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TECHNOLOGIES.

The Smart Spaces Makers

Smart electrical networks

a modern usage of obsolete grids
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Outline of today’s lecture (1/2) vz

e Electric grid infrastructure and components

e Production energy: from turbines-alternators to power

« Historical sketch (AC vs DC)

e 3-phase systems: technical features, advantages,
measurements

o Meausurements for mono and 3-phase systems(Voltages,
Currents, Phases)

« Power Distribution from High to Low voltage (transformers,
protection relays and other main components, loads
classification, phase shift)

e Actual grids: European and Italian standards
« What makes old grids obsolete
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Outline of today’s lecture (2/2) vz

e Smart Grids

« Key concepts (what “smart” means?)
« Smart devices (meters, sensors, controllers)

o “Smart” features (remote controlling, self healing, adaptive
power routing, optimized power usage, local power
generation)

« Key strategies for power saving

e examples
« importance of remote mainteinance (video)
« self healing
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Producing electric energy @ VZr

« Electrical energy is not present in nature in
significative amounts

« Easy to create, transfer and convert

. Generator
Primary sources: Ié,.; ==
/ I “Pr"
-Coal Stator / J | == H [f
_Oil Rotor =3 r_j;?"r_f’é?ﬁor Shaft
-Gas |/ &L \1T urbine

Ko il 1A
) - Wicket [ \.—;.‘ ’:./“‘g
Nuclear ,::> Electrical energy ¢ ﬁ’ 4

-Biomass & Waste

- Hyd ro Turbine Blaaes
-Wind
-Solar Kinetic energy
-Geothermal Energy Grid :|,> Lights
Heating
ecc...
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History: AC vs DC © <l

P

Nikola Tesla Thomas Edison
1856-1943 1847-1931
AC inventor DC inventor

e Economic challenge of the XIX century
o Related to the second economic revolution
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History: AC vs DC © V<l

e Direct current V. I
. constant current and Voc
voltage amplitude and Ipc
direction (polarity) 0 .
« devices work with DC

« produced by dinamos
« easy to store in batteries
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History: AC vs DC

e Alternating current

« current and voltage are
sine waves at constant
frequency

e easy to produce (using
Alternators)

« Voltage is easy to
increase and decrease
(using tranformers)

e easy to transform to DC
(using Rectifiers)
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Definitions and calculations vz

e Measurement in AC

v(t) = Vieak - sin(wt)

w=2nf

i |

1 - Amplitude (peak)
2 - Peak to peak
3 - RMS value

4 - Wave period
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AC for energy distribution © V< |

e DC current suffers high power dissipation

e P=V*]|

« Metal conducting wires have an almost fixed electrical
resistance

e Power loss is given by Joule’s first law and is
proportional to the square of the current

QxI* R

Low-current, high-voltage transmission is the best
way to transfer the power
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Three phase systems (1/3) © ey

e Three-phase AC became the most economical
transmission method

e Use of three conducting lines carrying alternating
current voltages that are offset in time by one-third of
the period

10 Phase 1 Phase 2 Phase3
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Three phase systems (2/3) ©ver

TECHNOLOGIES

« Three-phase symmetrical Y configuration -
balanced system
 Three mono-phase generators L,
(same frequency)
e Three main advantages * Ls
e conductors optimization Neutral (optional) |

e |ess power loss N .
P Delta configuration

« easy production of rotating . L,
magnetic fields

.
-
J
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Three phase systems (3/3) I
@
« delay between phases has the effect of giving constant
power transfer
« for symmetric and balanced systems at time t:

e sum of all concatenated voltages is 0 for A configuration
« vector sum of voltages of the neutral point is 0 for Y configuration
e sum of currents from each phase is 0 (neutral can be avoided)

e measurements are sums of
monophase values

o e.9. Pis=Pi+ P+ Ps
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Electrical grid (1/2) o=

« production network: generation and high voltage

transmission

 distribution network: medium and low voltage

distribution

e based on voltage jumps (transformers)

HV = 60kV - 150kV
MV = 1kV - 30kV
LV =50V - 1kV
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Electrical grid (2/2)

Q) |
=200 MW ydro-Eloctric Plant

r
Extra High Voltage
265 to 275 kV
(mostly AC, some HVDC)
=150 MW L [ ]

Medium Sized
=30 MW
Industrial Power Plant O E Power Plant
‘ 110kV and ug
Factory )
O Distribution Grid
Low Voltage E
up to 1

ieees| R

@ @ @ @ =3 MW Pows:‘;lanl

— - substations = "’CQ';W ‘ ‘!nduslriaI-
vy : ‘ I

YN
2
v Bl
ey
@ Wind Farm

Qv I’

)

Two interfaces: HV/MV and MV/LV

Bidirectional jumps of voltage (step-up and
step-down)

HV and MV substations are grid nodes

Presence of protective relays stops fault
propagation and damages

Energy routing is influenced by circuit
breakers state (switchgear)

Branch A Panel A L% Panel Panel B Branch B

; ; CB with Relay

Wt L
Transformer
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Transformers

e Used to step the voltage up or down

Primary Secondary
winding winding
N, tums N, tums

Primary —— Magnet;j
curent | , Fluy, ¢I< — -,
= F _:l \ Secondary
'y . — P I, cument
—i= 1 e
Primary —— { /' +1
voltage N
V. —— {
_l: . Secondary
= P voltage
o f = K
== i {
_\_ I -
N Transformer /
— e

across the ends of the coil

Changing magnetic field within a coil of wire induces a voltage

The right transformer can step the voltage with high efficiency
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Protective relays °© v

c

)

A Relay is an electrically operated switch

Desighed to calculate operating conditions on an
electrical circuit and trip circuit breakers when a fault is
detected

Well-established, selectable, time/current (or other
operating parameter) operating characteristics
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Loads classifications:

e Active loads are resistive and use real

power .
'!,“P;* — ers]rms - COS &

Passive loads are inductive or capacitive and
use reactive power (not only)

Q = Vimslsms * SEN ¥ /

>
/ : :
1 1
1 1
shift ! !
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Phase shifts ©@vzer

« Phase jumps happens in many cases:

« flow through an inductor or capacitor

e occurrence of a short circuit fault

venerdi 3 maggio 13



Reactive power © v <

« Apparent power is provided by the energy supplier
® PApparent= PReaI + PReactive
« Real power actually performs the work

e Reactive power mantains the electromagnetic field of
components (and is not effectively consumed)

e If a certain amount of Pr is required:
« strongly reactive power line --> more Pagarent IS Needed

« What is Reactive power?
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The water tower example (1/6)

e Analogy to explain the reactive power

The water tower

suppose a water tower and
men that have to bring the
water to the tank by
climbing ladders. After
emptying their bucket, they
return by another ladder
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The water tower example (2/6)

Climbing ladder = Electricity line
Number of men = Voltage

Amount of water for each man =
Current

Amount of water added to the tank
per time interval = Frequency
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The water tower example (3/6)

Energy = Voltage x Current
Real power = height of the tower

If the tower is high (high power), there
are two solutions to keep the
frequency:

- using more man (higher voltage)

- increasing the amount of water each
man carries (higher current)

[ TECHNOLOGIES ]
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If there are three ladders?

Three phases i
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The water tower example (5/6) Vs

Reactive power = width of the tower

Conseguence: the lenght of the ladder
(apparent power/voltage) depends on
the height of the tower (active power)
and the width of the tower (reactive
power)

The higher the reactive power, the longer
the ladder.

If the same voltage is kept (same amount of men on the ladder) each man has
to bring more water to keep the same frequency
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The water tower example (6/6) Vs

e If a manis carrying more water (higher current) he
will lose some along the way. More reactive power

means more losses

« If the reactive power is so high that the men have to
carry really a lot of water, one of the man could
collapse --> the other men have to carry even more
water --> if no support from new men is given, the
system risks to experience a complete breakdown
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International standards OVEr
€

W 200v.50H: [} 100V, 60Hz I 100V, 50Hz
W 220v.50H: [ 10v,60Hz  [220V,60Hz [l 110V, 50Hz
W 230v,50Hz [ 115v,60Hz [ 230v,60Hz [0 115V,50Hz
240v,50Hz [l 120v,60Hz  [O] 240V, 60Hz

B 127V, 60Hz [ 127V, 50H:z

 Italy: three-phase voltage of 400 volts and a single-
phase voltage of 230 volts (frequency 50 Hertz)
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An obsolete grid... v
€ i
e Old and Outdated

« Backbone is not ready for intermittent
power sources (solar and wind)

« Disproportionately coal-friendly

« Politicis used to influence energy
management
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Evolution to SMART GRIDS @ver

C Y
« A network of integrated microgrids that can monitor and
heal itself

 Internet experience applied to the electric network

e Supported by EU by the 20-20-20 directive (to be
accomplished by 2020):

A 20% reduction in EU greenhouse gas
emissions from 1990 levels

Raising the share of EU energy
consumption produced from
renewable resources to 20%

A 20% improvement in the EU's
energy efficiency
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An equipped network

Qv<=r

TECHNOLOGIES

S M A RT G R l D Smart appliances

A vision for the future — a network Can shut off in response to

Demand management

of integrated microgrids that can frequency fluctuations
monitor and heal itself.

Use can be shifted to off-
peak times to save money.

Solar panels

schemes in microseconds.

Execute special protection @

Detect fluctuations and
disturbances, and can signal
for areas to be isolated,

%, Disturbance
in the grid

__Storage i
Energy generated at off-
peak times could be stored
in batteries for later use,

-

Generators ’

Energy from small generators
and solar panels can reduce
overall demand on the grid.

Wind farm

-

mf L

) Industrial
plant

Central power
plant
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The technology behind...(1/2) © v < |

e Use of modern equipment for:
e Sensing & Metering

« Advanced microprocessor meters (smart meters)

« Wide-area monitoring systems [ Compass &

L1 L2L3E

e Dynamic line rating

« Electromagnetic signature measurement/analysis

« Time-of-use and real-time pricing tools
m

e Integrated communications

« SCADA (Supervisory Control And Data Acquisition) " | Al
« Ethernet and industrial bus protocols | A ;-.- i
« Wireless communication over Gprs/3G/4G 06 o0
« GPS positioning R —
« Powerline
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The technology behind...(1/2)

e Processing

e Real time capabilities
Distributed optimal decision protocols
Artificial intelligence programming techniques

Support for monitoring
Transmit and organize data

e Storage and management

e Data servers
e Offline data analysis

« Storage facilities | s

« Renewable generation

o Wind turbines and solar cells

Ultracapacitors

-fast charging

-fast decharging (on
demand)

-100% re-usable
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Smart grid features (1/2) © v < |

e Reliability

« Fault detection and self-healing of the network without the
intervention of technicians

e Short circuit faults
e arc faults

e Remote control

« Flexibility in the network topology

« handle possible bidirectional energy flows, allowing
distributed and intermittent generation
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Smart grid features (2/2) oz
o Efficiency

« demand-side management

maximization of local power generation usage

flow control

Load adjustment

Peak leveling

Time of use pricing
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Example video

e

Remote control decreases risks

Ov

)
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Energy consumption: considerations © vl

e Reactive power has to be as less as possible

« Energy providers make the user pay the inefficiency of its
power line

« Phase shifts need to be compensated:
« Energy provider side compensation (price on the bill)
e User side compensation (price on the equipment)

Smart metering can help to understand the amount
of reactive power that is effectively present in the

user building
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Energy saving: reactive power vl

« »
e Capacitors can help to reduce reactive part of power

Without Capacitor

-n ;.ﬁ

lAlc

100

Utsay

With Capacitor

2001

ity Motor Capacitor

e A good knowledge of an energy network can help choosing the
right size of the capacitors
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Energy saving: reactive power © v
s

Cambia Intecvallo Tomporale

E m__

Suddivisione tra Potenza At Pot Reat tenz t
,,,,, |
} ‘094692.‘
; ég;&w 4887434.57
22:58:53

« Dynamic compensation is possible (with multiple capacitors)
whereas the phase shift is highly variable
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Energy consumption: considerations @Vl

 TECHNOLOGIES

« Consumption peaks should be avoided as much as
possible (bet how much do you consume):

« industries cannot experience blackouts

« price for a consumption limit threshold (pass it means to
pay a fee)

« energy management should choose it very well

Smart metering can help to understand the
consumption per device and the total amount of

needed power
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Peak leveling-shaving evzer

P

Consumption needs to be always under the threshold of
supplied energy

Storage in batteries is an opportunity when consumption is not
uniform during time

Energy supply
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Load leveling
€

always under the threshold

possible

Load curve

I

\,J;J"G o 12 1
21 0

Eneorgy supply

5 18 21

OQvv=zsr
[TECHNOLOGIES]

 The load appears constant from the provider side and

e Energy provided per time can effectively be as low as

D
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Energy consumption: considerations @Vl

 TECHNOLOGIES

« Local power generation usage should be maximized

e Over-production is usually sold to the energy provider

e Periods of high usage can make the user buying its energy
back (loosing money)

e Microgrids should be autonomous as much as possible

Smart systems can help to understand the
relationship between user consumption and
production, suggesting a consumption schedule
which prefers usage of power generated locally
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Self healing example: the network

« Medium Voltage Network

« 10kV power lines

o interface with High and Low Voltage areas

« ring of substations (tipically 11)

« current flow in and out substations

e switching capability

e double powered

« double current flow (converge to a middle point)
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Self healing example

« Medium Voltage Network

J< )L >L e . r‘:‘;«i‘ e
10kV Power supply —— j \ \ \ &——— 10KV Power supply . (Y ) ,
lll ||l, - =
:.".,“.;:...".).mﬁ@“‘*“ e il
N
5 el Digital I/Os
Tb ]
T P |
(T s \‘\ i
D O~ T il
I_\ In In \ . ||| .‘i" ‘Luj P e
& &K P =

Medium voltage
substation

Up to 5 panels with
Circuit Breakers

Optional connections
- Low Voltage area

- other rings

Remote Termina Unit

Remote controlling via

GPRS
Communication with

- other RTUs
- other controllers

venerdi 3 maggio 13



Self healing function (1/2) 0V

o« Automatic re-closure in case of Short Circuit

 Automatic localization and isolation of the Fault location

« Re-organization of the network after isolating the faulty
area

« Completely distributed

« Uses directional fault indication of smart meters

e Uses small communication between RTUs

« Considers concurrency in case of double detections

« Exchange of messages uses a Publish\Subscribe
communication method
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Self healing function (2/2) © v <

e Advantages

e Reclosure of the network in about one minute instead of an
hour

« Allows having a working network during maintenance
periods

e Does not affect real-time performance of the RTU
e Reports events to help the maintenance procedures
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Short Circuit Fault description (1/3)

ik

2 —(@—/ A l/ls«: _X\_"’Q)_ 8
S =
A |
_qJ LIO_—
3 | % RSO
| y_l |
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Short Circuit Fault description (2/3)

Half of the ring has
no power anymore

h,

2

e :r‘“—ﬁ%%#ﬁ
_@,_/\,&_—QJ hi Lp_—»:¥@— 7
9
L
_r\g)_/)e_q‘] (D |6
—a 'l =
1
—ot! bo—
% ﬂ\—@' 5
—f__ B

OQv=sr
[TecunoLoaies]
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Short Circuit Fault description (3/3)

(

[
In
.................. N ,%,. '
L The
s @A L -
I y F'O_'
I_? = o
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Localization method

= e o | s Directional Fault Indication (DFI) has output:

(i} (1)—+4 > -1shortcurrentis incoming to the panel
NEI Side A ("E' SldsB 1 short current is outgoing from the panel

N
(550
oy
\

S

How to find the fault location?
2 NEI: Near End Indication (local DFls)

2 FEI: Far End Indication (remote DFls of Neighbors at side A and side B)

RMU 1 RMU 2 RMU 3
i o SIDE A - = SIDE B v
- A \ v 5 ,-/ \‘n 3 \\ . L \\I g \‘! S
— el Pl - —
/FEI Side A NEI Side A NEI Side B% FEl Side B
| indication indication |
sending sending
F - .-
(=N Ay =
=y r ) N
K./'! l\\-j \\.i}
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Localization method Over

 TECHNOLOGIES

sEa | ——p —p | smes Directional Fault Indication (DFI) has output:

T ‘ =
-1 short current is incoming to the panel
1 short current is outgoing from the panel

5 3 T S
- —A\-l}—._.l_‘ i B .
— o

NEI Side A (NEI Side B

How to find the fault location?
2 NEI: Near End Indication (local DFls)

2 FEI: Far End Indication (remote DFls of Neighbors at side A and side B)

RMU 1 RMU 2 RMU 3
55 g SIDE A o o SIDE B =
- \\. /‘ \.,\ ’__.-' S o ’/ \‘. (/‘ ~\. st e r‘\"‘ ',’ \\' e
——" Lo — {4 - _f\___ DR
/FEl Side A ——{ NEI Side A El Side BE———— FEI Side B

indication indication |
sending sending

"/‘ ::\\ l,/"- \\ '/"::\

¥o:-x r ) ¥

W \ / \ /

N’ -

Neighbors exchange their DFI on every fault occurrence
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Directional fault indication

RMU 1

- —p
@ O

SIDE A

RMU 2

—¥ —a A
o ov,

/FEl Side A

=
=
\_/,

SIDE B

e Case 1: short circuit on side B of the unit

RMU 3

Al

NEI Side A (NEI Side B

>

FEISide B/

Gy
Naloas”s

R

« Case 2: different short circuit on side B of the unit

" —
— ../ _@FI\',‘_,_,‘ ‘1)—/"/.

RMU 1

SIDE A

/FEI Side A

SIDE B

RMU 3

sl

’RMU 2 >
oS org

NEI Side A (NEI Side B

o Case of short circuit in the LV area

RMU 1

SIDE A

RMU 2

!_.
~ L) ()

/FEl Side A

SIDE B

‘_\
/_(_l‘.
FEI Side B

D

RMU 3

NEI Side A (NEI Side B

=) F
FEISide B/

~ |
Ao

(
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Message exchange over

Close_All_CBs Close_All_CBs

OpenFarEndCB \I/

A RMU 1 B A RMU 2 B A RMU 3 B A RMU 4 B
S G £y el & Ta R g a e
W LNt ) = [ 5 | B -4 —
A r Vs 7
| DETECTION |
7 o -~ A -
oy N 7Y N
& ~ = (~
\\_/) \\_-/) \\-,) \v'}

« Ring Main Unit 2 becomes starter of the reclosure procedure
e Opens its CB on the faulty branch
e Orders the neighbor on the faulty side to open its CB on that side

« Orders to close all the CBs on both sides (to change the middle point)
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Message exchange

(

Close_All_CBs Close_All_CBs

OpenFarEndCB J/

RMU 1 B A RMU 2 B A RMU 3 B A RIU 4 B
\ V. 2N ~ s i T \
C I ..) ah O_/‘ > Qx)_rt} () | C
p S i
J[ DETECTION ( y (
| | | |
"o ( } ) X
) % ® e

« Ring Main Unit 2 becomes starter of the reclosure procedure

Opens its CB on the faulty branch

Orders the neighbor on the faulty side to open its CB on that side
Orders to close all the CBs on both sides (to change the middle point)
Ring Main Unit 3 shares the faulty branch with Unit 2

Opens its CB on the faulty branch after receiving the order from Unit 2

Manages the request of closing all CBs (sends it again if it has not open CBs)
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Message exchange

(

Close_All_CBs

Ov

DETECTION

|

®

YV

/‘C:N:U ; \ B A {/-\l RM:.I 4(,—\ B
V
: E
0 -

« Ring Main Unit 2 becomes starter of the reclosure procedure

e Opens its CB on the faulty branch

e Orders the neighbor on the faulty side to open its CB on that side

e Orders to close all the CBs on both sides (to change the middle point)

e Ring Main Unit 3 shares the faulty branch with Unit 2

e Opens its CB on the faulty branch after receiving the order from Unit 2

e Manages the request of closing all CBs (sends it again if it has not open CBs)

« Request of closing all CBs stops propagating when a open CB has been found

* N.B. Request goes on both directions from the fault detector

L
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Concurrency (1/3)

(

Close_All_CBs

OpenFarEndCB \I{

A

DETECTION (

DETECTION

RMU 4 B

|
a/[ T OpenfarEndCB |

U 0—

ol

e Double detection of the fault

» Starting of two symmetric message exchange schemes

e Could cause incorrect network states

Close_All_CBs

Close_All_CBs
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Concurrency (2/3) ©v=sr
)
Close_All_CBs C M CBs
| )
T ewmm ]l e e : ATy ) o e |
‘[/ DETECTION ( DETECTION ( (

» Double detection of the fault

» Starting of two symmetric message exchange schemes

* Could cause incorrect network states

+ Key point: detection is always faster than communication
« Detection state modifies message management

* Symmetric requests between detecting units are ignored

Close_All_CBs
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Concurrency (3/3)

»

Close_All_CBs

£
Kt

RMU 1

|

|

)
g
/

DETECTION r

0

0

e Double detection of the fault

Y

DETECTION (

Big

7

» Starting of two symmetric message exchange schemes

e Could cause incorrect network states

» Key point: detection is always faster than communication

e Detection state modifies message management

* Symmetric requests between detecting units are ignored

Close_All_CBs

e After solving the concurrence, research of the middle point works normally

e Each unit sends the research message on its side sub-network

OQv=zr
[SEcHnoLoaEs]
A RMU 4 B
O
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Rodolfo Pallotta - Over Srl

tel: +39 06 80368933 @ V, —: I-

skype: r.pallotta.over TECHNOLOGIES

. The Smart Spaces Makers
r.pallotta@overtechnologies.com ’
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