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Ongoing Energy Transformation - drivers
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Wind and PV at the core of the energy transition
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VRE share in Electricity Generation (%)
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> 60% Global VRE Share by 2050 in Paris
Agreement aligned case

sources 0 addressing variability is
crucial for high deployment.

ATodayds innovatd on
integrating high shares of wind and PV
at lowest -cost in power systems.
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Innovative solutions to increase power systems
flexibility propelled by three trends

A Decentralisation d&impact on supply side -. Wind
and PV is largely centralized today but distributed
generation - notably rooftop PV, ~ 1% of all
electricity generation today d is growing bringing
new flexibility opportunities at demand side

A Electrification dimpact on demand side -. It plays
in two ways, may decarbonize end  -use sectors
through renewable electricity and, if done in a
smart way, become a flexibility source to
integrate more renewables in power systems

A Digitalisation &impact on system integration -. Key
enabler to amplify the energy transformation by
managing large amounts of data and optimizing
systems with many small generation units




Innovation unlocks flexibility across whole power
system
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62% of global energy CO2 reduction potential by 2050

Smart RE-electrification supported by Digitalisation representing

Flexibility Flexibility
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- _ _ Flexibility sources : Flexible generation; Regional
Flexibility sources : Flexible generation interconnections and markets; Demand response;
Storage; Power to X




Landscape of Innovation for Power Sector
Innovations in Four Dimensions
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INNOVATION LANDSCAPE FOR A
RENEWABLE-POWERED FUTURE:

SOLUTIONS TO INTEGRATE
VARIABLE RENEWABLES

Free download of report at:
https://www.irena.org/publications/2019/Fe
b/Innovation -landscape -for-a-renewable -
powered -future
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Utility-scale batteries 12
Behind-the-meter 13
batteries
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Electric-vehicle

smartcharging 15
Renewable
power-to-heat 16
Renewable

power-to-hydrogen

Internet of things
Artificial intelligence
and big data
Blockchain

Renewable mini-grids
Supergrids

Flexibility in conventional
power plants

@ BUSINESS MODELS

Aggregators
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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Increasing time
granularity in electricity
markets

Increasing space
granularity in electricity
markets

Innovative ancillary
services

Re-designing capacity
markets

Regional markets

Time-of-use tariffs
Market integration
of distributed energy
resources

Net billing schemes

@ SYSTEM OPERATION
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Future role of distribution
system operators
Co-operation between
transmission and
distribution system
operators

Advanced forecasting
of variable renewable
power generation
Innovative operation

of pumped hydropower
storage

Virtual power lines
Dynamic line rating



Innovations as building blocks of Flexibllity
Solutions tailored to country/system context
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Combine Innovations to
Create Flexibility Solutions

Enabling

Technology Business

Models
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Example 1:

DER providing services to the grid

@® BtM batteries / Smart Charging for EVs
_/ Power-to-heat + loT / Al & Big Data /
M "Blockehain _ "
® Aggregators
@ DER participation in wholesale market /
New products on ancillary service market
@® DSO-TSO co-operation

Example 2:

Increase VRE integration while avoiding

grid reinforcements investments

@ Utility-scale battery storage /
Power-to-hydrogen / Power-to-heat + [oT /
Al & Big Data

@ Virtual power lines / Dynamic line rating
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Combine Innovations to Create Flexibility Solutions
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Example 1:
DER providing services to the grid

BtM batteries / Smart Charging for EVs

/ Power-to-heat + 10T / Al & Big Data /
Blockchain

Aggregators

DER participation in wholesale market /
New products on ancillary service market
DSO-TSO co-operation

Example 2:

Increase VRE integration while avoiding
grid reinforcements investments

@ Utility-scale battery storage /
Power-to-hydrogen / Power-to-heat + [oT /
Al & Big Data

@ Virtual power lines / Dynamic line rating



Combining innovations into solutions 0 11 solutions
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FLEXIBILITY . SOLUTIONS

SUPPLY-SIDE GRID DEMAND-SIDE SYSTEM-WIDE STORAGE
FLEXIBILITY SOLUTIONS FLEXIBILITY SOLUTIONS FLEXIBILITY SOLUTIONS FLEXIBILITY SOLUTIONS
I Decreasing VRE m  Interconnections and vl Aggregating distributed X  Utility-scale battery
generation uncertainty regional markets as energy resources solutions
with advanced generation flexibility providers for grid services
forecasting X1 Power-to-X solutions
Iv  Matching RE generation viit  Demand-side
N Flexible generation to and demand over large management
accommodate variability distances with Supergrids

vit. RE mini-grids providing
v  Large-scale storage and services to the main grid
new grid operation to
defer grid reinforcements IXx  Optimising distribution
investments system operation with
with distributed energy
resources



Priority solutions based on country/system context
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Flexibility vs Cost Flexibility vs Implementation Complexity



