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Wind and PV at the core of the energy transition
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Onshore Wind and Solar PV electricity
shares in the generation mix
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Wind and PV are variable energy sources —
addressing variability is crucial for high deployment.

Today's challenge - integrating high shares of wind
and PV in power systems.

Power-system flexibility is key to the cost-effective
use of renewables.

Increased
system flexibility

Reduced total
system cost

Higher solar
and wind share




Three innovation frends
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Innovation unlocks flexibility across whole power system O lIKEIN
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Flexibility sources: Flexible generation; Regional
interconnections and markets; Demand response;

Flexibility sources: Flexible generation
Storage; Power to X




Systemic innovation for RE integration
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@ IRENA

INNOVATION LANDSCAPE FOR A
RENEWABLE-POWERED FUTURE:

SOLUTIONS TO INTEGRATE
VARIABLE RENEWABLES

Innovation Landscape Report

@ ENABLING TECHNOLOGIES
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Utiity-scale batteries
Eehind-the-meter
patteries

Electric-wehicle
smartcharging
rRenewable
power-to-heat
Renewable
power-to-ydrogen

internet of things
Artificial imelligence
and big data
Blockchain

Renewable mar-grds
Supergrids

Flexibiity in conventional
power plants
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AQoregators
Peer-to-peer electricity
trading
Energy-as-a-service

Community-ownership

models
Pay-as-you-go models
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@ MARKET DESIGN
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ncreasing time
granulanty in electricity
markets

INCrexsing space
granuianty in electricity
markets

Innowvative ancillary
services

Re-designing capacity
markets

Regional markets

Time-of-use tariffs
Market integration

of distributed energy
resources

Net hiling schemes
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TEM OPERATION

Future role of destribution
System operators
Co-operation bétween
trarsmission and
distribution system
OPerators

Advanced forecasting
of variable renewable
pPOWer genayation
Innovative operation

of pumped hydropower
storage

Virtual power lines
Dynamic Ine rating



Systemic innovation for RE integration IRENA
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Example of solution: Distributed energy resources (DERs) providing services to the grid

Enabling technologios
+  Behind-the-meter batteries (2] 11 luti
Electric-vohicle smart charging ) SOIU IOIle
Renewable power-to-heat (residential) (4] explored in
Internet of things Q depth in the
Artificial intelligence and by data o re por‘l‘
Blockchain ° . .
iIncluding
Business models "‘ advice on their
+ Aggregators © ® suitability and
Market design impact.
Market integration of distributed 0 Distributed
energy resources energy resources
* Innovative ancillary services 0O providing services
to the grid
System operation
Co-operation between transmission Q
and distribution system operators

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



