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The global energy transformation
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Nuclear
Renewables 15 billion USD
(excluding
oo Cod
282 billion USD 37 billion USD

Natural gas
Hydropower 47 billion USD
550 MW 3.8% Q

15 billion USD

(REN21, 2020, ‘Renewables 2020 global status report’)
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NEW PARADIGM OF THE ENERGY SUPPLY CHAIN
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IRENA (2019), /nnovation landscape for a renewable-powered future: Solutions to integrate
variable renewables. International Renewable Energy Agency, Abu Dhabi.




o Electricity

0 storage

Electrification of
end-use sectors

Digital
- technologies
New grids
ENABLING o G
TECHNOLOGIES
° Dispatchable
generation

1 Utility-scale batteries
2 Behind-the-meter batteries

3 Electric-vehicle smart charging

+ 4 Renewable power-to-heat

5 Renewable power-to-hydrogen
Internet of things
7 Artificial intelligence and big data

Blockchain

9 Renewable mini-grids
10 Supergrids

11 Flexibility in conventional power plants




BUSINESS
MODELS

Empowering
the consumer

Enabling
renewable

energy supply

» 12 Aggregators
» 13 Peer-to-peer electricity trading
» 14 Energy-as-a-service

« 15 Community-ownership models
» 16 Pay-as-you-go models




0% Wholesale market * 17 Increasing time granularity
0@ in electricity markets

+ 18 Increasing space granularity
in electricity markets

» 19 Innovative ancillary services

» 20 Re-designing capacity markets
« 21 Regional markets

MARKET _ _ o
DESIGN « 23 Market integration of distributed

energy resources

@ e Retail market » 22 Time-of-use tariffs

« 24 Net billing schemes




e Operation - 25 Future role of distribution system
@ of distributed operators

energy resources » 26 Co-operation between transmission
and distribution system operators

@ Accommodating - 27 Advanced forecasting of variable
@ uncertainty renewable power generation
- 28 Innovative operation of pumped
hydropower storage
SYSTEM @ @ Grid « 29 Virtual power lines
OPERATION reinforcement - 30 Dynamic line rating

deferral
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Utility green pricing programs: =& 2(El= 7tA & Ef 220 =TI &
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Community choice aggregations: Z5-0{| A 22|50 74A 3 2401 S4

Community solar programs:
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Figure ES-1. Voluntary green power sales (MWh), 2010-2017

Source: O’Shauihnessi, E., et al,, 2018, 'Status and trends in the U.S. Vquntari ireen
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Figure ES-2. Voluntary green power market shares of different products in terms of sales (left) and
customers (right), 2010-2017

PPA = power purchase agreement; CCA = community choice aggregation; REC = renewable energy certificates

Source: O'Shaughnessy, E., et al., 2018, ‘Status and trends in the U.S. Voluntary green power
market’, NREL/TP-6A20-72204
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Thanks for paying attention to my
presentation!




