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What’s changing? Push Towards Deep Decarbonization

Driver 1: Renewable Energy Penetration

Australian Power Grid: 2030 scenario

A power system characterised by growing levels of renewable and DER:

* Driven by technology, costs and customer preferences
» Emissions reduction policy actions will only accelerate the transition
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Push Towards Deep Decarbonization - Across the Globe

JAPAN’S ENERGY MIX BY 2030

Japan sees renewable energy such as solar and hydro edging out nuclear power by 2030.
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Source: Ministry of Economy, Trade and Industry, Japan, 2015

Size: 145,914 square miles; Population: 126.5 million
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Saskatchewan's Potential

FUTURE POWER MIX
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Biden administration shoots for
the sun with goal of 45 percent
solar power by 2050

“Achieving this bright future requires a massive and equitable deployment of
renewable energy and strong decarbonization policies,” the secretary of energy
said.

By J Romaine | Sept. 8, 2021
September 8’ 2021 y Jenna Romaine | Sep

FERC Order No. 2222: A New Day for Distributed Energy Resources

FERC Opens Wholesale Markets to Distributed
Resources: Landmark Action Breaks Down Barriers
to Emerging Technologies, Boosts Competition




US Energy Mix: 2020 and beyond
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100% Renewable: It is Becoming Real

LAT00: The Los Angeles 100% Renewable Energy
Study

NREL provided rigorous, integrated engineering-economic analysis to the Los Angeles Department of
Water and Power (LADWP) through the Los Angeles 100% Renewable Energy Study (LA100).

Results show that meeting LA's goal of reliable, 100% renewable electricity by 2045—or even 2035—is achievable

and will entail rapid deployment of wind, solar, and storage technologies this decade.
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What’s changing? Push Towards Deep Decarbonization

Driver 2: Electrify Everything

* Electric Vehicles
* Smart buildings and increased electrification
* Net-energy homes: small-scale solar

Challenges
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Power balance becomes challenging
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Technological Challenges

 Integration challenges:
e Real-time balance of supply and demand
o coordination of DG, storage and flexible DER
* Imbalance across three-phase AC — introduces two-way flows that can
affect grid losses, protection equipment, and may lead to outages —

better visibility to operators
* Loss of synchronous generators — that provide rotating inertia — due
to shift to renewables that are small and distributed.

 Increased complexities:

e Customer demand becomes uncertain — load varies in an unknown
manner

e Typical top-down approach of planning and operations is
fundamentally challenged

e Operators cannot forecast load — essential for quantifying risk and for
efficient planning and operation

e Security and privacy considerations become more urgent

J Emerging technologies in power electronics, control,
and communication can be leveraged

110 112113114

substation

2 0
j 149 1
150

ap— Haider, R., D’Achiardi, D., Venkataramanan, V., Srivastava, A., Bose, A. and Annaswamy, A.M. Reinventing the utility for distributed energy resources: A proposal for retail
I I I I electricity markets. Advances in Applied Energy, 2021 O@e

MITei Energy Innovation for a Net-zero Future, May 2023 LAI




Results: Example 1 — A democratized grid with a retail market

Komae-city, Tokyo, Ja

pan Increase in Revenue for DSO with Energy Market:
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Results: Example 1
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Results: Example 2 - Flattening the “Duck Curve”

Modified IEEE-34 node network with:

- 38% renewables
- Flexible cooling loads
- Batteries

Residential Loads
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No load

DERs (PV and flex load)
present throughout
network
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Thank you!

aanna@mit.edu

MITei Energy Innovation for a Net-zero Future, May 2023 o@c

LAI




