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➢ 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

Agenda



Systemic innovation for VRE integration 





Systemic innovation

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



Innovations for wind and solar PV integration

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

Innovation Landscape Report



Power sector transformation: Innovation trends

• Digital technologies 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 integrate variable renewables

• Electrification of end-use 
sectors is an emerging solution 
to maintain value and avoid 
curtailment of VRE, and help 
decarbonize other sectors

• The increasing deployment 
of Distributed Energy 
Resources (DERs) turns the 
consumer into an active 
participant, fostering 
demand-side management.



Innovation unlocks flexibility across the power system

Flexibility sources:  Flexible generation; Regional 

interconnections and markets; Demand response; 

Storage; Power to X

Flexibility sources: Flexible generation

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



Grid flexibility: 

Interconnections and regional markets 

as flexibility providers



IRENA’s innovation landscape for VRE integration
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IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to integrate variable renewables



Each solution tackles a power sector segment
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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

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


Example of solution combining innovations
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IRENA (2020), Innovative solutions for 100% renewable power in Sweden

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


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



Power sector complexity requires digital innovations

IRENA (2019), Blockchain: Innovation Landscape Brief
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Innovations in market design
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IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to integrate variable renewables



Increasing time granularity in electricity markets
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How to internalize the value of flexibility in the market price?

• 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).

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


Regional markets as flexibility providers
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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
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IRENA (2019), Innovation landscape brief: Regional markets

Benefits 

& 

costs



Demand side flexibility: 

Aggregating distributed energy resources 

for grid services



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

Decentralisation and digitalisation 

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

Internet of things

Artificial intelligence

Blockchain



Aggregating distributed energy resources for grid services

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

Demand-side flexibility solutions



22

Innovative technology: EV smart charging

Smart charging for electric vehicles 

(EVs) holds the key to unleash 

synergies between clean transport 

sector and low-carbon electricity. 

It minimises the load impact

from EVs and unlocks the flexibility to 

use more solar and wind power.



IoT transforms physical objects into ‘smart’ devices to 

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

Innovative technology: Internet of Things

Source: IIRENA (2019), Innovation landscape brief: internet of things, International Renewable Energy Agency, Abu Dhabi.

Smart grids Smart homes



Innovative Business Models: Aggregators

Source: IRENA (2019) Innovation 
landscape brief: Aggregators

Aggregators bundle DERs to engage as a single entity – a virtual power plant (VPP) – in 

power or service markets.

Aggregators are a new market player that can optimise the use of distributed energy 

resources. 



Innovative Market Design 

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

Participation in wholesale and ancillary service markets exposes DERs to market prices and enable demand-side 

flexibility



Innovative System Operation

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

Improved co-ordination between transmission and 

distribution system operators becomes essential to 

integrate distributed energy resources and gain 

maximum system flexibility



DERs providing services to the grid

Implemented solution:

• The VPP Next Kraftwerke providing grid 

services to Elia (Belgium)

• Sonnen Baterie Provides grid services in 

Germany 

• Tesla’s VPP contributes to renewable energy 

integration and system stability in South 

Australia



8-step innovation plan



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

8-step innovation plan for power sector transformation



• IRENA (2019), Innovation Landscape for a 

renewable-powered future: Solutions to 

integrate variable renewables: Link

• IRENA (2019), Innovation Landscape Briefs:

✓ Market design briefs: Link

✓ Enabling technologies: Link

✓ Business models: Link

✓ System operation: Link

• IRENA Innovation Toolbox: Link

• IRENA (2020), Innovative solutions for 100% 

renewable power in Sweden: Link

Further reading

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


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

Further reading

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