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Think then Act

Definition of intelligence
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Smart vs. Intelligent

Knowledge + Practice +
Skills

WISE PEOPLE

SMART PEOPLE

g

They are aware of their weaknesses
and stay humble to learn more

They are aware of their abilities and
are confident in them

(® Lifehack
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* A person who is intelligentcan learn new
concepts effectively and fast since he/she is
good at understanding things.
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* Someonewho is smart can be introduced as a
person who uses his intelligence effectively and
practicallyin day to day context.

Smart Systems vs. Control Theory

Smart Engines

ALGORITHMS

-

F

RCHIN
LEARN

;

System
input

Measured
error

System autput

Reference +

Controller

Measured output

Sensor

measurement

HIH‘““ Fracess |
N,

Qutputs ~

isturbances




20/10/2019

What is Smart Grid?

Electricity Grid

A network of transmission lines, substations,
transformers and more that deliver electricity
from the power plant to your home or business.

Cost of Operation

Operational Efficiency Quality of Service

SMART GRID

Wind Power Plant

Wind Power Plant

Carwswsns

Underground Cable,
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Cities and Offices
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Geothermal Energy

ficesrione clant Thermal Power Plant
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SmartHouses g B

Electric Vehicle

Smart Grid Challenges and Opportunities

.
A
Thermal hhi ‘
Power Plant ,

+ Metering

— Bidirectional metering, testbeds...
« Sensors and automated control

— PMUs, time synchronization, distributed sensors...
» Smart Grid architecture and operations

— Research/modeling of grid stability (load/generation)

— Microgrids, ...
+ Power Electronics
+ Electromagnetic Compatibility/Interference
« Energy Efficiency
« Integration with Net-Zero Buildings
« Cybersecurity
+ Electric Vehicles/Storage
+ Communication protocols
+ Testing and certification activities, many others

Smart

[hjj Industrial Plant

/ Cities and Offices
i

/ .
o vﬁ\ > Grid \ Smart Houses
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Nuclear

- DECENTRALIZATION
A

ELECTRIFICATION 1

Critical to long-term carbon
goals and will be a relevant
distributed resource

Key technologies:
Electric vehicles,
vehicle to grid/home,
smart charging, heat
pumps

DIGITALIZATION

Allows for open, real-time,
automated communication and
operation of the system

ﬁ Electric Veicle

Makes customers active
elements of the system, though
requires significant coordination

Key technologies:
energy efficiency,
solar PV, distributed
storage, microgrids,
demand response,

Key technologies:
Network technologies
(smart metering, remate
control and automation
systems, smart sensrs)
and beyond the meter
(optimization and
aggregation platforms,
‘smart appliances and
devices, I0T)




20/10/2019

Centralized
Homogeneous SCADA Heterogeneous SCADA Control
Macro-management Layer
= = N i Distributed
53] s gigi Control
25| £ LN FEFL
< '§ g 5 |& Smart meter Micro-management Layer
]
; Smart Transformer Smart RMU
HNAE
28|88 % | # |
£ £ |33 g
HELLEEIERR MODBUS BACnet ZigBeeAP| Web services openADR SmartEnergy
§ § I (XML,JSON, RSS/Atom) (SE)
g it 5[5 { 3G ~ NB-loT ~ LoRA  ZigBee  IeEso211ice | Zwave |
AESFE AR AR
26543
5|4 (93| 7 H
< 2 B © @
e Tr .
HE o
‘é’ g g Relay
IFIEIERE
P(1E[%]2 e
R s =
2|2 g Smart
S z 5 Switchgear
-
By«
H
g -’i\ Data exchange protocol Application Allow communications over
) T Web Services S |
3 g H
g : G |
2| Control Nodes P g |2 B |§
= . a 1. BACnet (IP) Building X X
c o | Control Protocols BACnet (MS/TP) X
2F 2. Modbus (RTU) Tegacy deviee X
T Modbus (TCP) c jcati X X
a 3. Web (c.g, XML, JSON, RSS/Atom) X x
4. ZigBee APL E ilding X
5. OpenADR Demand response X X
6. Smart Encrgy (SE) Smart grid X | %
Smart Metering Distribution Commercial & Street Lighting Renewables (
Automation Residential Demand Local Generation
Response
©@2017 Echelon




20/10/2019

Disruptive Change of Smart Grid PRE- AND POST-SMART GRID COMMUNICATIONS 1
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Consumers

Physical Layer Architecture 1

i
I
|
/ SWITCH GEAR is equipment that can bm L lagecsoners
used to switch high voltage electrical circuits ! it
i
i
I
I
I
I

Industrial

Residential

Commercial

Sub [oo000]
Transmission =]
Transmission Step-Dowr

Transformer

i

in and out.A ring main unit is a type of
switchgear. These are typically used at lower
voltage substations, such as 11kV.

Generation

* RING MAIN UNIT (RMU) is used in
Substation or in HV distribution such as sty
11kv and above its a ring system where if I A —
one line is failure or interupted the other will 8. o = 5
operate. SWGR is used as incommer in both 1 1 1 1

fin MV Substation Main MV Substation Main MV Substation

5

o

Main MV substation

Itermal MV ring

HT and LT systems as a incommer such as
ACB, VCB, MCCB, MPCB RCCB etc

MV

I
NC NC
Main Ly board 1] NO | main Lv 2

» *Compact secondary substations % % w
S *Wind power plants i_l' P j% j% h%_ Y Ly
"g *Solar power plants v L v oa ] rn
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Classical Enterprise Architecture Map

Power Grid Automation % ]
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POWER GRID AUTOMATION SYSTEM

Digitalization of Grid: Online Physical Layer

RF far inter-wire
communication

PLC for intra-wire
communication

= Distribution / Grid monitoring (Smart Grid)
« Harsh Environment Operation
* Goal:

* Proactive Decision Intelligence

«  Always Optimal Operation
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Digitalization of Grid: Smart Hub Autonomous Zone

Effective Zone ...........

Load Profile
Matching

Temperature

Parallel
Operation

Optimum
Operation

juawaseuep
dUBWIOLAd

Basically transformer is nothing more than
two coils with magnetic bond. However
demands for greater performance, reliability
and efficiency increased over time especially
after their wider deployment. Nowadays
transformers are complex machines with
optimized construction using advanced
materials and precise manufacturing. The
final result is high efficiency and long service
life of the device.

Failure
Control

Load
Management
& Control

Efficient Operation

Main problem are the losses in core. They are caused by
hysteresis and eddy losses. Magnetic hysteresis is phenomena
linked with all ferromagnetic materials. When some
ferromagnetic was used for conduction of magnetic flux
material becomes magnetized by retentive magnetism.

i (bnl (Dnl .

Parallel operation

Possible way for decreasing lost energy may be the use of
parallel connection. Two or more similar transformers
connected together have several advantages. First is economical
— lower losses transcript into saving money. The second one is
practical. When we have more transformers usually it is not
problem to turn off one of them for maintenance or it can serve
as a backup.
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Efficient Operation

Percentage Efficiency

Impact of Load on Effeciency
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Efficient Operation
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Transformer Efficiency depends on:
* Percentage of Loading
* Harmonic Order.
* Power factor.

Non-linear load has a negative impact on transformer

efficiency.

Significant drop

Efficiency (%)

In efficiency

15 9 1317 21 26 20 33 37 41 45 49 53 57 61 65 60 73 77 91 85 89 93 97 10

% Loading

«Energy
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Linear Load

<Energy
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% Loading
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Efficient Operation

*  Whatever the cause, these stresses will result in the
chemical breakdown of some of the oil or cellulose
molecules constituting the dielectric insulation. The main
degradation products are gases, which entirely or partially
dissolve in the oil where they are easily detected at the
ppm level by DGA analysis.

* Typical gases from faults are H2, CH4, C2H2, C2H6, CO and
CO2. Their relative concentrations show us which type of
fault did happen because each specific gas needs specific
temperature in order to arise.

Compound

Observed cause

2FAL 2-furaldehyde

General overheating or ageing

SM2F 5-methyl-2-furaldehyde

High temperatures

SH2F S-hydroxymethyl-2-furaldehyde

Oxidation

2ACF 2-acetyl furan

2FOL 2-furfuryl alcohol

Rare, causes not fully defined

High moisture
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Efficient Operation

HAL Tappings 3
side 4
Common

LV.
side

Winding
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Fig. 3.68 No-load tap changer

Efficient Operation

Parallel connection need to meet several conditions.

Here they are:

¢ Similar nominal load

Same voltage ratio of transformers

Same phase displacement

Same phase sequence

Very similar percentage impedance
Maximal recommended deviation is 10%

Ratio between them should be lower than 3.2

Pa

In

Po

R
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Efficient Operation

“Loss equivalent hours are the number of hours of peak load
which will produce the same total losses as is produced by the
actual loads over a specified period of time.”
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T 0 Tien T t
= i 2
Tin =3 f S(t)2dt
max 0
Hour | 5 Hour} > Hour| § Hour| § 800
[kVA] [kVA] (kVA] [kVA]|
1. | 3204} 13 | 940 L 195 || 13 [ 375
2| 290 |[1a_[1100 PRET] | NS
3. {280 4] 15 |1250 3 | 160 ] 15 | a95
4. 300 16. | 1220 4. 155 16. | 485
5. 425 17. | 1175 5. 170 17. | 470
6. 470 18. 930 6. 185 18. 380
7. 600 19, 865 7. 245 19. 345 }
8. 855 20. 745 8. 330 20. | 280
9. 900 21 835 ° 9. 370 21 335
10. | 870 22. | 755 0 2 4 6 8 10 12 14 16 18 20 22 24 10. | 35011 22. | 290 0 2 4 6 8 1012 14 16 18 20 22 24
11. [1000] | 23. | 540 Hour 11. | a10 |[ 23 240 Hour
12. | 950 || 24. | 380 12 ) 380 ]] 24 | 200
Technology Ramp Time Min. Run Time
tsuir'g‘i‘r":'cyc'e CEMELEEN  hoee i e minutes
Combined-cycle
i " X combustion turbine hours hours to days
Levelized Cost of Energy" (LCOE), is the average
. . Nuclear days weeks to months
price per unit of output needed for the plant to break
q q I Wind Turbine (includes inutes none
even over its operating lifetime. offshore wind)
Hydroeletric (includes it
pumped storage) minutes none
Op 0
Coal-fired combustion turbine $500 — $1,000 0.20 — 0.04
Natural gas combustion turbine $400 — $800 0.04 —0.10
Coal gasification combined-cycle (IGCC) $1,000 — $1,500 0.04 —0.08
Natural gas combined-cycle $600 — $1,200 0.04 —0.10
Wind turbine (includes offshore wind) $1,200 — $5,000 Less than 0.01
Nuclear $1,200 — $5,000 0.02 —0.05
Photovoltaic Solar $4,500 and up Less than 0.01
Hydroelectric $1,200 — $5,000 Less than 0.01




