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Energia edlica y fotovoltaica en el centro de la

Reduccidn de costo en periodo  Participacion de las energias
2010 - 2019 renovables en el mix de

generacion

« La energia edlicay
fotovoltaica son
fuentes de energia
variables e inciertas;
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« Elreto hoy: integrar
energia edlicay

fotovoltaica de

f f manera masiva al
menos costo para el
sistema.

* La flexibilidad del
sistema de energia es
clave.
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TECNOLOGIAS FACILITADORAS

IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to integrate variable renewables



El panorama de innovacion para la transformacion del sector =
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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

72}
o
2

=
pur
e
v
w
b
m
<
P

2
@A
w
-3
<
[+
<
a
z
w
=
>
7}
w
-3

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



La transformacion del sector eléctrico
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« La electrificacion de los » El creciente despliegue de
sectores de uso final es una recursos energeéticos
solucion emergente para distribuidos (DER) convierte al
mantener el valor y evitar la consumidor en un
reduccion de ERV, y ayudar a participante activo,

descarbonizar otros sectores. fomentando la gestion del
lado de la demanda.

« Las fecnologias digitales
permiten una respuesta mas
rdpida, una mejor gestion de
los activos, la conexién de
dispositivos, la recopilacién
de datos, el seguimiento y el
control

Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to integrate variable renewables



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
energético actual energético futuro
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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
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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
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DE FLEXIBILIDAD

LADO DE LA DEMANDA
SOLUCIONES DE FLEXIBILIDAD

Agregando recursos energeticos
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 distribucion con recursos

AanarcicaEicac AieEribsi iird e

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 1:
Disminuir la incertidumbre en la generacidon de

energia renovable variable con pronosticos
meteoroldgicos avanzados




Solution 1
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Decreasing VRE generation uncertainty with advanced weather forecast

Enabling technologies
* Internet of things e
% Artificial intelligence and big data ) o

Market design .

» Increasing time granularity Q
in electricity markets

* Increasing space granularity Q . .
in electricity markets

a4 N :

System operation D ec; -easmg VI:E. .

* Advanced forecasting of variable Q generc?t l;on duncer ;ln 4
renewable power generation drknkk g

J weather forecasting



Digital technologies in the energy transition

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
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1. ‘Internet of Things’ - applications for RE power systems
>> DATA COLLECT’ON AND TRANSFER International Renewable Energy Agency

At System Level
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Source: IRENA (2019), Innovation landscape brief: Internet of Things



2. ‘Artificial Intelligence’ - applications

>> DECISION MAKING

for RE power systems e | oEN A,

International Renewable Energy Agency
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GENERATION TRANSMISSION DISTRIBUTION CONSUMPTION
ffzﬁx‘: :_,,--3-‘ )
Improved wind and 7 Maintain grid stability 7 Improved
solar generation forecast ‘ and reliability demand forecast
4

Efficient demand-side
management

i

Optimised energy storage operation

t

Optimised market design and operation

Source: IRENA (2019), Innovation landscape brief: Artificial intelligence and big data

18



System operation: Advanced forecasting of VRE

NUMERICAL WEATHER FORECAST MODELS — ARTIFICIAL INTELLIGENCE

BT Al E Tf:::g&T;lchEE;?r!fg ’ 22l E GENERATION E
FORECAST — —> FORECAST — '
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[ BIG DATA (jiected with
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Advanced forecasting of VRE: applications
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4+) BENEFITS OF

WEATHER

FORECASTING

Short-term forecasting

Long-term forecasting

CENTRALISED

FORECASTING DECENTRALISED FORECASTING

For system operators

Improved network management
and system balancing

Reserve planning and

operation management Efficient placement of

Planning for extreme renewable plants

weather events

Time Horizon

5-60 min ahead of
real time

1-6 hours ahead of
real time

Day(s) ahead of real time

For renewable generators

Advantages for intraday and
day-ahead electricity market trading

Methods

Statisticala, persistenceb

Blend of statistical and
NWP models

NWP with corrections for
systematic biasesc

OB IRENA

intematencl Ranawitle Ever

ADVANCED FORECASTING
OF VARIABLE
RENEWABLE POWER
GENERATION

INNOVATION LANDSCAPE BRIEF

Key Applications

Regulation, real-time dispatch,
trading, market clearing

Scheduling, load following,
congestion management

- Scheduling, reserve requirement,
- trading, congestion management :

Week(s), seasonal, 1 year or%

more ahead of real time

Climatological forecasts,
NWP

Resource investment planning

-(generation, network), contingency

analysis, maintenance planning,
operation management




Advanced forecasting of VRE: implemented solutions iematonal Renewcbie Eneray Agency

Artificial intelligence can improve

1, 88094, 11 30,
éLO_T_ ACCURAﬁY inrenewabl/epower i IMPROVEM(:ENTin accuracy

generation forecast for solar irradiation forecasting

Germany is using advanced weather forecasting to reach its renewable energy target. Solar radiation data are
calculated every 15 minutes, enabling the system operators to better estimate if they need additional resources to
maintain grid stability.

Australia invests USD 5.6 million in advanced wind and solar forecasting to improve decisions made on spot markets,
improving 5-minute forecast with 1 square kilometre (km?2) precision, compared with traditional global weather forecasts,
which operate at 16 km? spatial resolution

A study from California Energy Commision indicates potential savings of USD 2 million yearly with improved solar and

load forecasting.



Summary: Cost and Benefits

...............................................................................................................................................................................................................................................

SUMMARY TABLE: BENEFITS AND COSTS OF DECREASING VRE UNCERTAINTY THROUGH
ADVANCED WEATHER FORECASTING

Decreasing VRE generation uncertainty

ZI(EYENABLw with advanced weather forecasting mas Moderats High Very high

12| Regulatory incentives for accurate variable /i BENEFIT
: renewable energy (VRE) forecasting ..

Open source systems for weather data Potential increase in system flexibility __
£z==\ collection and sharing e 2
_ Flexibility needs addressed from minutes to weeks
() . .
A Advanced meteorological devices
COST and COMPLEXITY
Technology and infrastructure costs I

Required changes in the regulation framework I

regulation can incentivise this

solution, e.g., providing VRE

balance responsibility would
improve their forecast

Required changes in the role of actors I

Other challenges « availability of historical weather data for small players
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Next Session
Solucion 2:

Generacion flexible para acomodar
variabilidad
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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
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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

& IRENA

Ollqu S I e CII.U rq S International Renewable Energy Agency

OB IRENA

TEIRENA SBIRENA TBIRENA TERENA A TRIRENA TRIRENA

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

O IRENA OGIRENA SBIRENA | TGIRENA | OBIRENA SEIRENA [ OEIRENA SBIRENA
- -TO-| ENERGY AS A SERVICE AGGREGATORS INCREASING TIME INCREASING SPACE INNOVATIVE REDESIGNING
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.
INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF ELECTRICITY MARKETS ELECTRICITY MARKETS INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF

INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF

[ /S\‘

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

INNOVATIVE
VIRTUAL POWER LINES OPERATION OF DYNAMIC LINE RATING TIME-OF-USE TARIFFS MARKET INTEGRATION NET BILLING SCHEMES FUTURE ROLE OF CO-OPERATION BETWEEN ADVANCED FORECASTING RENEWABLE
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



https://www.irena.org/publications/2019/Feb/Innovation-landscape-for-a-renewable-powered-future

Intfernational Renewable Energy Agency

Graciasl!

Fooshell@irena.org
Aanisie@irenqa.org

www.irena.org E www.instagram.com/irenaimages

g www.twitter.com/irena m www.flickr.com/photos/irenaimages

n www.facebook.com/irena.org www.youtube.com/user/irenaorg


mailto:Aanisie@irena.org
mailto:Eocenic@irena.org

