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&@® IRENA
Agenda

> IRENA’s systemic innovation approach for VRE integration
» Grid flexibility: Regional markets as flexibility providers

» Demand side flexibility: aggregating distributed energy resources for
grid services

» 8-step innovation plan for power sector transformation
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Systemic innovation for VRE integration
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Systemic innovation @ IRENA
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New opportunities
to operate the system

Enable new revenue
streams for technologies

ENABLING
TECHNOLOGIES

Private sector identifying
new business opportunities

BUSINESS SYSTEM
MODELS OPERATION

Creates
business cases

Design regulations
to incentivise investments

MARKET
DESIGN

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



Innovations for wind and solar PV integration
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INNOVATION LANDSCAPE FOR A
RENEWABLE-POWERED FUTURE:

SOLUTIONS TO INTEGRATE
VARIABLE RENEWABLES

Innovation Landscape Report

@ ENABLING TECHNOLOGIES

Utility-scale batteries 12
Behind-the-meter 13
batteries

14
Electric-vehicle
smartcharging 15
Renewable
power-to-heat 13
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

@ MARKET DESIGN

7

21

22
23

24

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

25

26

27

28

29
30

b

SYSTEM OPERATION

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



Power sector transformation: Innovation trends S® IRENA
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» Electrification of end-use . The increasing deployment
sectors is an emerging solution of Distributed Energy
to maintain value and avoid Resources (DERs) turns the

curtailment of VRE, and help consumer into an active
decarbonize ofther sectors participant, fostering

demand-side management.

« Digital fechnologies enable
faster response, better
management of assets,
connecting devices, collecting
data, monitor and control

Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to intfegrate variable renewables
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Innovation unlocks flexibility across the power system

Flexibility Flexibility
providers in the current providers in the future
power system

power system

.
rd

Flexibility

Flexibility

Storage Storage

K2

Supply Grids Demand Supply Grids DER
Distributed
energy
resources

Flexibility sources: Flexible generation; Regional
interconnections and markets; Demand response;

Flexibility sources: Flexible generation
Storage; Power to X
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Grid flexibility:
Interconnections and regional markets

as flexibility providers
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IRENA's innovation landscape for VRE integration

@ IRENA

INNOVATION LANDSCAPE FOR A
RENEWABLE-POWERED FUTURE:

SOLUTIONS TO INTEGRATE
VARIABLE RENEWABLES

Empowering
the consumer

Enabling
renewable
energy supply




Each solution tackles a power sector segment
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Swedish electricity production (2017)

39% by 2040

N

38 IRENA

INNOVATIVE
SOLUTIONS FOR
100% RENEWABLE
POWER IN SWEDEN

m fyd ropower
nuclear
m wind

m CHF {mainly renewables)

Key system operation challenges:

Ensuring power system stability: annual
average inertia is expected to decrease from
202 GWs (2020) to 159 GWs (2040);

Balancing demand and supply: greater
consumption in the South and significant
hydropower generation in the North;

Expanding the network: long lead times for
distribution & transmission infrastructure (EUR
15 billion to be invested by 2025).

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

Interconnections

©%

M

%} information flow

3
K

!

SUPPLY

l

TRANSMISSION

!

SOLUTION Il

Aggregators

o Distributed
I generation
Batter
“ storagé
o Smart
1 meters
N hSmart
chargin
.%( ging
SOLUTION In
DISTRIBUTION DEMAND
SOLUTION IV


https://www.irena.org/publications/2020/Jan/Innovative-solutions-for-100-percent-renewable-power-in-Sweden

Example of solution combining innovations

Intfemational Renswable Energy Agency

Enablin technologies
« Internet of Things ]

» Artificial intelligence and big data
» Blockchain
upergrids

Market design
« Increasing time granularity in electricity markets
* Regional markets

> |Improves flexibility in the existing pan-European market design;

> Fosters collaboration among system operators in Sweden, the Nordic,
Baltic and wider European region;

> Ensures clear and effective division of responsibilities to manage an
increasingly complex, decentralised and digitalised power system.

®-®

Pan-European market
as flexibility provider
with effective
collaboration among
system operators

0 Europe - intraday trading between
non-adjacent market areas

0 Europe - 15- and 30-minute intraday
products traded closer to real-time delivery

4 - Denmark - 53% VRE integration thanks to
supergrids and regional market

‘ European transmission system operators -
pilots for a common balancing market

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

I8 IRENA

INNOVATIVE
SOLUTIONS FOR
100% RENEWABLE
POWER IN SWEDEN



https://www.irena.org/publications/2020/Jan/Innovative-solutions-for-100-percent-renewable-power-in-Sweden
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o Electricity « 1 Utility-scale batteries
9 storage + 2 Behind-the-meter batteries

Electrification of + 3 Electric-vehicle smart charging
end-use sectors - 4 Renewable power-to-heat

+ 5 Renewable power-to-hydrogen

e 0 Digital + 6 Internet of things
0 technologies - 7 Artificial intelligence and big data

« 8 Blockchain

New grids + 9 Renewable mini-grids
ENABLING e Q » 10 Supergrids
TECHNOLOGIES

o Dispatchable 11 Flexibility in conventional power plants

generation

IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to integrate variable renewables
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Power sector complexity requires digital innovations Imationat Rneve Energy AGENcy

OB IRENA

ARTIFICIAL INTELLIGENCE
AND BIG DATA

INNOVATION LANDSCAPE BRIEF

DECISION-MAKING

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

Py— DEPLOYING RENEWABLES @88
INCREASES POWER ®® @ ®®IRENA
INTERNET OF THINGS SECTOR COMPLEXITY @
INNOVATION LANDSCAPE BRIEF AND THE NEED BLOCKCHAIN
DATA GENERATION FOR FLEXIBILITY. TRANSACTIONS INNOVATION LANDSCAPE BRIEF
Vast amounts of granular data NEW TOOLS ARE Open and secure management
captured with a network of REQUIRED TO OPTMISE of data and automatisation
smart devices that have THE SYSTEM. of contract execution

sensors and can act via smart contracts

14

IRENA (2019), Blockchain: Innovation Landscape Brief



Innovations in market design
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2}
Q¢

MARKET
DESIGN

Wholesale market [

17 Increasing time granularity
in electricity markets

18 Increasing space granularity
in electricity markets

19 Innovative ancillary services
20 Re-designing capacity markets

21 Regional markets

Retail market

22 Time-of-use tariffs

23 Market integration of distributed
energy resources

24 Net billing schemes

IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to intfegrate variable renewables
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Increasing time granularity in electricity markets emational Renewate Energy Agency
DB IRENA
INCREASING TIME How to internalize the value of flexibility in the market price?

ELECTRICITY MARKETS

INMOVATION LANCECAFE BRIEF

e Reducing the market time units (the duration of dispatch);

* Reducing the time span between trading gate closure and physical real-time delivery of
power (the lead time).

SNAPSHOT

’ Shorter market time units are explored in
California (United States), Brazil, Germany and

BENEFITS e other European markets.
Short ferm: /\/\/\/V \/\ } Shorter lead times are proposed in Australia,
' the Nordic power market in Europe (reduced to
—

Improved flexibility in operations . . -
; T 15 minutes), Austria, Belgium and Germany

through price signals :
Long term: Enable higher shares of VRE (rEdUCEd fo minutes).
Increasing fime Optimised investments in In the power sysfem

granularity in flexible generation capacity
electricity markets (through granular price signals)

16

IRENA (2019), Innovation landscape brief: Increasing time granularity in electricity markets


https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Increasing_time_granularity_2019.pdf?la=en&hash=BAEDCA5116F9380AEB90C219356DA34A5CB0726A

@ IRENA

Regional markets as flexibility providers I Rl g At

Capacity market
.‘?‘v‘.‘hﬁfﬂﬁ harmonisation
Internal Electricity
REGIONAL MARKETS ‘l HOW IT WORKS @ Market in EU
INRATION LARDSCADE DRIET ) . Western Energy
. . . . Imbalance Market
Regional markets requue_’rhe harmonisation Ancitlary market |1 in US
of market rules for electricity to flow freely harmonisation .

in response to market-based price signals.

The deeper the integration, the more rules needs
to be harmonised. There are different stages

of market integration:

Wholesale market

harmonisation
|
|
2 @ Eastern African Power Pool :
B E N E FITS Bilateral contracts @ Greater Mekong Sub-region |
S @ Nile basin Initiative :
Increased flexibility through expanding @ West Africa Power Pool |

balancing area

Early stage of market Shallow market Deep market
integration integration integration

3 KEY ENABLING FACTORS

Physical interconnections with sufficient
capacity

|:_T\ Advantages of spatial complementarity
=2 of VRE generation

Co-ordinate generation planning
Regional mindset, strong institutional

i‘.‘.".-; Reduce system operation cost arrangements and governance model

Ef Robust IT system for market operation

17
IRENA (2019), Innovation landscape brief: Regional markets


https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Regional_markets_Innovation_2019.pdf?la=en&hash=CEC23437E195C1400A2ABB896F814C807B03BD05

Regional markets as flexibility providers

Interconnections and regional
markets as flexibility providers

/ BENEFIT
il

Potential increase in system flexibility

B e n e fi .l-S Flexibility needs addressed

from seconds to days (with a big enough region,
regional markets can deliver flexibility over longer time frames)

& COST and COMPLEXITY

COsts

Technology and infrastructure costs D

if interconnections are not in place

Required changes in the regulation framework - I
to partially to fully
integrate integrate
markets markets

Required changes in the role of actors D, )

co-ordination between co-ordination between
transmission system transmission system
operators and market operators and market
players in different markets players in different markets -
- for partially integrated markets for fully integrated markets

Other challenges

» Political and regulatory challenges

« Regional mindset and trust, strong institutional

arrangements and governance model

IRENA (2019), Innovation landscape brief: Regional markets
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Demand side flexibility:
Aggregating distributed energy resources

for grid services




Deceniralisation and digitalisation

Intfemational Renswable Energy Agency

The new consumer is also producing, storing, tfrading energy and managing own load

BEHIND-THE-METER BATTERY

SMART CHARGING ELECTRIC

Small batteries that are connected VEHICLES
at the consumer end and store
electrical energy during periods of Optimising the charging cycle of :
DISTRIBUTED GENERATION surplus generagt!il::rn_ or the EVs according to distribution Internet of thlngs
Generation from plants connected | grid constraints and local
at low and medium voltage, such renewable energy availability, as
as solar rooftops, micro wind well as driver preferences.
turbines, etc. ) @ L
S = .. 7
.H‘"'\-\.‘.\- R ] I r
i e Artificial intelligence
—
._':'_ DISTRIBUTED
1 ENERGY RESOURCES __.'
., £
..................... EE |
DEMAND RESPONSE | Blockchain
' POWER-TO-HEAT

Process that enebles consumers to / \

alter their electricity consumption
patterns and provide arid services,
individually or through an I.-'f
agarenator, /

Source: IRENA (2019) Innovation landscape brief

Thermal boilers, heat pumps,
thermal storage, etc. used to

\'-. provide heat for residential

', purposes.

: Market integration of distributed energy resources



Demand-side flexibility solutions
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Aggregating distributed energy resources for grid services

Enabling technologies

»  Behind-the-meter batteries 2]

*  Electric-vehicle smart charging ©

* Renewable power-to-heat (residential) o

* Internet of things 0

» Artificial intelligence and big data G

»  Blockchain o

Business models ‘

» Aggregators @ . .

Market design
« Market integration of distributed @ Distributed
ETPIY DORATES energy resources
* Innovative ancillary services Q providing services
to the grid

System operation

« Co-operation between transmission @
and distribution system operators

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



Innovative technology: EV smart charging
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TODAY
2010 (2017/2018)
Passenger electric
E cars on the road J .
<0.5 mil 6 mil

Electric vehicles

Smart charging for electric vehicles
(EVs) holds the key to unleash
synergies between clean transport
sec’ror Oﬂd |OW—CCII’bOﬂ eleCT”C”y’ V1G = Unidirectional controlled charging

Vehicles or charging infrastructure

It minimises the load impact acjust thelr rate of charging

from EVs and unlocks the flexibility to

\ use more solar and wind power. /

2030 2040

157 mil 745 mil

V2G = Vehicle-to-grid
Smart grid controls vehicle charging and
returns electricity to the arid

2050

1166 mil

V2H/B = Vehicle-to-home/-building
Wehicles will act as supplement
power suppliers to the home



Innovative technology: Internet of Things
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loT transforms physical objects into ‘smart’ devices to

collect, communicate, monitor and interpret information from their surroundings in real time

Smart grids

/]
% |
Wind power plant - _ h .

Solar power plant |

@f R

Fossil fuel
power plants

Fo
lia!

=4{_) smart bulldings

Electric vehicles

Qv
O
r,.n%
"

Qoo m

Commercial
& industrial
applications

[=l=N=1=] ;
C bined heat 2 : Bl
n:nc;n:awu:n O..........................-', _O smart homes

----------- Data network ——— Electricity grid O Advanced metering infrastructure

Digitalisation

Smart homes

]
- -

ol

SMART

PLUGS

CONNECTED

THERMOSTAT

I
[ %%D’ "+ SMART PHONE
I ,.-++++*CONNECTED BOILER

SMART CHARGING

/. - .+ pOINT
T r] :% \

) © g ; .

SMART METER ---*~



Innovative Business Models: Aggregators
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Q & 05
Energy \

E 0= = &
. Delivery of services S

Di habl .
ﬂ— Q L;Ts" . Virtual Power utility Grid

.H
2 ' . They can provide:

=» Load shifting

-» Balancing services to TSOs

D Electric =» Local flexibility to DSOs

Source: IRENA (2019) Innovation
landscape brief: Aggregators

Aggregators

3 SNAPSHOT

@ Global market value of USD 762 million in 2016,
expected to reach USD 4 597 million in 2023

ng World’s Largest VPP is expected to connect
DERs in 50,000 homes to meet 20 % of South
Australia’s daily power demand.

Projects in Netherlands, Germany and Australia
2% are aggregating behind the meter batteries to
provide grid services.




Innovative Market Design &@® IRENA
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Participation in wholesale and ancillary service markets exposes DERs to market prices and enable demand-side
flexibility

DER participationin

Electricity wholesale markets Ancillary service markets Capacity markets * w
SN A
|
11

Power system benefits

* Provision of ancillary services Improved ﬂ
* Network congestions generation capacity Encourage
management planning flexibility Empowering
consumers

Load shifting
& peak shaving

Integrated DER in the grid and increased flexibility in the power system SNAPSHOT

= In EU, DERs can offer 100 GW of demand
response potential.

- New York's ISO (NYISO) is planning to enable
DER participation in Day-Ahead Demand
Response Program and Demand Side Ancillary
Services Program.

- By 2050, DERs would supply 30-45 % of
Source: IRENA (2019) Innovation landscape brief: Market integration of distributed energy resources Australia’s electrichy needs



Innovative System Operation
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Improved co-ordination between transmission and
distribution system operators becomes essential to
integrate distributed energy resources and gain

Operation of a maximum system flexibility
decentralised system

Flow of power — Flow of services — Flow of operational signals

Source: IRENA (2019) Innovation landscape brief: Market integration of distributed energy resources

3 SNAPSHOT

=» Various TSO-DSO co-operation projects have
been piloted in the European Union

4 SmartNet project includes Denmark,

Italy and Spain

_{0 CoordiNet project includes Greece,
Spain and Sweden

=» Colombia is also looking at increasing
TSO-DSO co-operation in the context of
increased distributed generation

2 KEY ENABLING FACTORS

-—> Infroduction of data exchange platforms

=2 Digitalisation

Clearly defining the new role of DSOs




DERs providing services to the grid &@® IRENA
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SUMMARY TABLE: BENEFITS AND COSTS FOR AGGREGATING DISTRIBUTED ENERGY

o et st s o Madwta  Wan Ve
The VPP Next Kraftwerke providing grid p . -
- - - /
services to Elia (Belgium) .ll BENEFIT
) : ) . . Potential increase in system flexibility . )
Sonnen Baterie Provides grid services in ‘
Flexibility needs addressed from seconds to hours
Germany
. 5)}) COST and COMPLEXITY
Tesla’s VPP contributes to renewable energy : :
Technology and infrastructure costs & )
integration and system stability in South ICT platform, provided that the distributed
) energy resources and smart meters are in place
Australia
Required changes in the regulation framework S s
Required changes in the role of actors @ s >

active consumers, distribution
and transmission system operators,
new players, such as agaregators

+ Close co-ordination among different stakeholders,

Other challenges : :
including prosumers
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8-step innovation plan




@ IRENA

8-step innovation plan for power sector transformation
Anticipate future Adopt a systemic approach

power system needs

o O

Account for changing roles Foster learning by doing
and responsibilities

O O

Create synergies through Make market design

sector coupling innovation a priority
Adopt an open and Turn smart innovations

co-operative approach into smart solutions

to innovation
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C® IRENA
INNOVATION LANDSCAPE FOR A lnnovation TOOlbOX
* [IRENA (2019), Innovation Landscape for a RENEWABLE-POWERED FUTURE: |
. SOL-UTIONS TO INTEGRATE Innovations
renewable-powered future: Solutions to VAL REONABLES 0000000
integrate variable renewables: Link O coie O

o technologies o

30 %
Business o

« IRENA (2019), Innovation Landscape Briefs: o
e SYSEEM | ovations maodels
J

v' Market design briefs: Link

operation
v Enabling technologies: Link T8 RENA 0 ) e°
: . e . o et Market
v Business models: Link [=] desn )
v System operation: Link SOLUTIONS FOR %09000°°
Y P e 100% RENEWABLE o
POWER IN SWEDEN
« |IRENA Innovation Toolbox: Link
AR .\_
« IRENA (2020), Innovative solutions for 100% w > & Flexibility solutions
renewable power in Sweden: Link B | o | T4 Sﬁ“‘n Gﬁ..
> - L v v



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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OB IRENA

TEIRENA TEIRENA TEIRENA TBIRENA A TBIRENA TBIRENA

INTERNET OF THINGS ARTIFICIAL INTELLIGENCE RENEWABLE

FLEXIBILITY IN
UTILITY-SCALE BATTERIES BEHIND-THE-METER ELECTRIC-VEHICLE RENEWABLE MINI-GRIDS B (CHAIN SUPERGRIDS CONVENTIONAL POW|
INNOVATION LANDSCAPE BRIEF BATTERIES SMART CHARGING INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF AND BIG DATA mm’:ﬁ'ﬁm b "E,R m POWER-TO-HYDROGEN
INNOVATION LANDSCAPE BRIEF \NNOVATION LANDSCAPE BRIEF INNOVATION LANDSCAPE BRIEF R INNOVATION LANDSCAPE BRIEF

TEIRENA | TEIRENA TRIRENA TEIRENA | TEIRENA SBIRENA TRIRENA

- -TO-| ENERGY AS A SERVICE AGGREGATORS INCREASING TIME INCREASING SPACE INNOVATIVE REDESIGNING
OWNERSHIP MODELS ELECTRICITY TRADING PAY-AS-YOU-GO MODELS INNOVATION LANDSCAPE 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\‘

DB IRENA OBIRENA | GERENA o OEREN DBIRENA DBIRENA DBIRENA DOIRENA TBIRENA DBIRENA

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 OPERATORS DISTRIBUTION SYSTEM RENEWABLE POWER 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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