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INDUSTRIAL REVOLUTION
INDUSTRY 1.0 £ INDUSTRY 5.0

1st Industrial Revolution |~ 1780

Mechanical production equipment base
on water and steam motion

The elegragph enabled instantaneous
Intercontinenél communication
Innovation in agriculture.

~ 1870

ﬂ - Electricity allows work division anthas production
V- First manufacturing lineHenry Ford (Ford Model
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| INDUSTRIAL REVOLUTION

INDUSTRY 1.0 £ INDUSTRY 5.0
~ 1960
- electronicandIT equipment
- Factory automatign

- Firstprogramale logical Controller Modicon PLC
(1968);

4t Industrial ~2010
ReVO!Ut'O” - CyberPhysical SysteméPS) bbjects ar

39 |ndustrial Revolution

Internet of Things, Cloutechnology

4
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INDUSTRIAL REVOLUTION
INDUSTRY 1.0 £ INDUSTRY 5.0

5% Industrial ~ 2017
Revolution Industry 5.0 is a future concept, starting a
closer humamtmachine cooperation, for
minimal production losses
Perfect synergy between machine work
performance and human intelligence
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CYBER PHYSICAL SYSTEMS

U Cyberi Physical System CPS) - USA launched concept (2006)

U Components: physical devices, computation equipment and communication
U Control, computing and communication convergence

U Applied to big and distributes systemi

C Power system applications Renewable Energy Sources, Energy efficiency, Critical
Infrastructure .

C Issuesto be solvedwith CPS

APowerflow control(realtime ?)

AStability control

AOperationsafety

APowersystemmodelling

AGeneratiorandconsumptiorefficency
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CYBER PHYSICAL
SYSTEMS

- Industry 4.0 and Industry 5.0 is the European CPS
- CPS and Industry n.0 is based on digital/numeric
technologies

e.g. National Dispatcher CPS approach

PS T~

SISTEMUL ELECTRO-ENERGETIC h
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1. DIGITALIZATION
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Timp (t) Timp continuu Timp discret
Amplitudine
(x)
Amplitudine A. Sisteme continue B. Sisteme cu
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1. PREREQUISITES FOR THE DIGITALIZATION
CONCEPT

Smart Grid
The gravity center of energy generation moves towards ecological/renewable resources

European/Continental globalization of electricity generation, transport and distribution.
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2. SMART GRID

ENERGY
MARKET

DISTRIBUTED
ENERGY SOURCEB
INTEGRATION

SMART
GRID

INFORMATION
TECHNOLOGY

___—7

INTELLIGENT
COMMUNICATION

GRID SECURITY
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2. SMART GRID T GOING DIGITAL

ENERGY
MARKET

DISTRIBUTED
ENERGY SOURCEB
INTEGRATION

SMART
GRID

INFORMATION
TECHNOLOGY

- Real Time Monitoring and Diagnosis;
- Real time flow control on all levels;

- Selfhealing grid;

- Consumer load control and awarene:

___—7

INTELLIGENT
COMMUNICATION

GRID SECURITY
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3. DIGITALIZATION PARADIGM IN THE
ENERGY SECTOF

CONSUMATORI

Retea de
distributie

GENERATOARE DE ENERGIE ELECTRICA
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3. DIGITALIZATION PARADIGM IN THE
ENERGY SECTOR

Digitalization isa newconcept enabling the energy field new goalDBR
Integration and autonomous operation of the grid

The digital energy grid brings closer and claser physical energy layer and
the cyber layer, through advanced communication infrastructure

The smart grid digitalization facilitatésgh level functions(e.g. reattime
power flow calculation, grid diagnosis, load and generation prediction and optimal,
adaptive dispatch) at the distribution and even prosumer level.

It bringsnew applications or development®f several technologie®MU,
FPGA, dynamic state estimation, fractional control, smart sensorstc

DIGITALIZATION OF UTILITIES T 20TH OF JUNE 2019 14



3.1. SMART GRID DIGITALIZATION PILLARS

DATA : Energy measuring and actuating technology

AUTOMATION and COMPUTATION POWER (data/information
processing and reéiime decision making)

COMMUNICATION (new fiber optic based infrastructure replaces
traditional copper wiring).

DIGITALIZATION OF UTILITIES T 20TH OF JUNE 2019 15



3.1. SMART GRID DIGITALIZATION PILLARS

- Measuring and actuating technology

4=

rm .
FOCS - Fiber-Optic Current sensor ) e

A
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3.1. SMART GRID DIGITALIZATION PILLARS

Computing technology for data/information processing:
- Big Data

- Data security

DIGITALIZATION OF UTILITIES T 20TH OF JUNE 2019 18



| 3.1. SMART GRID DIGITALIZATION PILLARS

— | | _ _ _
ﬂ J_ - _JJ" VOIP Communication infrastructure:
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5 f ' - M2M communication
Switch i # S Router
_ﬁ Firewall |
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| 3.2. REAL TIME GRID SIMULATION SOLUTIONS

o ——————— -

in|_

o
B

https://www.rtds.com/ ['% ——

RTDS i
{ ——

o o g

RTS e :
i o ed _ Solar Ay
Real Time Simulation Hardware Device Under Test
\ Power Electronics v

DC
[§ 14 i '

+ =4 aang l—l_ DA ¢ Crmea Lo ‘ AT T
AC PV Panel
Real time simulation

Power device under lest

el Fifer4 = AD Conversion F Vigitage and curment Sensors

HIL simulation
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https://www.rtds.com/the-simulator/

3.2. REAL TIME GRID SIMULATION SOLUTIONS

Controls and Faults -
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https://hvdc.ca/pscad/

| 3.2. REAL TIME GRID SIMULATION SOLUTIONS

Ly 7 Medid
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3.2. REAL TIME GRID SIMULATION SOLUTIONS

@ The reference for power systems transients h tt p S : / / WWW- e m t m Oftwa r e . C O m/

L — btk
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EMTP
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- 201 2
French 400-kV grid after a CIM import in the EMTP. 019 3


https://www.emtp-software.com/
https://www.emtp-software.com/
https://www.emtp-software.com/

3.2. REAL TIME GRID SIMULATION SOLUTIONS

SIEMENS PSS SINCAL

Feaa
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