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Smart Grids

Strong, Smart and Safety
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| Smart Meter & AMI
| Prepayment Using AMI
| Home Area Network
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The Intelligent Power System builds on

the Communication and Information
mawmengime  Infrastructure

. Executive Dashboards
T&D Operations — T&D Planning & Engineering
oNns H
EMS | DMS | “Pranning gggs;;m; Maintenance || psset Mgmt
SCADA DSM ' _
< Enterprlse Distribution Management
Power Procurement & Market Ops Appllcatlon GIS - OMS MWM
Planning & | Bidding & Trading & '
Forec‘astingj Scheduling || Contracts & Data CUStomer Services

Reslource : \n/ts‘r(atlvonv E Call Center -
- Settlements
Dispatch

5 Communications Infrastructure }

I
Substation

Automation Feeder
Automation |Advanced Metering Infrastructure

[
------
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Vision: Unleashing the Smart Consumer
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| Ultilize technology to bring behavioral changes (smart decisions & smart actions)
| These will lead to sustainable future & social wellness

Smart Grid Smart Consumers j‘f_ Semt;ugg\nders ! . Sma‘rlf2 :gg:i;n;e Government
Stakeholders m o ‘e
utility Companies Utility Vendors 1 P.EV Vendors
SMART CONSUMER HAN NAN | |[WAN

@nfrastructure for Smart Action Information for Smart Decision
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SMART METER & AMI
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Advanced Metering
rodosinsagane Infrastructures: Illustrated
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OKAY, I.L
BRING IT IN THIS
AFTERNOON

MY ) { YOU REFUSE ; ( Y25, 1007
- POWER BILL =34 |\ | d,ToPav I & N oy
15 OUTRAGEOUS! \#o A S

mo I REF’USE ‘;_b‘ " . N
\2)

1 TO PAY IT!! T d\

—
A o™
N o
—

B

\ ey,
N
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AMI - The Evolution of Metering
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Advanced Metering Infrastructure (AMI) is a communication network and meters

providing usage information at regular intervals (at least hourly) and collected at least daily.
(Source Utilipoint, 2006)

Capabilities

1 Measure electricity, record consumption, and meter event information electronically

Y

1 Remote connection and disconnection

] Tamper detection

1 Outage detection

[1 Quality of supply monitoring

1 Demand limiting

1 Communications interface to a range of devices like
- in-property display
» direct load control equipment




Smart Meter: Foundational

nslwdidugiina
’

'ROVINCIAL ELECTRICITY AUTHORITY

Future Vision:
Use technology to improve:
customer service

FUTURE operational efficiency

Smart

Home
\

DG; Self-heal;
storage | Self-sense

> Smart Grid

Real-time
Analytics

Central :
Automated| Intelligent
Dispatch

Operations y

Smart Meter \

msihaiugiiana
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Before AMI

Batch files

Forecasts and
models using static
data

Point of sale data
once a month

Flat, average prices

Customer
communications on
monthly bill

msihaiugiiana

The AMI Data Chasm

With AMI

e Real-time data files

e Actual, timely data used
in Smart Grid operations

e POS data daily

Time-based pricing
options

Customer engagement
through online data and
appliance controls

10



Advanced Metering Infrastructure
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Traditional Meters Automated Meter Reading (AMR) E Advanced Metering Infrastructure (AMI)

Demand
Meter Response/
Data Meter Energy
Transmittal Data Efficiency/
Transmittal Distributed
Generation

S
Sh
L 9N
g
\
iy
=4

E
§

e

§ o e = = e e e e e e e e e e e e e e e e e e e e e e ==
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Is AMI same As AMR
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_|/AMR is primarily focused on |_JAMI includes not only AMR, but,
the ability to collect data a system that collects time-
differentiated energy usage from

" |Primary purpose of AMR advanced meters.

systems is customer billing,

and reduced costs of meter _ Capable of providing information

reading. which enables utilities to provide
demand response products &

t ticipation.
__AMR systems typically CUSTOMErs participation

comprise of static meters _|System supports other

fitted with communication operational and customer
devices, communication service, e.g. outage management,
network (media) as well as connect/disconnect, customer
supporting software to load management etc.

manage the data.

» msihaiugiiana




AMI vs AMR

sl Business processes A;:gr;it;imigr Advanced Metering Infrastructure (AMI)
Meters - Electronic - Electronic with LAN, HAN, load profile and
disconnect.
Data Collection - Monthly - Remote using LAN communication, more
frequent
Data recording - Cumulative kWh | Half hourly so that dynamic prices can be
applied.
Business opportunities| Monthly - Customer payment option
consumption - Pricing options
based billing - Utility Operations
- Demand response
- Emergency response
Key business - Billing - Billing
processes - Customer - Customer information system
information - Customer data display
system - Qutage management
- Emergency demand response.
Customer’s None In Home Display, cost and environmental
participation consciousness.
Demand response programs
Additional devices None Utility controlled customer load
Smart thermostats / Compressor

msihaiugiiana



Smart Metering Systems
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Financial Investment/ Potential Return

AMR vs. AMI Capability

AMI
(Full two-way)

AMR Plus

Integrated disconnect
Advanced (time-based) rates
DG detection and control
Remote meter programming
PQ monitoring/ reporting
Home area network interface
Enhanced security compliance

Daily or on-demand reads
Hourly interval data
Outage notification

Other commodity reads

Automated monthly reads
Tamper reporting

Data aggregation

Load profiling

Meter diagnostics reporting

Operational Functionality/ Flexibility

msihaiugiiana

Stakeholders/ Benefactors

External Stakeholders'
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AMI Connectivity (illustrative

MDM Utility [§

Back Office + Adv. Billng

%
panasrenaneen’ ; seans s
.

Customer o ' @
Premise 1=
’ Remote
el @ ,Wireless Access
/ Solutions
I - ‘:- w
o AMI ™
o Meter \
Wired
- Solutions
Gas or H,0O
AMR Meters
?, msihaiugiiana

AMI provides increased network connectivity and
communications between the customer and the

AMI Communications Trends

» QOutage Mgmt.

Full two-way (bi-directional)

Near real-time data read/access
Higher bandwidth

Increasing number of
communications nodes

Robust Meter Data Management
systems to interface with back
office

Peer-to-peer mesh networks
Distributed generation control
Multiple backhaul integration
Device interoperability

Open communications protocols
Self-diagnostics and programming
Minimal network administration
Self-registry capabilities

Price signals to smart appliances
Meter as a premise “portal”

15



AMI Overview
AMI Meter Capabilities

Daily/Hourly/15 Minute Interval Meter Reads

Customer Move In/Out and Other On-Demand Meter Reads
Remote Upgradeability of Firmware

Interoperability

Radio Frequency (RF) Communication to Field Network Devices
Radio Frequency (RF) Communication to In-Home Devices via Zigbee Protocol
Connect/Disconnect Switch

Load Limiting Capabilities

Bi-Directional Metering

Interval Register Data

Voltage Readings/Power Quality

Outage Notification, Power Restoration, and Energized Meter Verification
Configurable Settings and Internal Clock

Diagnostic Alarms, Tamper Flags, and Outage/Switch Counters

45 Days Non-Volatile Storage of Data

Register Display

Support for Home Area Network, Distribution Automation, and Demand Response
Tamper reporting

nslwdidugiina

PROVINCIAL ELECTRICITY AUTHORITY

]

N s Y s D Y s O By IO A O

msihaiugiiana 16



nslwdidugiina

PROVINCIAL ELECTRICITY AUTHORITY

Iltem No. Feature/Functionality

Hourly interval data recording for electric
customers, depending on their rate. (Note
meters are capable to be programmed to obtain
15 minute interval data)

@ AMI Overview
’ Functionality of AMI System

Benefit

Enable innovative rate structures, e.g., Critical Peak Pricing (CPP), CPP
Rebate, & Hourly Pricing. Present customers with energy usage data. Provide
customers with improved response to billing & other inquiries. (Requires
integration with the meter data management system, customer billing system
and “My Account” web functionality)

Two-way radio frequency communication to
the meter

Reduce manual meter reading while improving accuracy and lowering the
number of estimated bills. Less intrusive to customers by not having meter
reading personnel in or near the customer’s home or business.

American National Standards Institute (ANSI)
3 certified 200A full-load remote disconnect
switch and on-demand meter reading

Enable remote turn-on/off reducing field visits and enhancing customer
service, e.g. faster and better scheduled turn-ons/offs.

4 Tamper reporting and diagnostic alarms

Enhance tampering detection. Detect meter malfunctions sooner and reduce
number of incorrect bills. Integration with the revenue protection module in the
MDMS will help the Company proactively reduce theft of service.

Configurable outage definition and time
5 stamped outage and power restoration
reporting

Enhance detection and location of outage causes. Provide outage notification
and estimated time of restoration information to customers as an optional
service offering.

Bi-Directional Metering, Net energy metering
capability

Enable innovative rate structures, supporting renewable energy sources.
(Requires integration with the meter data management system and the
customer billing system)

7 On-demand remote meter “ping” capabilities

Support move in/out process. Provide improved customer service by remotely
verifying that a meter is currently in or out of service, helping to alert the
customer that the problem may be on the customer side of the meter.

8 Web presentation

Includes the implementation and configuration of Load and Rate Analysis
Module, the development of a meter read relational database, and the
integration of the Load and Rate Analysis Module with this database and SSN
system to support web presentation of electric and gas consumption profiles.

msihaiugiiana
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Benefits Achieved
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| Meter Reading

~ Daily Readings for All Meters

~ Reduced Estimated Bills

~Web Presentation of Interval Data
| Outage Management

~ Using the Smart Meters to identify outages, verify power status and
confirm that power has been restored

' Revenue Protection

~ Using the AMI System to identify when meters are tampered with and
more effectively dispatch field forces where required

| Data Analytics

~ Using meter readings to support Load Studies, Power System
Planning, Maintenance Programs and Asset Management

msihaiugiiana
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Smart Meter Benefits

N

a‘!, Enhances reliability and outage detection,

and quicker restoration

Gives customers more control over their
everyday energy usage, opportunity for
lower bills

Improves customer service and allows for a
more proactive workforce

msihaiugiiana
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Smart Metering Benefits
; Customers have the information and controls to
nilwhsauglne take ownership of their energy usage

PROVINCIAL ELECTRICITY AUTHORITY

P
AvARcEaisatEs Home Area Network

Demand
Response

rrrrrrrr

TRIHE ) |

Load Control Devices
Automated Gas Reads

msihaiugiiana 20



Smart Metering Benefits

Integration of Consumer Systems with Grid
nslwdidugiina (o) pera tion

Efficient
Building

Internet

Customer Portal

Dynamic
System
Controls

Hybrid Vehicle

Smart
R S— Distributed Endyser
9 Generation Devices

msihaiugiiana



Paradigm Shift:
mwingame  CUStOMer Energy Management
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Time-shifting Electricity

45

m P
A\

35
Typical Summer Demand \
30 / / \

20

GWh

1 2 3 4 5§ 6 7 8 9 101 12 1 2 3 4 5§ 6 7 & 9 10 11 12
AM PM

«ﬁ” In-premise Network

Time of Day
AMI / Smart Grid

msihaiugiiana 27



AMI Components
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« Advance Meter
« In Home display
« Suitable two way communication system

« Network management system (NMS)

« Meter Data Management (MDM)
=l ()

Meter data management
systom

j Smart meter with
) inhome display




AMI Components — Advance Meter

nslwdidugiina
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Electronic meter with

TPRF

« two way communication, e
o @ @
- time differentiated registers -
= a7}

« price based demand
« connect / disconnect
« load Control,

o interface with In-Home devices.

AMI / Smart Metering with various

communication technology. ce wen

The products are 1Phase, 3Phase, CT/PT

operated meters.

2 .



7* AMI Components: In-Home Display
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A device which details the usage data in a graphical

and user friendly manner.

The in home display device can be connected to a

meter to create a Home Area Network via

~ZigBee communication device

HAN with communication between meter and In
Home Display Device

msihaiugiiana



Network management
v Sy StEm

ELECTRICITY AUTHO!

NMS is a combination of Hardware and Software

used to monitor and administer a network.

This NMS needs to be linked to the ERP system

What this system needs to do?

Manage connect/ disconnect

“Manage alarm, events and other notifications



Meter Data Management
ggﬁlwﬁﬂégﬁngg ( M D M )

VINCIAL ELECTRICITY AUTHO

_| The definition of a meter data management solution can vary based

upon the implementation.

| At a minimum, MDM provides a database repository and utility-specific

business logic to:

~ Automate and streamline the complex process of collecting meter data

fromm multiple meter data collection technologies

_ Evaluate the quality of that data and generate estimates where errors and
gaps exist
_ Deliver that data in the appropriate format to utility billing systems

_| The critical role of an MDM system is to pre-process granular interval

meter data at large volumes very quickly.
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Technical Architecture / Landscape

T | T
A
CIP
—
HEC

Y
DLC 1(P1E
GPRS
S
Mesh Radio
1(PME
___ N
S
Zigbee
3@
GPRS —
HEC
Gas
PLC
Z wave
. I
B2B links WIMAX DLC
Customer Web Access I
?, msihaiugiiana
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Smart Meter System Components

Detailed AMI Components Overview

Wireless
Broadband

Private or Public

Back haul
Private or Publi
Carrier
802.16

Q
<

Satellite

¥
%
Meter Data
Management
System/

Repositrory
(MDMR)

CIs

icensed or Unlicensed ; ( Integration Framework |
y I S celflilar | | '
802.11 GPRS
Meter Fiber Optic
Meters & Meter Local Are Networks Collectors/ Wide Area Netwo Bilng  Demand
Modules (LAN) Concentrat (WAN) “
Field Components Communication Components :::,:z,fz:tes

msihaiugiiana
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AMI system

nslwdidugiina
PROVINCIAL ELECTRICITY AUTHORITY
Engineering
Planning

and Design

) L 1L

Smart Meler

LI Y
111010101
LAY

CIS / Billing

: Remole Connecl /
@ @ lood Conlrol

Trouble
Center

Management

msihaiugiiana
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AMI/MDM Integration

nslwdidugiina
- Reduced outage )
- Better customer - Increased duration g - Reduced outage duration
perception crew and - Improved AMI - Increased crew productivity
- Reduced outage dispatch data availability Better customer satisfaction
duration productivity
Customer
Notification
i
Trouble | | Predict Dispatch Confirm Repair& | | Confirm
Call Entry Outage Work Outage Restore Restoration
g 3 >
Trouble | Outages Outage
Calls Mgmt
S SCADA/DA
t System
Outage R Data
Notifigation Commupication RestﬂlaﬁO"
(Last Gasp) Verififation Netyork Emerfency Verifigation
Outgges Swit¢hing

msihaiugiiana




MDMS Architecture - (Siemens)
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Best-in-class MDMS architecture

MDMS
(EnergylIP™)

msihaiugiiana
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The EnergyIP™ MDMS solution
mslwﬁﬂgﬁmn (SiemenS)
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Meter Data External
Local Area Network Wide Area Network Management System Parties
: lllllllllllllll
:
-
-

.'.'l'.'.'.-."..

o

EnergylP

-?o-.-u-uc.--

_“

l.l.'.l..ll....l.l.lI.I.l..Illll.‘..l.l‘II..I.....‘O‘.II‘I.I

?, msihaiugiiana
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The EnergyIP™ MDMS solution
mﬁlwﬁ'légﬁmn (SiemenS)
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Hosted MDMS
EnergylP Solution

AMI Comm

Util
Network ly

CcIsS
:; oMS
; Firewall
Sava S Firewall
SAN WFM
-+ — — - Raw Meter Data and Events
Processed Meter Data & Events
- — # VPN Access for System Mgmt GIS
& Administration

e Processed Meter Data and

Siemens System
Events

Mgmt &

Utility User
Administration

msihaiugiiana
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AMI Network Types: Hierarchical
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Systems

o EBEE BB
=] =]

Head-end
]

— 1 T
 omontors .

A NN AP AN &7

BoBé BoBse BoBS

msihaiugiiana
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AMI Network Types: Peer-to-Peer
nslwdidugiina

INCIAL ELECTRICITY AUTHORITY

Sl;tsitlzat;s
- =]

Head-End

Concentrator /

i\ Take Out Point i

AN
!

a
/

6= 5=
= = e

By, — 60— &
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AMI Network Types: Hybrid
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E B E = pEE

' ' 1 I I

=]

o \\\

Concentrators /
Take Out Points \
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(*) Hilly terrain limits the effectiveness
—mamgae @NA iNCreases the cost of Star systems

1AL TRICITY AUTHORITY

Star — Maximum Range

Source: MW Consulting - T

msihaiugiiana 38
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Mesh technology can be more effective
than Star systems in hilly terrain but

- distance between meters Is an issue

Source: MW Consulting

Mesh — Average Range

msihaiugiiana
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Optimize meter data
collection

-

- d

( Interfaces & Integration for multiple users )

Top down —( Forecasting )— Bottom up

Load

— Tamper
Outage
Weather
Power quality

El'\ergy data repositon'

( Integrated data validation )

|
( Meter data collection )

Meters

msihaiugiiana
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Database Server

Srorage

Database Server Workstation Workstation

.

Printer

Data Colection Server

low-voltage power line
OR
RS48S

= .

~ <

low-voltage power line

RS485

1

RS48S |
I il T T il

PLC Meters

—
I

PLC Meters PLC Meters

|
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(=)

Power Line Carrier GPRS
By Mobil
(PLC) Phor?e Oop;thor
: Data AIS/DTAC/TRUE Master
Single
Phase Concentrator Station Unit
Meter .
Unit (DCU) (Control Center)
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Master Station

Internet GPRS by
DTAC/AIS/TRUE

Web Access

msihaiugiiana



nslwdidugiina
PROVINCIAL ELECTRICITY AUTHORITY

700 — 1,000 weas




AMI Network - ZigBee
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" i *E
. "

&

#

S
2

Data Concentrator.
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[CEOCES

T
CWW040-1j
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Example of AMI Project
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control center infrastructure transformer stations households,
small industries, farming

1
I
I
i
1
: meters
1
1
I
i
1
)

I )
[ I
| |
{ i
I |
I I RTU functionality*)
I I of other
XML IEC 60870-5-104 { ! - modia’)
engineering E i I - | AMIS meter
OPM Il ; ' | ;
- | - | :?Sgalsmsmu ! o :,E: = % AMIS load-switching device
[ o
@ e — @ e : ..._.-‘T AMIS Is . load FO"I!O
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SAPIS-U : l | third-party device gataway
- I 4 I 1
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: AMIS | i o meters
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center { | |
AMIS E ™y flg S 1 AMIS load-switching dovice
: ‘ : i
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® = ® L [ ! ; AMIS
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| H : P media®)
I Mt |
! Fiber optics I I - | AMIS meter
= - I (IEC 61870-5-104) ) 1
.-l. > .. \[ : :‘ 1 ] =L : H H i
- \$/ . 1 1 - = 1 AMIS load-switching device
| ! AMIS H .
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Yp_ v a
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¥) Smart Grids Foundation:
imgma L@lFgest US Smart Meter Deployment

PROVINCIAL ELECTRICITY AUTHORITY

o . PGSE
~ Ubiquitous automated meter reading Smart

7 10 million meter upgrades by 2012

1 3.5 million deployed to date

~ Frequent meter reads

;: 1-210+ 34715 385
T
i 1003687856
PG&E N
SmartMeter .
IR

1 daily for gas

1 hourly or 15 minute intervals for electric

~ Embedded in-premise network gateway
device unlocks new opportunities

1 Customer energy management
1 Demand-side management
1 SmartCharging for PEVs

?, msihaiugiiana
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Secure customer access

Displays energy use by billing
cycle, month, or week

Displays daily hourly electric use

Customer service reps able to view
same graphs online

B Daily Energy Reportfrom ABCEnergy - Message (HTRL)
PEle G Bov (et Fymd Jock Abors Crirbys b
it | gbepoM prawed 3 0 3 ¥ S NX|e-w-n G sl

from  Waber o ADC Crevgy

B iy coaiored con
[
Sutiact [y Enargy Repot

il et doplage

] ABCeneqy

HY ENERGY HIGHLIGHTS
‘s energy cost: $1.69

My Eneray Cost Moreh 1o date

-

My Usage Yestarday Hou-by-haur

FACTS

Hom Do | Compare Da
Totsl daly cost: $14% 0
wge in my sip: 4223 b ™
ou 1
Total dally uzage! JokowH < 5
Averyge ity my 2p1 IkuH 9
. Pne 3N L
far v aude
Tepieal £3 & aru $78
per yoor. Click on
. “ o
“=gn up
J 4 b G

Sert:  Wed SM70000 BI0 AN

MY ENERGY SUMMARY

Name | Mary Jencs
@ccourk Mumbert wue-wan - 456

ABC ENENGY FEATURED OF FER

() Balance Savings & Comfort
(O Maximum Comfort

msihaiugiiana

48




nslwdidugiina

PROVINCIAL ELECTRICITY AUTHORITY

Energy Dashboard

[FE] hitps ffepoppoyrd 3:8080 e Meter COP /dashboard 2. htm v ] x |le -
Ble Edt View Favorites Tools Heb -
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Savings raport (+5%)

& Jain the Enerqy Smarts Team (+5%)

& Cheok the nate Analyzer w seo ifthere’s
4 bettar plan ror you (+5%)

Vigit Energy University to

2%

get ragre smarts
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Carbon Footprint
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File Edit View History Bookmarks Tools Help

- C' 0 (| [ fie:fiic:Chris's FilesiMarketing/Energy Engage Demojcarbonhr.htm 77 ~| |IG]-|texas tasp P &
| #3 cursor - Google Image Search | || Login | ] Login ) Greensill B | ) Greensn @] -
~

Selact language: _En_qli-:h— v Go}
I ABCeneou e
1 Home My Carbon Footprint Detail

' Reports |
- t < > Day | Month | Year |4
nergy Usage =2
Energy Cost -
Carbon Footprint = =4
40
. Rate Analyzer @
74 My Remote Home 2
q Smart Energy Team 30
é' Energy University 25 |
A Profile 20
8
£ subsciptions - 15
Special Offers 10
0s
Subscribe
ta Emnail

Notifications

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Day of the Month
Subscribe
to Phone
Alert _!I
21 1 e |
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Usage by Appliance
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File Edit Yiew History Bookmarks Tools Help

+ @ X @ (1) |He:iicichriss FlesiMarketing/Energy Engage Demojdashboard.htm 77 - | [Cl-]texas tasp PRy
| #J cursor - Google Imag... | | Login | ogn ) Greent ) Greentit - ) Greendill al-l

B9 WMNERZBUIBENT BRIANZ2DBASIBZA2B20N 1 23 +§5 87

Power Usage by Appliance

POWER <o
SAVINGS o
BLITZ
GET A FREE SMART
AND SAVE
BIG TIME!
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User Alarm and Alert
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|

ree - I X

Fle Edt View Higtory Bookmarks Tooks Help

- €@ 2 ¢y [ ) | Fessiciichrs's FiesMarketing/Energy Engage Demofprofile.htm 77 - |[G)-|texastasp Pl R}
| 3 cursor - Google Image Search | | ] Login L ] Login | ) Greensil | Greensill 5 r[:
(]

_F Select language: [Englisrh | _Go
‘ \BC& QLJ About ABC Energy | Contact Us | Hely

<1

i Home My Profile

&% Reports Personal Data My Subscriptions
Energy Usage

Name .
Energy Cost Ao Text Message Email
Carbon Footprint Energy Account Regular Notifications
ABC123456
“. Rate Analyzer My Energy Cost and Usage - Daily O O
~ Address
4" My Remote Home 123 Main St. Anytown, ST 94707 My Energy Cost and Usage - Weekly O E
ﬁ Smart Energy User ID
Team [SraaTorasuein | My Energy Cost and Usage - Monthly O ]
‘&. Energy University [Pﬂ',"“"d J Triggered Alerts
4 Profile Power Outage Alerts O B
O Subscriptions Budget Threshold Alerts O =]
SneEialactars Set my monthly energy budget to: §
Alert me with a Budget Threshold Alert when:
Subscribe O I move into the next price tier. (For tiered rate customers
to Email aniv.)
Notifications %
O My actual energy cost is ‘ % of my energy
—— h : budget,
‘\ . \ St':; p'hc‘;;ee [0 My projected monthly energy cost is $ | over [:
e ] 2l
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PREPAYMENT USING AMI



Hardware vs. Software
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hardware based

Billing

| With smart meters we can move to software based solution

CIsE — —
Billing
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Typical AMI Business Case
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_| Business that an AMI solution supports:

_ Peak demand management / critical peak pricing ¥

DEnergy conservation

_ Lower meter reading costs
Dlmprove customer service / shorten customer call times
_ Offer advanced product options and billing capabilities

_ Remote detection — outage and network management

\u
_ Theft discovery

DPrepayment

_ Asset management (predictive maintenance of distribution equipment)



Benefits of the Software-
ggflwﬁ"éﬂﬁmﬂ based Solution

INCIAL ELECTRICITY AUTHORITY

Use existing or planned AMI infrastructure

AMI is being implemented globally for many business reasons

1.e. - prepayment 1s just another benefit of AMI

Extend the program to all interested parties

One billing system

Use existing payment infrastructure

Health and safety 1ssues can be more easily addressed




The Whole of a Smart Grid Infrastructure
Oracle

mslwihaugiinma % DC : Data Collector * Studying
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(e
Distributed
Enerav ) Weat EEEEE —— aaEmmEEEE ——— *Demand Energy Data
i = —— m— Response Management
A\ _\ Meter, Mesh
W ' Wireless
Y PLC AMI / Meter i}  Load
@ - “e- Integratiion Analysis
‘ a
‘ -
Meter Data Advanced
Management Billing

Customer
Self Service
Portal

*MicroGrid
Master
Controller

Customer
Care

Network Ll

Management

Mobile
Workforce
Management

Smart
Appliance
Demand Side Grid Utility




Prepayment Within The Smart Grid
2% DC : Data Collector

nslungna ndinaa

PROVINCIA!

Distributed 7 = =
Mesh
Wireless
PLC AMI / Meter
“e- Integratiion
‘ -
>
AMI Meter Data Advanced
Management Billing
J Customer
; Customer
Self Service
Care

Portal

m
Network
Management

O

Smart
Appliance D
Utility A—

Demand Side Grid
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Prepayment Within The Smart Grid
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— :
I---------------------------- I
Customer Internet Customer l
Self Service Self Service I
Portal Portal
Customer l
||
= Care
- R — AN Meter |
Mesh n *egratiion
Wireless

Meter Data Advenced
Management Billin)

[ IMonitor (d/ah
1/2 daily)

PLC

Customer AMI

[ _ 1Send the "On" command

% DC : Data Collector
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Itron Prepayment Infrastructure
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i N
% RECONCILIATION
L LN C s i
ITRON aster Station
(IMS)
e v
' B
PLN Cashier | Online Vending SMS Voucher Bank Retail
via GPRS e 3
= i,
. : Online/Mobile Online/Mobile
Online POS Mobile POS POS POS |
.
CASH RECONCILIATION -
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Additional Benefits
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Central tracking of critical needs customers

Easy to manage a small credit balance to avoid loss of

power

Less costly to change / modify the program over time

Future possibilities

jCharging PHEVs - pay as you go
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Security Considerations

B Nothing new here

~ AMI security must already be in place

© Meter energizes,

« X.509 Certificate, PKI systom

Distribution Transmission
Home Distribution Core
Area Area Network
| Network | Network : y
I | 1
. - W
-~ )7 waN Utility Core
Systems
- :
.".'I § '
AMI-SEC
Zigbee
i | IEC 62351
Energy | NERC CIP
FIPS 140-2

Applicable Security Standards

© 2010 Tropos Networks Inc.

DPayment security systems must already be in place

© Meter authenticated, © Meter authenticated,
self-authenticates authorized by 4G authorized by PolicyNet
« Device security via EAP/TLS, broadband network « Identity & AAA Services (ITU, IETF)
IPSec, IKE, unique digital « EAP-based authentication « Certificate Authority w PKI
signature and hardware-enforced « AES-CCM-based authenticated . AAA Server (RADIUS: EAP/TLS)
encryption '
* WiMAX PKMv2 (EAP/TLS over « CMAC and HMAGC based control

message protection schemes
i

I
1
O——m——» 66— R
\\.o:f’
f 2 >

@ Secure Smart Grid system connection established
© End-to-end data encryption and transmission
» Cipher Block Chaining Message Authentication Code Protocol (CCMP)
« IPSEC / GRE, TLS, GMPLS
« Traffic Engineering: DiffServ, RSVP

© 2006 — 2010 Grid Net.



SMART METER ARNNETWORKTOMCTER
AND HAN
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1
HD
HAN HAN POOL PUMY -

SMART METER

-

ﬁ v’ --_r‘
- ﬂ
AIRCONDITIONER
GAS METER WATER METER

HOME AREA NETWORK
(HAN)
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In-premise Network:
—aimgra  1NCFEasing Levels of Sophistication
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- = Advanced
2.9 ﬁ
. S Enhanced |

@ (cﬁ))g Tii'ﬂj

Basic

“Fully automated intelligent
energy management system

“Other automated/

More comprehensive in- programmable appliances
home _d|splays (usage, _Electric vehicle charging /
cost, time)

storage
Simple high-low Programmable L :
indicator Communicating [SDtlg,:;lbgted generation and
Thermostat (PCT) 9

msihaiugiiana



SmartPort Network Architecture
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Intelligent Sub-meter
 Charging profile

* Demand response

» CO2 credit calculation
* Highway usage tax

— AMI Smart Grid

HAN —|«— Smart Garage =|~ Cord }: xEV

ZigBee ZigBee PLC - SAE
PLC - PLC - Homeplug J2836
Homeplug Homeplug
SAE
J1776
?, msihaiugiiana 65



Smart Grids Expands
Sensing and Control into Customer Premise
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“«--»

X
\
\
\
\
\
\
\
\
Network Access o \
Point Public Wireless .
Network
Smart Meter
((T)
In-Home Network
% ms ihaugiinng o6




Smart House — Xcel Energy

nslwdidugiina
Added green - e SR
power sources VL (Y & S
‘\\ﬁ—'—&

High-speed,
networked
connections

“

‘\‘.
'l-l_ll

Plug-in hybrid _, b{ (00
7

Customer interaction
with utility

electric cars

N

Real-time and green Smart thermostats,
pricing Signals appliances and in-home
control devices
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Smart Meter and HAN
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AMI
Network to
meter

Photo Voltaic cells

I
I
I
I
Family Room I
\% HAN / :
I
IHD w/ \\ | I
EMS 1
HAN |
; ¢ |
/ Smart )\ Utility Room - = Q
o . Kitchen Meter
/’/’2’//’/” Il__ : Pool
ﬂ { | pump
Oven Refrigerator Washer Dryer  Electric
H/W heater Battery
storage
EV / PHEV
Y U
» msihaiugiiana 68
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Utility Owned

2-Way

Utility Data
Acquistion
Point

-
-

General HAN Communication
Network Architecture

N
5
<

4 Wireless =
and/or
<€—Power Line =p>
Carrier

Third-Party Access Provider

Modem/DSL/Cable/Satellite
Wide Area Network

Consumer Owned

-
-

Advanced
Meter

)
0
@

=

2

1=

Q
Q
e
O
—

o

Home Area Network
Protocols

Zigbee
Insteon
Z-wave
HomePlug
(etc.)

Energy

System

................................

Third-Party

Access Provider
One-Way Wireless

Communication Network
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l 1-Way

=
Thermostat

—
Expansion Port

= Pool Pump,
Water Heater, etc.

=" PV, Wind
Turbine, etc.

Plug-In EV

il
1
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Current HAN Automation and Control
-miamge  PFOtoOCOl Landscape for Utility Applications
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HomePlug

Insteon
WiFi

ZigBee
Z-\Wave

* Air Conditioner * Pool Pump  « Water Heater
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In-Home Display Devices
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I Provide consumers
with usage
information, price
notification, total bill
values

1 Can place in most
obvious location in
home to maximize
Impact
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Controllable Thermostats

Controllable thermostats enable
the utility to remote transmit
signals to raise or lower
temperature set points.

» A few degree change can result in
significant demand reduction when \
aggregated together

» Operation does not significantly impact
customer comfort

« Customer retains over-ride control

msihaiugiiana




PCT = programmable communicating
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Front View Rear View

() Radio
/~ Thermostat

save ©
ENercy © o
Q

CRISIS-EVENTS, 75/Kih

BLACKOUT POSSIBLE -
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HAN communications - a challenge




HAN functionality - longer term



Web-based Customer Accesses
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sensus

Sensus FlexServer™
provides customer access
via the web or other
devices ...

e ne manager@maill o Sign O sSENSUS

. =
Total Usage q {iding & v Bullding 4

Current Gas Usage :Q) Gas Usage History

Usage by Month for last 13 months
Electronic Readings
03/20/09 825.3

04/20/09 811.0
S SENSUS

T
f” ¥ N
Ly | =

z
\
“Meter# 15532091 |

"~ Usage in 30 Days 14.3

Next bill will be mailed
09

- D6/15/09



W Alternatives for provision of customer
milwﬁgﬁmn informatiOn Emn
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AMI Communication
Network

Meter, Thermostat, or In-Home Gateway Bridge
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| Load Control

Switches

« Intermatic

+ Leviton

+ RAM Industries

+ Baco Controls

» Corporate Sys. Engineering
* Invensys

» Domosys Corp.

» Dencor

« Brayden Automation Corp.

Home Area Network Vendors

The number of vendors seeking the Home Area
Networking market is significant - many expect to
follow the AMI path to commercialization.

-
a = Lighting
& Controls

« Electric City

+ Lightstat Inc.

+ Douglas Lighting Controls Inc.

» Powerline Control Systems,
Inc.

» Vantage Controls

v
=l @—
& ,*
1

The key to success of this “next
generation” of products will be
through industry-wide, open
communications protocols and
interoperability

msihaiugiiana

=  In-Home Display
Devices

« Comverge

» Invensys

» Broadband Energy Networks
» Intellicom Innovation AB

_-JJ Smart

) Thermostats

= Johnson Controls, Inc.

» Honeywell

» Carrier

» Domosys Corp.

» Comverge

» Delta Controls

» Adjala Controls and
Technologies (Log-One Ltd.)
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Costs for in-premise equipment...
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Device Today’s approx. cost in Volume 10k
*Programmable controllable $200 - $250
thermostat (PCT) with radio
*In home display $125
*Load control module ( control $100 - $120
water heaters, pool pumps,
etc.)
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Thank you
for your attention!

Any Question?

Dr.Pradit Fuangfoo

Tel.: 02-5905572,
087-4977200

Email: pradit_f@hotmail.com,
pradit_.fu@pea.co.th

msihaiugiiana 81



