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Industry 1.0

Machinery,
Water power,
Steam power

Industry 2.0

Mass
production,
Assembly line,
Electricity

Industry 3.0

Computer and
automation

Industry 4.0

Internet and
cyber-physical
systems

Industry 5.0

Human-cyber-
physical
systems (HCPS)
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What is the Energy Internet ?

The Internet allows information to flow to anyone
from anywhere.
The Energy Internet is a vast network that will allow

efficient distribution of electricity to anyone and from
anywhere.
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EI will utilize smart sensors, ICT technologies
and algorithms to facilitate power supply in
real-time, enhance storage applications, and
integrate energy into the grid.
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Mission of the Energy Internet
Energy Internet is an online marketplace that transacts in energy
(One-to-One, One-to-Many and Many-to-One)

O-to-0: Between individual users for bilateral transactions
O-to-M: One electric utility sells to Many customers
M-to-0: Many customers sell to One electric utility

For the Energy Internet:
All transactions must be done in real-time
All network constraints must be met




Electricity Market

Electricity Transmission

Prodiicers and Participants of the Power
Distribution Market:

* Generating companies
(Power producers)
Regulator Electricity . Consumers(lndustrial,
Exchange Consumers Commercial and
‘ Household)
* Transmission
companies
* Distribution
companies
* Power Exchanges
* Regulators

Electricity
Sellers

-~ Bilateral Contracts — Transaction from
<> Through Exchange seller



Smart Grid

Before Smart Grid:

One-way power flow,

simple interactions

After Smart Grid:

Two-way power flow,

multi-stakeholder
interactions

Adapted from EPRI Presentation by Joe Hughes

NIST Standards Workshop
April 28, 2008
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cloud-based system

integration of renewables

energy demand

money savings

reduced waste
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Optimal power flow -
stochastic
optimization"-.\ )

Grid frequency with broad distribution
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Uncertainties in future
energy systems

Polynomial chaos expansion
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Electricity markets

Energy-intensive
process

Optimal production
sghedule
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lexible load

Wind power
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@ A O Intelligent industrial load

Distributed photovoltaic
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Virtual power resource lradlng blockchain

UPS power supply \ Intelligent residential load
—

I-_—-H. Energy storage

-

Distributed gas turbine

Conventional power generating units
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Day before Time of
delivery delivery

Energy BRP
schedules imbalances

Bal%nce Responsible Parties (BRPs)

- S v e o

1
Balancing Planned ’ 3% oo 3 :
‘. Balancing capacity e ] Balancing energy & Bﬁlanc‘l‘r?g imbalance
capacity market 4 e market = et costs
pac g i costs balance N\ y £ costs a
( - e = S =2
T System Operator (SO) QE,
- I g !
= | : | &
, Qg’ -
Balancing lf)’r:;cucr_ere‘d Balancing 2 ID_rcicu‘red
capacity bids 2 n ing energy bids b balancing
capacity o= energy
‘ A . - - -
\ Balancing Service Providers (BSPs)
= | E
|( Balance planning ) |1( Balance settlement

Balancing service provision

Est 1915
AMEV




£

'
o

/
\/,'v\

AMEU/SAIEE Webinars | August 2022

Thank you
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