What Is a ESI (Energy Integration System) ?
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Defintion of ESI

Energy Systems Integration (ESI)
= optimizes the design and performance of
electrical, thermal, and fuel pathways at all scales.
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What is a Cyber Physical System ?

The indudstrial systems have developed computational systems
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Cyber Physical Thinking is modelling the real world
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The CBS creates digital twin from the real world

Mass customization
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Electrical Grid Network Control
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Different AES in a common Grid
ASI- Electricity, Wind, Bio, PV, Hydrogen, Water
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The Idea is to put the modell in a Neurol Network

With few contraints, Voltage, Ampere, Frequncy

Opimal Power Flow roald-aes.pdf — On Active Constraints in Optimal Power Flow: Learning Optimal Solutions and Identifying Important Constraints
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 This didn’t work well...

— Hard to satisfy safety constraints!

& [Social Movem... |l PapersRuhust...‘ Opimal Power ...

— Projection back onto feasible space cause suboptimality...
— Challenging: High-dimensional input — High dimensional output

« This can work well under some circumstances Wide enough and deep enough, and
with enough data! [Karg and Lucia, 2018]
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The Idea is to put the modell in a Neurol Network

With few contraints

Opimal Power flow roald-aes.pdf — On Active Constraints in Optimal Power Flow: Learning Optimal Solutions and Identifying Important Constraints

Datei Bearbeiten Ansicht Gehenzu Lesezeichen Hilfe
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ﬁ‘ g a ‘-I; [LNG] & [Social Movem...

— Finite, low dimensional object

B Papers Robust... ‘ Opimal Power ...

— Nice physical interpretation (power system operational pattern)

— Optimal active set is the "minimal” information we need to recover optimal solution

— Inherently encodes information about physical constraints and technical limits
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Autonomous Energy Systems within a complex ESI

Enabler System
5G- Mobile
Wifi 6.0 Building
TSN- Ethenett

Autonomous Energy Systems

TSN Networks
Wind Plant Controls

to AES

Buildings to AES

Wifi 6 in W

Building 5G in Cars

New technids!of Industry 4.0..5.00 are connecting

everything
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Research Topics on the CBS of AES

AES Priority Research Directions

Big Data Analytics

Develop ways to use heterogeneous grid data (addressing access
and privacy) to better conduct ensemble forecasting of grid states

and enable automated and distributed decision making from
machine learning technigues.

Optimization Theory

Develop computationally-affordable, stable, and provably optimal

algorithms that can be implemented in real-time and distributed
fashions.

Controls Theory

Develop scalable, real-time, decentralized and distributed controls
that take into account inherently asynchronous operations as a
result of communications delays, losses, and distributed
{asynchronous) control actions.

Complex Systems Theory
- Develop modeling and simulation methods that address
integration and interdependencies of many different energy and

communications systems at various temporal and spatial scales.

Equivalent in idea to autonomous vehicles, "Aufonomowuws Energy Grids” do not
require operators and make independent decisions. They can self-reconfigure and

optimize themselves for reliability and economic performance while integrating
energy in all forms

= MNeed to advance foundational science:

Smart Device/ Power Electronics |' Need to develop n e
E‘c’it:'le—'lrisr.:::ll;;ntral Theory formulations and a common analytical
Optimization Theory framework for modeling, optimization,
Complex System Theory > | and control of complex systems at

Big Data Analytics \, multiple spatial and temporal scales
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Al has different shells

| computers possessing the same characteristics
AI M L N N DL of human intelligence, including reasoning,

interacting, and thinking like we do

the word technologies that can
“deep” o . accomplish specific tasks
o ol General Artificial Intelligence (Al o s sk
the fact that recommending your next
DL Netflix TV show, and
algorithms Narrow Al enabled by identifying spam emails
are : .
trained/run Machine LEE@M L) __neural networks are a
on deep neu specific group of
ral algorithms used for
networks. Neural Networks ( N N) machine learning that
These are model data using
just neural graphs of Artificial
. Neurons. Those

”e_g"“’ks Deep Learning (DL) e
Wi
(usually) mathematical model
three or that “mimics
more approximately how a
“hidden” neurog in the brain
layers works
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