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Outline

" An overview to G3 PLC specification

" Smart grid applications and the technical
challenges

" New application areas that are evolving
beyond smart grid such as automotive EV
charging, lighting and industrial automation.

® Standardization
® Conclusion
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G3-PLC specification
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“"G3-PLC”
Smart Grid Solution Summary

Complete PLC modem for the Smart Grid
(from the PHY to the Application layer) "  Application Layer
— Compliant ANSI C12.19/C12.22, IEC 62056-61/62
(DLMS/COSEM)or other standards used world wide

T COSEM Files
Interface model ®  Transport and Network Layer
— . :
appliation Layer fﬂircaﬁo" — IPv6 enaTbIes potential services: ?NMP, TFPT, etc
| FTp NP — Adaptation layer 6LowPan associates the MAC Layer
r— 802.15.4 to IPVe6:
-X— » * Compression of IP header, fragmentation, routing,
Transport Layer M:Igt authentication.
-t— "  MAC layer
Network Layer — Plug and play network management to choose “Best Path”
(Full Mesh Support)
SLoWPAN Adaptation sublayer — Time domain and collision management
MAC Layer e T — MAC Layer IEEE 802.15.4-2006
MAC sublayer — CSMA/ARQ
_ "  Physical Layer
Physﬁf"er — Support of internationally accepted bands from 10kHz -
490kHz (FCC, CENELEC, ARIB)
CPL media — Multi-layer error encoding/decoding
* Viterbi, Convolution, Reed Solomon and CRC16

*  8psk,QPSK, BPSK, Robo, Messaging Mode
* Adaptive Tone mapping, notching and modulation
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G3-PLC Data Rates and BER plots
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SNR (dB)
Frequency Band Typ Robo Typ DBPSK Typ DQPSK Typ D8PSK Max D8PSK
Data Rate (bps) Data Rate (bps) Data Rate (bps) Data Rate (bps) Data Rate (bps)

CENELEC A (36kHz to 91kHz) 4,500 14,640 29,285 43,928 46,044
FCC (150kHz to 487.5kHz) 21,000 62,287 124,575 186,863 234,321
FCC (10kHz to 487.5kHz) 38,000 75,152 150,304 225,457 298,224
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US Power line Topology

Communication over MV lines and crossing MV-LV transformers is essential to
building an efficient and cost effective remote meter management network
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Power line distribution network in US is mainly done through MV lines

US Electricity Network Topology:
—  Typically each MV -LV transformer provide power to 2 to 8 households in urban areas
—  Typically each MV -LV transformer provides power to 1 to 2 households in rural area
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Acceptance

OFDM based narrow band PLC solution has been
proven to be the most reliable mean of
communication in AC line

— Field results report from G3-PLC and Prime

OFDM Based narrow band PLC are being accepted by
utilities companies around the world

Increase investment by semiconductor companies
and system integrator.

Multiple standardization such as ITU and IEEE are
moving ahead to complete narrow band PLC
specification.
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Smart Grid and automatic meter reading
infrastructure

Ability to broadcast massages in high peak demand situations

Broadcast
over PLC
IP layer ) |
Service y == L J_zﬂ -\
request { bl
_ Conditional
action

depends on local
configuration

- -\-
Control PLC via M\ |
room Backbone Or Wireless " | : L;ﬂ e
Data
Concentrator Meters
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Smart Grid requirement

"  Meter Reading (AMR)
* Meter reading : Index and load profile

" Meter Management (AMM)
®* Meter reading : Index and load profile
* Meter configuration: Tariff and contract change
* Meter activation / de activation
® Prepayment

"  Smart Grid
— Peak Load Management and Demand Side Management
® Customer load control
— Load Management
® Energy loss measurement
® Qver load and phase balancing
® Micro production control
— Outage management
® Early information and recovery control
— Voltage and Quality measurements
® Line loss detections
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Requirements and Issues

" [P layer is used for Network Management to
transport data and energy management in
which categorize information into a coherent

structure for analysis.

" Communication, Authentication and Routing
are main elements on LV side.
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Four Node Plus Peripheral Nodes

HOP 0 - Routing from Ato B

“A” needs to have a
route to “B”

“A” broadcasts a “Route

Request Message”

asking for a route to “B”

Nodes “E”, “F”, and “G” are peripheral
nodes that have nothing to do with the
desired route generation, but react to the
routing process
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~ LOAD~Four Node Plus Peripheral Nodes

HOP 1 - Routing from Ato B

= The RED nodes have
received the “Route
Request Message”

—They store the address of “A”
in their “routing table” at the
address of “A”

—They store the “Route Cost” of
the path to “A” in their “Route
Request Table”

—They rebroadcast the “Route
Request Message” with their

“Route Cost” to “A” * The “F” nodes broadcasts of
" Node “D” has a higher the “Route Request
“Route Cost” than Node Message” wastes time on the
“C” Power Line
W AKX/

.
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Four Node Plus Peripheral Nodes

HOP 2 - Routing from Ato B

The RED nodes have received
the “Route Request Message”

“E” updates it tables and
rebroadcast the Route Request
message”

“B” receives “Route Request
Messages” from “C” and “D”

—“B” must wait for all
expected “Route Request
Messages”

—“C” is “B’’s address used for

the Path to “A” because the = Note: Node “G” never sees a

- Route Cost tO- A “U?’Ing C “Route Request Messageu

is lower than using “D v~ , .
because “B” doesn’t retransmit
the message
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~LOAD~~Four Node Plus Peripheral Nodes

HOP 4 - Routing from Ato B

= ”A” Evaluates the “Route Reply
Messages”

—In this case the path “A” to “C”
to “B” is the only choice

= Note:
—If “C” and “D” had the same
“Route Cost” from “A”, both
would have returned Replies.
Then “A” would chose the route
with the best route to “A”
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Routing Requirements

" Optimized routing maximized the
use of channel

" Reduce collusion
" Flow control within routing nodes

" Evaluation of using the routing
engine in Layer 2 or at layer 3.
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MYV Coupler Further work

11 to MV line

J1 F1 ct L1
D — Il 7 14
IN 0.008 uF C

12 T 9 X1
@ FV1 § E —_——C2 Fv2 § 9 <
19 e 2 0.015 uF B6351B1-ND3G-50

J2

to MV modem

g Capacitive coupling unit (CCU)
consists of a coupling capacitor and
filters designed to operate in the
Cenelec band

Primary rated voltage 24//3 KVRMS
Carrier frequency working range 35-500 KHz
Composite loss ~2 db
Nominal equipment -side impedance 75 Ohm
Rated lightning impulse voltage 125 kv
Partial discharge level 220 pC

Ambient temperature during Operati(-40°to +65°
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Automotive

" There are two approaches are being
considered

— PLC over Pilot line

Communication concept

— PLC over AC main

Customer

« PLC is top contender

@ '\\‘ ' Customer Interface

for EV-to Charger csu

Clearing _|
House |

® ®

Billing

(1) Connection cable (@) Power on
(2) Contract authentication (5) Transferring of metering information

@ Locking plug at EV and charge spot @ Billing of charge session

1) EV communication controller
2) Charge spot communication controller
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IIIIIIIIIIIIIIIIIII



Pilot Circuit with PLC Modem Test setup

EVSE VEHICLE
CABLE
R1 CONNECTOR vd
\ 4 >
SILICON

Voch

Vocl R2B
R ~<C1 == Cc C27< R2C

Trg Cable R2D

Tfg

Tsg

y \, y
4
UTILITY
/77 GROUND
NOTE: C1 REPRESENTS ALL EVSE PILOT LINE CAPACITANCE, NOTE: C2 REPRESENTS ALL VEHICLE

EXCLUDING CABLE CAPACITANCE. PILOT LINE CAPACITANCE.

Artificial Control pilot circuit from SAE J1772 standard Page-9.
The cabling between EVSE and Vehicle is modeled in the circuit above.
C1 = 330pF Cc = 27pF; R2 = 880-Ohm; C2 = 27pF

MAX2990 FCC modem with 390pF cap on transformer secondary is used for powerline
communication
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Modem Disconnected — 18Vpp Square wave
with 20% Duty Cycle

leswop .
i : : : o i O -283us €@ 109V
.. ...... . . . . . . . . . . . . : ..... . . . : O 341“5 0 10.1 v
: ; : j S T i A6G24us AZ00MY

- : 400Ms 25.0MS/s @
@ sSo00v ) 100K points  4.70V | . .
‘@D Rise Time  479.9ns 3Sep 2010
@D Fall Time 912.8ns 10:31:59
Save Save Save Recall Recall i‘ii'[gt'; File
Screen Image|| waveform Setup waveform Setup Setup Utilities

" |n this test the PLC modems were disconnected to measure the pilot signal (1 Khz) rise and fall time.
®  Rise Time =0.479 usec
"  Fall Time =0.912 usec
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Modem Connected, Communication ON — 18Vpp Square
wave with 20% Duty Cycle

Tekstep = @ -
: O —-283us € 100V
SR e 3d1us 101V
: A624us AZ00MV |
bW ey £ & e 2
i _ _¢;
L T A R .
L : : : __{400ps 25.0MS/s e 5
(@ 5.00V A )i 000 100k points  4.70V | .
@D Rise Time  819.8ns I 3Sep 2010)
@D Fall Time 1.933us - A10:31:08
Save Save Save Recall Recall g‘:i'ﬂg File
Screen Image|| Waveform Setup Waveform Setup Setup Utilities

In this test the PLC modems were connected and the communication was active during the pilot signal rise time measurement.
Rise Time = 0.819usec; Fall Time = 1.933usec

The rise and fall time with PLC communication active is less than 2usec.

Data Rate = 42-54Kbps.
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Modem Disconnected — 12Vpp Square wave
with 50% Duty Cycle

TekStop ===~ = ——————"———
(00 —283ps @  4.00V
1O 341pus ® 4.60V
A6241s AG00MY |

- : : |400ps 25.0MS/s @ :
@ 5.00V A ) 5 100k points  4.70V | . ]
@D Rise Time  507.3ns 3 Sep 2010)
@D Fall Time 881.6ns 10:33: 21
Save Save Save Recall Recall ’;‘f;'ﬂg File
Screen Image|| waveform Setup waveform Setup Setup Utilities

" |n this test the PLC modems were disconnected to measure the pilot signal rise and fall time.

u Rise Time = 0.507 usec
m Fall Time = 0.881 usec
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Modem Connected, Communication ON — 12Vpp Square
wave with 50% Duty Cycle

L N e |

(O

—283us  ©

4.10V

O 3d41us (B  4.70V
A624us AGOOMY |

‘@ 5.00V A

1'400}.15

25.0MS/s " WA

100K points 4.70 V

‘@D Rise Time  986.6ns 3Sep 2010
(@D Fall Time 1.604us 10:34:47
Save Save Save Recall Recall g;i'igtg File
Screen Image|| Waveform Setup Wwaveform Setup Setup Utilities

In this test the PLC modems were connected and the communication was active during the pilot signal rise time measurement.

Rise Time = 0.986usec; Fall Time = 1.604usec

The rise and fall time with PLC communication active is less than 2usec.

Data Rate = 62-74Kbps

viaxim
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Communication Test between EVSE and EV
with onboard charger

" There is “15dB more attenuation on high
frequencies

In the Vehicle Signal + Noise PSD Plot
T T T

Power Spectrurm Magnitude (dB)

MAX2990
EVK (TX)
> 240V AC AC > Car with Onboard
AC Mains EVSE Charger (16A)
DC
MAX2990
EVK (RX)

Frequency . 105
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EVSE Contactor Test

" Narrowband PLC provide low conducting
emission and contactor provides good
isolation between TX and RX PLC

Tek stop

[b]
© -24.8ms 0.00V
(b} 17.9ms 1.76 V

A42.7ms A1.76 V

: ‘Wf“ ‘H

In
1.00MS/s ®
100k points —40.0mv

13)an 2010
15:00:09

@ 200V~ B
@ reak-pPeak 11.4V
v

| @ RMS
Save Save Save Recall Recall A:'z'g['; File
Screen Image|| waveform Setup waveform Setup Setu| utilities
Tek Stop t t
(2] [b)
@ —24.8ms 0,00V
® 17.9ms —=16.0mv
A42.7ms A16.0mv

10.0ms 1.00M5/s - s
) 100Kk points  —40.0mvy

@ 200mv &
@ Peak-Peak 384mv 13 Jan 2010
@ rRMS 9.6 1mV 15:01:10
save Save save Recall Recall ':iifglz File
Screen Image|| waveform Setup waveform setup Setul utilities

TX signal
Measurment

RX signal
Measurment

MAX2990/MAX2991
Transmitter

o/o ‘

o o

Y
N

RELAY COIL

220V AC source
ON = Contacts Closed
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OFF = Contacts Open

MAX2990/MAX2991
Receiver




Communication Test between 100A DC
EVSE and Battery

" There are switching frequency harmonics in
the received signal spectrum.

(A A N N N S MAX2990 MAX2990
(‘ h Ji ‘ ARIB EVK ARIB EVK
of--- ‘ " )W f , ” H ;f\ ,r\l % (TX) (RX)
O S el
R WMM WM\ i M»Wd“ Il A\h ]
i | il
f RY Charger Battery
I ; -
Ty ]
[\, N
V JL‘A
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Communication Test between 250A DC
EVSE and Battery

" There are 50 KHz switching frequency harmonics in the
received signal spectrum. The harmonics are ~20dB stronger

than OFDM signal.
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" Application requires a point to point
communication.

" Channel receptive to switching power supply
harmonics, low frequency PWM signal and it
is frequency selective.

" |t requires a PLC device with low conductive
and emission interference.
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PLC For
Industrial Motor Control

3x 400V bus -7""” T -\r,::ur T -j’:imt

24Vbus

Today a typical installation has about 3 lines
For insulation:

400V AC and 24V DC power line as well as
communication bus

PLC communication is done via 400v AC Power Cabl‘,oew.er
Advantages : suppy §
1 Reduced number of components

1 No addtional wiring of bus lines necessary

1 No risk of hidden failure in bus wiring

(1 Reduces installation and startup costs

ETHERNET
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System Requirements

Fast response time alerting
anomaly. Response time
varies per application from 30
to 1 ms.

The ultimate response time
for PLC should be lower than
it requires for Programmer
Logic Control.

Data PaCket size are Sma” Fig. 1. Example of a Decentralized Installation Topolotgy.
from few bytes to a maximum
of 200 bytes

Low cross talk interference
Reliable communication
Master and Slave topology

MAXI WV
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PLC in Lighting Applications

" New features and functions can be added to an
LED luminaire using powerline communication
technology

— Enable dimming PLC

Variable Color Temperature&\

— Extended colors
— Adjustable color temperature

— Special effects
— Savings on installation costs “no new wires”

— Wider coverage than wireless On

— Transporting sensing information
®  With PLC LED luminaire can be positioned as a low cost, flexible, adaptive investment to end
users

" Application areas:
—  Street lights
—  Parking lots
— Airport lighting
— Building/General lighting
— Architectural lighting
—  Outdoor billboards and displays
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How dimming and coloring
works in LED lighting

100% Bright

« LED’s can be programmed to emulate
dimming by splitting the time cycle into - .
intervals of “On/Off”. T pected €0

50% Bright

* the LED receives the instructions from the
PLC controller and changes the length of the a 2w
“On “ cycle time accordingly

10% Bright

*PLC Packet can carry RGB massages in vo ore
multicast or broadcast format.

*Display moving picture by providing 30
message per second

*In some application PLC network can be
isolated form the main AC line allowing to
use unregulated frequencies.

*Point to point communication.

Time period (1)
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Powerline Communication
Standardization

Due to utility acceptances toward Power-Line communication and global
push for smart girds, multiple standardizations actively working for
defining a unified specification
IEEE P1901.2 initiative addresses the specification of PLC both MAC and
PHY between 9 to 500 Khz band.

— 25 companies are participating.

— G3-PLC Cenelec A and PRIM band are adapted

— Currently working on Main body specification.
ITU C.hmen initiative also addresses the specification of PLC both MAC
and PHY between 9 to 500 Khz band.

— G3-PLC Cenelec A, PRIM are adapted as Annexes

— Currently working on Main body specification.
Others

— |EC/CENELEC

— ISO/SAE
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Conclusion

" With recent field test results and deployment,
narrow band powerline communications (PLC)
technology provides the required performance and
cost efficiency for medium- and low-voltage power
grids.

" As PLC narrow band is gaining market acceptance,
new application areas are evolving such as
automotive EV charging, lighting and industrial
automation.

" PLC must overcome many new challenges to adapt to
these new applications where university and
research entities present and participation is
essential for success.
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" Thank you for your attention
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