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Autonomous Energy Systems

A vision of the future grid integrating massive
amounts of distributed energy resources
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Disclaimer

This work was authoredy the National Renewable Energy Laboratory, operated by
Alliance for Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) unde
Contract No. DIAC3608G028308. The views expressed in the article do not
necessarily represent the views of the DOE or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication,
acknowledges that the U.S. Government retains a honexclusiveupaidrevocable,
worldwide license to publish or reproduce the published form of this work, or allow
others to do so, for U.S. Government purposes.
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Transformation of the Power System
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Transformation of the Power System

/ Current Power System \ / Future Power Systems

AlLarge Centraftation,
Synchronous
Generation

Ultra High

Efficiency
Building
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Alncreasing levels of wind and solar i variable and power electronics based

AMore use of Communications, Controls, Data, and Information (e.g. Smart Grids)
I can have interoperability and cybersecurity issues

AOther new distributed technologies: EVs, Distributed storage, Flexible Loads

Alncreasing interdependencies between electricity grids and other infrastructures
ABecoming highly distributed and more complex to operate
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Is the Grid getting too complex to control?
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Is the Grid getting too complex to control?

Cu rre n'[ G rigd  Central Control Distributed, Hierarchical Control
10* Bulk Generators 108 Generators, Storage, Active Loads
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What are we trying to achieve in the
Autonomous Energy Systems Projec

. G , & Distributed Energy Resources (DER) =
=l 1 g e Generation (solar, wind, fuel cells, generators)
: W o Gt Storage = Batteries, Ice storage
S e . ot Loads = Buildings, Homes
' o T & : Mobility = EVs, Chargers

San Franciscer oSt s il v -2 Optimize and control massively

deployed DER in redime.

o
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What are we trying to achieve in the

Autonomous Energy Systems Projec

Distributed Energy Resources (DER) =

A Generation (solar, wind, fuel cells, generators)
A Storage = Batteries, Ice storage

A Loads = Buildings, Homes

A Mobility = EVs, Chargers

Optimize and control massively
deployed DER in redime.

Example: SF Bay Area

A Grid has more than 10 million electric nodes at distribution
level

A 4.3 million Customers each with PV, storage, smart homes,
plugin EVs = H0million controllable devices

[ salinas
Monterey /

Nobody knows how to do this!
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Transforming ENERGY through Autonomous Energy System
Community/Town Large City

Develop framework to enable scalable control and optimization of all energy
resources across several domains (grids, buildings, transport, renewables) and SCajes—————————————g Optimization \

A Bridge the gap between control theory and optimization theoaynd propose a unified
theoretical approachthat builds on contemporary advances in control, optimization, an
parallel computing

A Develop distributed optimizatioalgorithms that can run in reatime (1s) across full
system

A Ensure a computationally affordable, optimal, resilient, and reliable distributed
operation with the objective to enable flexible operation and maintain stability and

optimality

I M

\ Cnmplex Systems \J  Big Data Analytics
A Validate the results in relevant realvorld applications NREL |9




Formulating new math to address challenges

Challenges that are being addressed:

1. Distributed ¢ Needs to be fast enough to operate in rdiahe (Online)

2. Scalableg Needs to be able to control millions of devices (Hierarchical)
3. Data Awarec Make best use of tim@arying asynchronous measurements

Transmission System Home/CommunitySystem

| )
' DistributionSystem
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Distributed Control and Optimization
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Realtime optimization with missing model parameters

Abhyt Ay S hLliAYAT IAlBersiein, EADAIRANSSES hdSEnbndto ¢ >
accepted toEEE Transactions on Signal Processing
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xrrpl,lr;. fnez[x) + Z .fi{p-irq{j]

subjectto  pi,q: € Wi Vi,

Unique Impactful Results

A Unique results in terms of convergence/stability
of the algorithms foreal-time/ closed-loop
optimization algorithms that utilize
measurements

DERa

h;(pi, qi) =0 Vi,
gilpiqi) =0V,
h,.(xp,q)=0
Enet(X, Pyq) < 0

A New mathematical framework for driving
dynamic system toptimal time-varying
solutions
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Integration of Data Analytics Formulating new math (ADMMRL)

Combining Distributed Optimization and Learning (dadaiven optimization)
AG5AaGNAGdzi SR wSAY T2 NS Py draf [J&hifokphbny Ghristophérk | 5

_ Real-time ) ‘
optimization and learning
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= | Xnltk) = Co(Xnlti-s) ynlti) | Bay, Davaiagionj Devon Sigler, Monteunacek Wesley Jones submitted to t#e&CC Conference
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% s aas A Alternating Direction Method of

T e e Multipliers (ADMM)

T Ve e Decompositiorcoordination minimize f(z) + g(2)

% procedure in which the solutions to st Ax+Bz=c

z. e | e small locasubproblemgqoptimization) . . . S fim)
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are coordinated to find a solution to a —
large global problem. s.t z; = z.
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G Reinforcement Learning (RL) " = ssowin R £ + o7 e - 59+

2 Learner discovers what action 2z, —

= yields maximum reward. W =g et - ),

This Papemtroduced a ADMMRL controller to train wind turbines and water heater controls NREL |12




Application¢ Distributed Control of Wind Farms

https://www.youtube.com/watch?v=nYV LH46Z0U NREL |13




