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Introduction

The report explores the application of Home Energy Management
Systems (HEMS) technology to Ontario. It was developed for the
Ministry of Energy and Infrastructure and is intended to inform policy
makers about the current and future status of HEMS technology, and
specific opportunities and issues with its deployment in Ontario.

HEMS are an emerging category of products that take advantage of
advances in communications, computing and display technologies to
help consumers better understand and manage their use of energy.
This includes:

¢ In-home displays that provide the consumer with information on
the current usage and price of energy

¢ Load control devices that can allow the customer or the utility to
remotely change settings on connected thermostats, pool pumps
or other household and commercial appliances.
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Introductions

¢ Michael Martin, Senior Managing Consultant, IBM’s Global Center of Competency for Energy &
Utilities

¢ James Strapp, Associate Partner and Leader of IBM’s Global Center of Competency for Energy
& Utilities



(A
Zﬁ' Ontario
Ministry of Energy and Infrastructure

Agenda

¢ Introductions

¢ Standards

¢ Drivers of Change

¢ Benefits

¢ Vendor Review

¢ Solutions

¢ Next Steps

¢ Examples of In-home Devices

¢ Questions



(A
Zﬁ’ Ontario
Ministry of Energy and Infrastructure

Standards are driving adoption

Three open communications standards are most important in enabling
two HEMS devices to connect:

¢ Wi-Fiis the most common wireless network operating in many Ontario
homes and is growing in its use for home automation.

¢ ZigBee is an emerging standard for wireless networks. It is the standard
for inclusion in smart meters because it is ideal for situations such as
gas metering that requires lower power use and high security.

¢ HomePlug is a powerline carrier standard that enables communications
in homes where wireless connections are difficult without any
additional wiring.
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Drivers of change

 Increased device interconnectivity: The increased ability of home energy
management devices to connect with each other around the home will enable
several new products. Some of these are already becoming available, such as a
USB stick that can be plugged into any computer, connecting the computer to
any other ZigBee compliant device in the house, such as a smart meter. Also, a
smart electrical outlet that can be turned off or on through a remote device or
web portal.

e Growth in multi-purpose devices: The concept of a dedicated display to
show energy use is giving way to multi-purpose devices where one application
relates to energy use. PCs, laptops, Netbooks, tablet computers, smart phones
and other computing products will become the dominant devices to monitor
and control energy use.



(A
Zﬁ’ Ontario
Ministry of Energy and Infrastructure

Drivers of change

e Entry of major device manufacturers: To date, most of the providers of
home displays and other communicating home energy management devices
have been relatively small start-up companies. Larger companies such as General
Electric, Honeywell, Whirlpool have already announced plans to expand their
business into communicating home energy management products.

e Greater non-utility data access: Customers will increasingly want to make
data about their own energy use available to service providers of their choice,
not just their local utility. Already models introduced by Google and Microsoft
insert themselves between the utility and the customer for home energy
management services.
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Benefits

The benefits of home energy management systems stem from five areas:

 Energy conservation: Studies in Ontario and elsewhere indicate that real-
time feedback can reduce overall consumptions 4% to 13%. (Importantly for
Ontario, these studies provided near real-time feedback to consumers about
their energy use within a few seconds.)

e Peak load shifting: A Hydro One study showed that providing real-time
displays to customers on Regulated Price Plan (RPP) Time-of-Use (TOU)
rates increased the load shifting impacts in typical days from 3.7% to 5.5%
and on hot days (over 30°C) to 8.5%. Participants on a load control pilot in
Newmarket reduced their consumption during critical peak periods by
approximately 31%.
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Benefits

Consumer demand: Customers have consistently express a desire for these
types of devices. A March 2010 survey conducted by the Independent
Electricity System Operator (IESO) indicated that more than 57 percent of
respondents expressed interest in purchasing a real-time energy monitor
that shows electricity use on a visual display in the home or, remotely, on a
web page. In a 2008 Hydro One study, 63 percent of participants with a real-
time monitor found it useful to help them conserve electricity. No studies,
however, have formally tested Ontarian’s willingness to pay for these
devices, or more precisely, what types of functions they want.

Support for the next generation energy industry: HEMS solutions are
expected to become an important part of solutions for the future smart
energy model. HEMS devices are important in monitoring and potentially
managing distributed generation, energy storage and electric vehicle
charging infrastructures.
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Benefits

e Economic Development: Canadian and Ontario companies are well
represented in the current HEMS market. Of the 22 vendors that have non-
metering products certified under the ZigBee Smart Energy Profile, five are
Canadian, and three are based in Ontario. These companies are the first
movers in development of hardware. Other companies are poised for
investments in related software development, professional, installation and
maintenance services.

10
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¢ Elster is the leading smart meterin e~
.. e\ -
Ontario in terms of number of meters. It (B ) e
has been selected by at least 33 utilities, oo vl to the S =\
. o . isplay eve [/ S\
representing about 40% of Ontario Soconts or oy ((l®))]
depending upon the \ ) \\\\:/// /)
meterS- version of the meter \\\,//
installed. T
2. No pricing information
¢ Elster states that the meters are capable canbe sent fom the
of updating the IHD in less than one B3 -Home Dispey to the display
minute directly from the meter. @ s veter

Consumption data comes from the meter.

TOU windows and TOU rates would come

from the Utility via a messaging Elster

capability. In some cases, more software 1,909,000 meters or 40%
development is required to get these

features to the most effective levels and

avoid manual updates by the consumer.
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¢ Trilliant meters were selected by Hydro
One and Milton Hydro and account for

approximately 28% of Ontario’s smart 1. Consumption
oy Information travels from

meters. Trilliant smart meters the meter to an Aztech

communicate to other devices over a A Al

2. Pricing information is
\\ || sentas needed from the
/)] Trilliant head end system
/' to the display through
Trilliant’s proprietary
network

proprietary communications network, but ~ Tfans proprietary
following the Smart Energy Profile. They

are able to pass consumption information

every minute to a display device, and

update pricing as required. B o sy
0 Smart Meter

@ Regional Collector

¢ Because they use a proprietary

communications network, vendors must
pay for a license from Trilliant to develop
products. Trilliant has announced
partnerships with several HEMS vendors,
including Aztech Associates of Ontario, to .
enable devices to connect to their meter. Trilliant

1,345,000 meters or 28%
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Manner and capabilities vary by meter vendor

¢ Atleast 36 utilities in Ontario, 4 Consumption and
representing 28% of Ontario customers 1 consumption — sentto an Aztech
have selected the Sensus smart oad ond a5 asual ”’e////\\\ thermasiat, o & 4tame
metering solution. If the AMI network —_ @) @ @ fevice using flgBee
is used to communicate to the IHDs, ( ‘/// s =/ zaeee
licensed frequencies may need to be N\ @
used, however, the additional cost for \ =77 \\\\
spectrum will need to be paid for by e \\\$))) - S
one of the involved parties, the LDC, /j// I ir{formation‘_)is cent to a aome
third-party service provider (PageNet), getenay s fhe Iniemet
government, or customers. Bl rermosa
In-Home Displa
¢ The Sensus approach for HEMS devices gsmmm,p y
in an Ontario pilot at Niagara-on-the- @ rosioal Cotecor
Lake uses a separate gateway that >
communicates to the home using 2 tispassedfoa_
broadband Internet. This gateway then end system

connects to display and load control

devices inside the home. Consumption

information can be sent to this Sensus

gateway as frequently as it is collected 1 000 Or 28%
by the utility. 339
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Manner and capabilities vary by meter vendor

¢ Tantalus meters were selected by Chatham-Kent Hydro (Middlesex
Hydro) — 39,120 meters or 0.8%

¢ Silver Springs Networks meters were selected by Guelph Hydro -
48,000 meters or 1.0%

¢ 4,746,709 meters in total in Ontario with approximately 4,675,887
meters accounted for representing an estimated 98.5% of the total
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11 potential types of existing HEMS products

Type of Device Visibility Control
Broadcast Display Price Only No
Outlet Monitors Consumption Only No
Clamp-on Display Consumption Only No
Smart Meter Connected Display Consumption Only No

Outlet Timers and Smarter Plugs

No

Customer (one outlet only)

Programmable Thermostat

No

Customer (heating and cooling
only)

Programmable Communicating

Consumption, sometimes

Customer and Utility

Thermostat Price (heating and cooling only)
Load Control System No Utility
Prepayment Metering System Price and Consumption Customer

PC or Smart Phone

Price and sometimes
Consumption

Customer (display only with no
control, unless connected to
a gateway solution)

Home Automation Gateway

Price and Consumption

Customer and optionally Utility
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Smart Metering Based Solution

¢ Smart Metering Based is where —
displays and other devices rely on /{::\\ - ////$
- (7720 —\([!
the existing or planned smart ne-m
metering infrastructure as a \\\\
communications channel. —

¢ Given that Ontario’s smart meters
do not include a second tier of
ZigBee radios for a HAN, this will —
require a different approach to the
solution. With the current
infrastructure, distributors would be
required to provide a device that is Il oo
compatible with their specific and g:mgmllut
unique smart metering
infrastructure.

Proprietary [ \
Network | \\ \\ \ ) ,‘ |
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¢ Home Energy Gateway is where a
dedicated gateway device is
introduced into homes to
communicate, over a variety of
protocols with various displays,
thermostats, load control modules,
and smart meters.

¢ Inthe future, the gateway may be able

to control distributed generation, gsm
electric vehicles, and energy storage @ reoions Cotecr

systems.

Personal Computer

¢ Enablesricher load control and display
functions to Ontario homes than in the
smart meter option.

¢ Updates of consumption present some
challenges because of the smart
metering infrastructure.

¢ More amenable to a distributor-led
deployment, rather than a retail
purchase option.
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Smart Device Solution

¢ Smart Device is where
developments outside the energy
infrastructure are leveraged and
adapted to energy management. \

¢ This might included websites to
display energy use, or smart phone
applications to control thermostats
over a Wi-Fi network.

¢ This approach accepts the home
networking constraints of Ontario’s
smart meters, and focuses on

development of a more advanced @ Rregional collector |

independent network. Personal Computer

Smart Phone

Smart Meter

¢ ltrequires the least amount of new
infrastructure or changes to existing
infrastructure and could be
deployed quickly.

¢ Inpractice, this model is only
available to those with broadband
Internet access.
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Next Steps

¢ Given Ontario’s smart metering infrastructure, it is important to understand the
impact of delays in feedback to consumers in energy consumption compared to
previous pilots. The customer may have near real-time feedback from the meter to
the IHD. However, some LDCs are sending the data directly to web portals for
customers to access. This aspect may affect the timeliness of the communications.
To assess the impact, we suggest a coordinated series of pilots across different
distributors that test the conservation and peak shifting implications of different
meter read display frequencies. Such a series of pilots would also benefit the
Ontario start-up companies currently in discussion with Ontario distributors.

¢ We also recommend a short study of the implications of increasing the meter read
frequency in Ontario to be shorter than the current 24 hours, including the
implications on the MDM/R, distributor systems and communications contracts.
This will help determine what display update frequency is possible for smart
phones and other smart devices given Ontario’s smart metering infrastructure.
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Taxonomy of Residential In-Home Energy Device —Trends and Sample Vendors

WAN — Network access other than through the meter
(Internet access, paging, etc.)

Connected to [ Clip-On Display HAN/LAN — Local neighbourhood or home network with the

the meter, - . . smart meter
power line or Able to display real-time Communicating Communicating — Linked using the WAN
breaker panel energy information using Thermostat (PCT) Connected — Linked to the meter using a local network
either a meter-specific or

standard (e.g. ZigBee) LAN \

; to connect with multiple
B|Ue|ll’]e * \ meter types m
Energy Aware % w

Load Control

. Direct
. Ctrl Device connections to
Energy Detective Connected Display con:]rol devicles,
Energy Monitoring ) HAN/ Avaning EcoBee % N such as poo
Cent-a-Meter f ~ _LAN Comverge SupkrStat WAN pumps
“r Honeywell
@)JJ LS Research ArchRock
Cannon
. Aclara
Broadcast Display Aztech ¥ Comverge DCU
. Blueline % Computime
Energy Aware ¥ g?zwerMand
\ Landis+Gyr ecoMeter
WAN Tendril Energy Management Gateways

\a\> v
Ambient Orb Broadband

Home Automation
Home Joule

Talon

Prepayment - \-m
WAN and/or LAN -
Systems communications to \ M
the display WAN
\ . Avaning EcoBee # Broadband
Comverge .
. WAN E t Computime
Not a comprehensive nergate Control4
list of vendors. Some Honeywell
verdorsoftermany  Aclara Tendril GE
products = — Land|s+Gyr (AMPY) nga Development - Bell/Lixar SRS o

PowerMand
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The networking capabilities of established home energy management devices have been
limited to communications to the utility or very specific connections to devices in the home.

Connect with
Connected to a Other
Manual Connected to a Home Connect with the Connect with
Type of Device Meter Smart Meter Devices Utility the Internet
Broadcast Display No No No Yes No
(One way)
Outlet Monitors No No No No No
Clamp-on Display Yes Yes No No No
(via Optical Pulse)
Smart Meter Connected No Yes (on smart No Yes (via smart No
Display meter meter)
network)
Outlet Timer or Smarter No No Yes Yes Yes
Plugs

Programmable Thermostat No No No No No
Programmable No No No Yes Optionally

Communicating

Thermostat
Prepayment Metering Yes No Optionally with No No

System a display
Load Control System No No No Yes No
PC or Smart Phone No No Yes No Yes
Hame Automation Gateway No No Yes No Yes

“(Proprietary)
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Summary of applicable communications standards

| “ e

Relative Relative
Governing Bandwi Cost Relative Power Range
Technology Mechanism Bodies dth Consumption (meters)
Bluetooth Wireless IEC, IEEE Medium Low Medium 10 to 100
Echelon Wired Echelon, Low High Medium 50 to 100
LonWorks ISO/IEC,
IEEE
HomePlug Wired TIA / ANSI, High Medium High 50 to 100
IEEE,
ZigBee
INSTEON Wired & INSTEON High High High 50 to 100
Wireless Alliance
Wi-Fi Wireless ISO/IEC, IEEE, High Medium High 50 to 100
ANSI
ZigBee Wireless IEEE, ISO/IEC, Medium Low Very Low 100+
IETF, W3C
Z-Wave Wireless Z-Wave Alliance Low Medium High 100+
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Known existing collaboration arrangements between the major Ontario smart metering
vendors and HEMS device providers. * indicates Ontario companies

Displays Programmable Home Gateway
Smart Meter Thermostat / Load
Vendor Control
Elster Aztech Associates* Comverge Augusta
Blue Line Innovations | Cooper Power Digi
Energy Aware Systems Tendril
LS Research Energate*
Riga Development
Tendril
Trilliant Aztech Associates* Cooper Power GridPoint
Blue Line Innovations Systems Energate*
GridPoint
Sensus Aztech Associates* Comverge 4Home
Honeywell Home Automation,
Radio Thermostat Inc

Microsoft
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The Ambient Energy Orb changes colour based on broadcast information about dynamic
electricity prices or any other general status information, such as stock markets.
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The Kill A Watt device is one example of a outlet monitor that provides detailed consumption
information about a single outlet.
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The PowerCost Monitor from Blue Line Innovations of Newfoundland connects to electric
meter and displays consumption information.

D

GE Watthour Mater
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The In-Home Display from Aztech Associates, of Kingston, Ontario, connects to a smart meter
to provide pricing and consumption information to the consumer.
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Outlet Timers and Smart Plugs are simple devices that give consumers direct automated
control of their energy use.
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The Honeywell UtilityPRO thermostat is a typical PCT. It communicates to the utility for load control

and messages, but does not link directly to a smart meter for consumption information.
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The smart thermostat from ecobee, of Toronto, has a touch screen and more advanced energy
management features than a typical PCT.
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General Electric recently announced its entry into the HEMS market with the GE Home Energy

manager.
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Prepayment Metering Systems
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PG&E uses the Aclara Energy Analyses to provide their customers with more information
about their energy usage on website.

Pacific Gas and Ry Suopi mll e
Electric Company” > o ]
B ——————— ’ #”' o 3 ) Search
your home CUSTOMER SERVICE ‘ REBATES | SAFETY | FIELD WO
Home Energy Analyzer
SANTA FE SPRINGS, A 90670 g

Lt B DTS Find Ways to Save  Energy Calculators

My Home Energy Center

To maximize your savings, continue analyzing by going to Find ways to save, Tou will find
detailed savings opportunities far your entire horne. To find toaols to help you find the most
efficient improvement projects for your home, click an the Energy Calculatars.,

T2 What are my top ways to save? === How does my home compare?

Annual Annual Total Energy Use
Savings Opportunities Savings $1.880
Water Heating Usas Avg :lnme Uses

Insulate water heater

tank $2-%4
Lighting

Use compact fluorescent 545 - 456

bulbs in recessed fixtures

& Total " Electricity " Gas

Use compact fluorescent 536 - 444

bulbs in high-use larmps My Enerqgy Bills

Enter your energy bills to find out how your

Heating and Cooling home's energy use compares.
Install a programmable _
thermostat #13-521
Seal leaks in ducts $17 - $28 How does my home use energy?
Detailed Analysis Annual Total Cost
Find more ways to save
" Pool 3434
B Cooling $414
Dther 5350
% seasonal Tips and Tools B Hot Water 5280
B Food Starage $201
? Quick Tips B Lighting $151
_J Replacing older showerheads with Heating $144
low flow units could save a family W Coaking $78
of four as much as 15,000 gallons
of water per year. @ Total " Electricity " Gas
ﬁ Water Heater Calc .
Caleulate how rnuch it costs to run My Appliances
your water heater. Find out how Fool is your highest eneray expense, Click
ruch you can save by installing a Find ways to save to get specific
new energy-efficient water heater. recommendations for reducing your Pool
costs.
@ Sawve on water heating
Find ways to save on your water
hesting and laundry costs.
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The Crestron home gateway provides central control of entertainment, lighting and other
functions around the home with automated with other Crestron and partner products.

ADMS

hdagio Digital Media Server

. Mharna /"-..I“'\

{ K )

Movies
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Energate Gateway Home Energy Management Systems

It
Enamata softwan, Brickge 1o 1P
sandtes portal
m 'TIIIIIITII L N
Pdertynirh -
- "
'I'un't'q:-m'ulm




RS
D’ Ontario
Ministry of Energy and Infrastructure

Control4 uses an application on the Apple iPad and iPhone to effectively turn them into the
control center to manage its home automation suite of products over a Wi-Fi network
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The combination of readings directly from the breaker panel using the TED system and the Google
PowerMeter means the consumer has access on their computer to granular and very up-to-date
information without any involvement from their electrical utility.

How TED 5000 Works

Solar, wind, and/or electric power is sent to a home's

breaker panel.

Google PowerMeter: Energy User's Home
Electricity used Sep 30-Oet 1

|Heuso, Reaktime |
1.0
Ii i 0.5
0.0
12a sa 12p &p 12a {

Day Wogk Mooth

|iacrrcity i kW

’”
1 CTs and MTU are installed in the breaker ]
| panef and measure household energy ]

MTU transfers data
over powerline

D00:00M 20000 Z2DAPOOM 304
apadment aparimeni  house house ‘\'uw

Gateway transmits
signal via ZigBes
wireless to Display

Gateway connedts to wireless router
o directly to computer via Ethernet
=

View data on computer via Footprints software
{Computer only required for system set-up)

129 sa
2LTs to the Gateway 4| Previous day
WWednasday Sep 30 o Tryrscay Qet1
11 KW husod 6.3 kKW h usod
----- - Approx. myw Approx. Wﬂymr
MU
i Compared to others
i Youruiage
&E‘r& 83 Wi
- _ -_

Compared to past usage

12% under expected usage for Thursday
BRI & v ied
ENTTENCTIFTEE

Saffiegs Discuss Holp

Data can be viewed
on wireless devices
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How will the HEMS solutions be Implemented?

Marketing 1. Smart Meter 2. Home Energy | 3. Smart Device
Approach Based Gateway

Mandatory Very High Medium n/a
Program

Incentivized Medium Low Medium
Discretionary
Purchase

Discretionary Low Low Low-Medium
Purchase
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Questions?

¢ What solution is best?
¢ Does onesize really fit all?
¢ What about the consumer? Who are they? What do they want?

¢ What sort of research is still needed? Demographic? Psychographic?
Economic? Technological?

¢ What pilot projects still need to be done?
¢ Whatissues are still unknown or unclear?

¢ Who will pay?
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Thank You for your Time and Attention

IBM

Global Center of Competency for Energy & Utilities



