitales en la transicion energética

IRENA
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INTERNET OF THINGS

INNOVATION LANDSCAPE BRIEF

DATA GENERATION

Vast amounts of granular data
captured with a network of
smart devices that have
sensors and can act

IRENA (2019), Blockchain: Innovation Landscape Brief
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DECISION-MAKING

Automated data analysis,
learning and decision making
done by software
and smart devices

DEPLOYING RENEWABLES

INCREASES POWER
SECTOR COMPLEXITY
AND THE NEED
FOR FLEXIBILITY.
NEW TOOLS ARE
REQUIRED TO OPTMISE
THE SYSTEM.

LD
TRANSACTIONS

Open and secure management
of data and automatisation
of contract execution
via smart contracts

GO IRENA

ol Renenicible Enrgy Agency

ARTIFICIAL INTELLIGENCE
AND BIG DATA

INNOVATION LANDSCAPE BRIEF

OBIRENA

BLOCKCHAIN

INNOVATION LANDSCAPE BRIEF




Flexibilidad en plantas convencionales

Menor tiempo de « With shorter start-up times, the plant can quickly reach full load.
puesta en marchay * Rapid start-up significantly improves the operational flexibility of a plant.

menores costes de - Costs associated with the start-ups include more frequent maintenance Reduc_ed VRE
puesta en marcha and additional fuel consumption. curtailment

- < + Operating thermal plants at lower loads increases the bandwith of
Carga minima mas their operation, increasing flexibility.

bajay efIC|en(.:|a de * Most thermal power plants experience a drastic reduction in their fuel
carga parcial eficiency at low loads, and therefore improving this is an important
mejorada element of increasing flexibility.

Greater
system flexibility

* The rate at witch a plant can change its net power during operation : , :
is defined as the ramp rate. With higher ramp rates, the plant can - China: Flexible thermal plant operation resulted
quickly alter its production in line with system needs. in a 30% reduction in VRE curtailment

= India: Reducing minimum generation levels for
thermal plants from 70% to 55% has reduced VRE

Mayor tasa de

curtailment from 3.5% to 1.4%

* Reducing the minimum time that the plant must be kept running :
after start-up, or remain closed after shutdown, allows a plant to - Germany: Refurbishment of a coal power plant

Menor tiempo de

actividad react more rapidy. reduced minimum load by 170 MW and increased
ramp rate by 10 MW per minute

10
IRENA (2019), Blockchain: Innovation Landscape Brief



Flexibilidad en el almacenamiento de energia hidroeléctrica
p o r b o m b e o International Renewable Energy Agency

Figure1 Growth in PHS installed capacity by 2050

@ | 161 GW | 300 GW @ IRENA
o 42018 2030 B
PHS total installed capacity INNOVATIVE

OPERATION OF

STORAGE

INNOVATION LANDSCAPE BRIEF

VRE with PHS as
storage on site

e PUMPED HYDROPOWER

: : Example: Wind or solar
E PHS PV system installed in the
+ schemes proximity f a PHS facility

—>!  Coupled schemes : VRE technologies
PHS + VRE ; integrated into PHS
—> facilities

. . Example: Floating solar PV
E : installed in PHS reservoir :

11

IRENA (2019), Blockchain: Innovation Landscape Brief



Flexibilidad en el almacenamiento de energia hidroeléctrica
por bombeo
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Services provided
through innovative
operation of PHS

Coupled !
%
PHS+VRE |

Frequency regulation
=T
|_ Fast and flexible ramping

Black start ____________________
: Capacity fir.r;l-i-n.g-; ----------------- 1

MNote: PHS = pumped hydropower storage; RE = renewable energy; VRE = variable renewable energy.

3 May 2018

Address the excess PV output

(10 MW] M during daytime by pumping water up
(max. of 8 pump-turbines running in
1200+ parallel) and controlling/stopping
thermal plants operation
1000 Pumped-Storage \
= power generation /y 7 /
= D Pumping
s emand ’
< 800 water up
E |
5
PV output
E 600 6210 MW
E (81% of the demand)
g !
2 400
o

200 Baseload

power
sources

Power supply and demand balance from Kyushu, Japan

Address lower PV output in evening
hours by stopping water pumping and
starting generating with the hydro plant,
while also increasing output of

thermal plants

R

12



Flexibilidad en el aimacenamiento de energia hidroeléctrica IRENA
p o r b o m b e o International Renewable Energy Agency

P—— . — R
—)i Load shifting and reduction of renewables curtailment
@ —)| Frequency regulation
T T ’ Jome b L | Gorona del Viento wind-PHS hybrid power Plant, Spain
through innovative | | — ————=n=nnmmnmmmmmmm————————————e e ?
operation of PHS i — 5 September 2018
N | Black start 12
Coupled - :
—PHS+VRE Capacity firming

Mote: PHS = pumped hydropower storage; RE = renewable energy; VRE = variable renewable energy.
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I Wind Energy Generation I Hydropower Pumping Il Hydropower Generation = Actual Demand

Based on data from Red Eléctrica de Espafa.



Establecer marcos regulatorios que incentiven y remuneren
Ia fIEXibiIidad es CIave International Renewable Energy Agency

Solucion 2: Generacion flexible para acomodar variabilidad

Enabling technologies

«  Flexibility in conventional power plants 0
+ Internet of things e

« Artificial intelligence and big data

»  Blockchain

@
0o
(Market design \ .
* Increasing time granularity 0 . .
(19
20/

in electricity markets
* Innovative ancillary services

« Re-designing capacity markets - ;
g Ining capadty J Flexible generation

to accommodate
variability

System operation

* Innovative operation of pumped (23]
hydropower storage (if aplicable)



Aumentar la granularidad temporal en mercados eléctricos

The value of flexibility can be internalised in the market price by reducing:

» the market time units (the duration of dispatch)
* the time span between trading gate closure and physical
real-time delivery of power (the lead time).

— Reducir los requisitos

Aumenta la flexibilidad Bl
en la operacion del
sistema . . .
Ly Permite integrar mas
Aumentar la ERV en la red
granularidad temporal
resulta en mejores
sefales de precios
Optimiza la Incentivar inversiones
planificacion de la en generadores
capacidad flexibles

INCREASING TIME
GRANULARITY IN
ELECTRICITY MARKETS

INNOVATION LANDSCAPE BRIEF

Shorter market time units are explored in

California (United States), Brazil, Germany and
other European markets.

Shorter lead times are proposed in Australia,
the Nordic power market in Europe (reduced to
15 minutes), Austria, Belgium and Germany
(reduced to 5 minutes).

15



Servicios complementarios innovadores:

nuevos servicios y nuevos participantes del mercado

International Renewable Energy Agency

Mayor flexibilidad a
través de servicios

complementarios
innovadores

Nuevos servicios
complementarios

Nuevos participantes
del mercado que
prestan servicios
complementarios

—p

—

—h

Productos de rampa

Respuesta de
frecuencia rapida
por baterias

Turbinas edlicas
ofrecen respuesta
inercial

Fotovoltaicas y
baterias ofrecen
soporte de voltaje

Recursos energéticos

distribuidos ofrecen

control de frecuencia
y voltaje

OB IRENA

INNOVATIVE
ANCILLARY SERVICES

INNOVATION LANDSCAPE BRIEF

Definicidon de productos basados en el
rendimiento

Separacion entre productos de capacidad y
productos de energia

Separacion entre productos de equilibrio
hacia arriba y hacia abajo

16



Servicios complementarios innovadores — servicios

International Renewable Energy Agency

Regulacion La respuesta de frecuencia rapida es un nuevo producto disefiado

de frecuencia para remunerar la provision de una respuesta rapida. Las baterias son
excelentes proveedores de tales servicios, creando la posibilidad de
fuentes de ingresos adicionales para los operadores / propietarios de

@ Batteries can provide ancillary services in Australia,

Belgium, Germany, Netherlands, UK and USA

baterias.
* Las turbinas edlicas pueden proporcionar una respuesta inercial a Wind power generators can provide balancing
traves de convertidores electronicos de potencia. services in nine European countries

* Las instalaciones fotovoltaicas (PV) y las baterias pueden también
proporcionan una respuesta inercial sintética si el inversor esta
programado para esto. Sin embargo, esto puede que no sea el mejor
uso para ellos.

* Silaregulacion lo permite, los DER pueden brindar este servicio.

Soporte de ibili i
P . * Photovotaica y baterias pueden ofrecer control de voltaje con ALl mar.kets emer.ge D Ul
voltaje otencia reactiva a través de inversores and UK, where ancillary services are procured

p by the DSOs
Nuevos .

Productos de rampa: Recursos de aceleracion rapida que pueden

productos responder a grandes variaciones de carga en poco tiempo. A US .
system operator uses separated rampin
Este producto remunera e incentiva la flexibilidad. 111 y P P pIng

products to help the system meet ramping needs




Redisenar los mercados de capacidad para garantizar una sistema

flexible en el futuro

International Renewable Energy Agency

Power systems need a mechanism to ensure
generation adequacy and security of supply. Capacity markets serve this purpose.

OB IRENA

REDESIGNING
CAPACITY MARKETS

INNOVATION LANDSCAPE BRIEF

Redisenar los mercados de
capacidad

Aumentar la flexibilidad en los

Permitir la participacion de sistemas futuros al:
fuentes de ERV ¢ Introduccion de requisitos de
flexibilidad
(Adoptar una metodologia clara e Permitir la participacion de la
para definir el crédito de respuesta de demanda, de
capacidad de los recursos de ERV) B almacenamiento de energiay las
interconexiones

* Under the French capacity mechanism,
consumers with flexible loads can opt to
provide demand response.

* In Alberta, Canada, the capacity markets
require all participants fo submit the ramping
capability.

* In the single electricity market of Ireland and
United Kingdom, interconnectors, renewable
energy sources and demand response are
allowed to parficipate in capacity markets.

18



Resumen: Costos y Beneficios

International Renewable Energy Agency

Solucion 2: Generacion flexible para acomodar variabilidad

$

usD 262
MILLION

SAVINGS by
introduci

a new ancillary
service product

70«

Procurement
COSTS SAVINGS
for TSOs

200«

INCREASE in VRE

due to new players -

providing ancillary
services

]

Flexible generation to
accommodate variability

/ BENEFIT
ailll

Potential increase in system flexibility

Flexibility needs addressed

from seconds to hours

1 (5)) COST and COMPLEXITY

Technology and infrastructure costs - I
refurbishment of thermal plants

Required changes in the regulation framework - s

Required changes in the role of actors D

Other challenges

« Effective flexible generation needs improved modelling tools
to account for flexibility related parameters such as ramps,
turndown ratio, start-up time, and simulations will need lower
time resolution to capture variability.




International Renewable Energy Agency

Otras lecturas




Otras lecturas
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IRENA (2019), Innovation Landscape for a
renewable-powered future: Solutions to
integrate variable renewables: Link

IRENA (2019), Innovation Landscape Briefs:
v' Market design briefs: Link
v Enabling technologies: Link
v' Business models: Link
v' System operation: Link

IRENA Innovation Toolbox: Link

IRENA (2020), Innovative solutions for 100%
renewable power in Sweden: Link

S® IRENA

INNOVATION LANDSCAPE FOR A
RENEWABLE-POWERED FUTURE:

SOLUTIONS TO INTEGRATE
VARIABLE RENEWABLES

TBIRENA

NNOVATIVE
SOLUTIONS FOR
100% RENEWABLE
POWER IN SWEDEN
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https://www.irena.org/publications/2019/Feb/Innovation-landscape-for-a-renewable-powered-future
https://www.irena.org/publications/2019/Jun/Market-Design-Innovation-Landscape-briefs
https://www.irena.org/publications/2019/Sep/Enabling-Technologies
https://www.irena.org/publications/2020/Jul/Business-Models-Innovation-Landscape-briefs
https://www.irena.org/publications/2020/Jul/System-Operation-Innovation-Landscape-briefs
https://www.irena.org/innovation/Toolbox
https://irena.org/publications/2020/Jan/Innovative-solutions-for-100-percent-renewable-power-in-Sweden
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INTERNET OF THINGS ARTIFICIAL INTELLIGENCE RENEWABLE

FLEXIBILITY IN
UTILITY-SCALE BATTERIES BEHIND-THE-METER ELECTRIC-VEHICLE RENEWABLE MINI-GRIDS OCKCHAIN SUPERGRIDS CONVENTIONAL POW|
INNOVATION LANDSCAPE BRIEF BATTERIES SMART CHARGING INNOVATION LANOSCAPE BRiEF B INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF AND BIG DATA mz“:‘;‘m uu? m POWER-TO-HYDROGEN
INNOVATION LANDSCAPE BRIEF MSROUKTION EANDSEARE Bl INNOVATION LANDSCAPE BRIEF A INNOVATION LANDSCAPE BRIEF
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owu:nsclﬁ'm%‘gfs El.scmpczrfe %ﬁﬁeﬂ PAY-AS-YOU-GO MODELS INNOVATION LANDSCAP BRIEF INNOVATION LANDSCAPE BRIEF GRANULARITY IN GRANULARITY IN ANCILLARY SERVICES CAPACITY MARKETS REGIONAL MARKETS.
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INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF

[ /S\‘

OBIRENA OoiRENA 00020 OskeNA Ny SSRW GOBIRENA OBIRENA BBIRENA OBIRENA BBIRENA OBIRENA

INNOVATIVE
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INNOVATION LANDSCAPE BRIEF PUMPED HYDROPOWER INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF OF DISTRIBUTED INNOVATION LANDSCAPE BRIEF DISTRIBUTION SYSTEM TRANSMISSION AND OF VARIABLE POWER-TO-HEAT
STORAGE ENERGY RESOURCES OPERATORS DISTRIBUTION SYSTEM RENEWABLE POWER INNOVATION LANDSCAPE BRIEF
INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF OPERATORS GENERATION

INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF

https://www.irena.org/publications/20192/Feb/Innovation-landscape-for-a-renewable-powered-future
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Servicios complementarios innovadores: nuevos servicios y nuevos

participantes del mercado

International Renewable Energy Agency

VREs are able to participate inthe : -
existing ancillary service markets

New ancillary service products have : ¢
been designed for VRE integration

Wind power generators are allowed to provide balancing services in
Belgium, Denmark, Estonia, Finland, the Netherlands, Poland, Spain,
Sweden, and the United Kingdom.

In Chile, the first pilot was implemented to enable a PV power plant to
provide ancillary service to the utility grid and ensure grid stability.

In the United Kingdom, a new product was introduced for battery
storage: enhanced frequency response.
Ramping products introduced in the United States.

EirGrid, the Irish TSO, has defined several additional system service
products to cope with wind energy fluctuations.

PJM Interconnection, a system operator in the United States, has
developed different frequency regulation products for slower
conventional resources and for faster battery storage ones.

Battery storage can participate in .
ancillary service markets

Australia, Belgium, Germany, the Netherlands, the United Kingdom,
and the United States.

Reforms are made to ongoing ancillary : *
service market or balancing market

The EU-wide development and implementation of network codes for
balancing markets and system operation, including the procurement of
ancillary services by TSOs (applicable in all EU member states).

In Denmark, wind turbine operators now face charges for incorrect
forecasts, the same way as conventional generators.

In the United Kingdom, recent reforms have increased charges in
general for incorrect forecasts and rewarded generators and suppliers
that can plug these gaps.

24



