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1. About EnOcean

. ENnOcean energy harvesting switch & sensor platform
Applications

1. Products

2. Deployment (SmartHome, Building Automation, etc)
EnOcean evaluation and development tools

Energy harvesting wireless products with MEMS devices
Summary
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Wireless Standard
 ISO/IEC 14543-3-10
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ISO/IEC 14543-310
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Wireless Switch & Sensor Solution by Energy Harvesting

Spin off from Siemens, established in 2001

World first wireless communication technology with tiny
energy generated by energy harvesting

Energy harvesting device and energy harvesting wireless
device and module provider from 2002

Energy harvesting wireless communication : EnOcean IPRs

Wireless communication standard for sustainable buildings

Maintenance and development of wireless communication
protocol aimed for interoperability between different
vendors products

International standardization (ISO/IEC-14543-3-10)

Promotion of energy harvesting and EnOcean wireless
technology

>100 OEM vendors, >1000 commercial products
Deployed in >250,000 building projects in the world

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 5
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EnOcean Company IPRs

EnOcean Alliance
Energy Harvesting: EEP 2.1

Motion, Vibration, Temp, Light, etc

Wireless sensor module P icatiol Wireless system module

| )| A 1 ) |
7: = (m):

Eﬁergy

\§~ O’/ 3 i T
St & /h 5\\ RF Transcewe;i Mlcrocontrolleié
o ] \t: .4{/ )) <(« :
RF Transceiver enocean-

» | Status,
Energy measured value
Management _ Network J Control signal

' : |
[ Data Link J &

Actuator/
Temp, Humid, Pressure, Lux, L Physical J

lilding service:
Position, Gas concentration, etc Wireless Standard
ISO/IEC 14543-3-10

IPR: Intellectual Property Rights

ISO: International Organization for Standardization
IEC: International Electrotechnical Commission
EEP: EnOcean Equipment Profiles

RF: Radio Frequency

\

Actuator/ equipment
(HAVC, Lighting, etc)

ISO/IEC 14543-3-10

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 6
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enocean devices Tor commercial products

ECO1 OO o simulation f TDS 2024 - 11:51:01 AM  8/3/2005

. s e 1 ECO 100 operating characteritics :
: 40mm x40mmx 10mm Electrocrg?eg:gg?a Ezld iron Max Voltage5V@19 g F (2375 uWseo) -

- Various energy harvesting devices (Motion, Light, AT, etc) have been deployed

- Under development & evaluation of vibration power generator device deployed
wireless sensor product

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 8
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NO BATTERIES FEW MONTH TO FEW RECHARGEABLE
YEARS BATTERY LIFE BATTERIES (FEW DAYS)
enoceanr |IEEE 802,15.4
e.g. ZigBee,
= Home & Building Wireless HART, .
Coverage | Automation RF4CE € Bluetooth®
(lndoor) | ¥ Industrial
30m m | = Metering |m Headsets _
= infrastructure |I PC Peripherals ‘l."‘
I8 |y |ndustrial = PDA/Phone Vi
20m m ISO/IEC 14543310 | l
|
10m W Increasing
application
1m W | | |
l | i h ﬁ n l
FACTOR 1 FACTOR 10s FACTOR 100s FACTOR 1.000s FACTOR 10.000s
ENERGY REQUIREMENTS

Enegy required for wireless communication (EnOcean = Factor 1)

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 9



Combarison with other wireless @
1 oCeSpmmuncation

No Wires, No Batteries. No Limits.

EnOcean IEEE 802.15.4 Bluetooth
/ZigBee (low energy)
46 £3 Bluetooth

Frequency (MHz) 315/868 868/915/ 868/915 2400 2400
2400 (2400)
Battery-less & YES NO NO NO NO
Maintenance Free (few months to (few months to (rechargeable (line power)
few years) few years) batteries
(standard

batteries))

Minimum Telegram 0.7 30/4 20 0.7 ==
Length (ms) (~ 0.25)

Data Rate (kbps) 125 20/250 9.6/40 2100 11000 - 54000
(1000)
Interference Risk Extremely Low Medium (WiFi) Medium Low Low

Interoperable end > 1000 =200 = 600 > 10000 > 10000

products ()

Successfully Field Home & Building Smart Metering High-End Maobile Phones, Computer

Proven Application Automation, Trials (Line Residential Headsets, (Web, E-Mail,

Areas Industrial Control Powered Nodes), Aftermarket Laptops, Video etc)
RF4CE (point to Printers, PDAs

point RC)

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 10
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100

10

0.1

Current [mA]

0.01

WAKE1
WAKED
oo
GND
WXODIO
WXIDIO
GND
RESET

oo 0.001
GND

ovon
RSDADIOI 0.0001
WSDADIOZ
SCLKDIC 1

SCSEDIOO D_lII[H
PROG_EN

Time [ms]

EnOcean (ISO/IEC 14543-3-10) data transmission = 30 uWs x 3100 uWs

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 11
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1st level and/or 2n¢ Level Routing Mesh Routing

TCR/IP
LON
EIB/KNX
O =
Batteryless senser e r ’ O

Switch
. recaiver
Q Line powered router
O s
E

for lamp itch
or end node H Om
2-level repeater ;—\.“‘E O o
) (Owe . ‘_’
Batteryless ’
’ radio sensor y

(Star)
End node

™

Transmitter

ppppaw  OF Receiver

o @ a

i AW AR A "‘E“%‘
';.-’: i:‘}'-:' L o
4'.'".-\{'_' )

— LT Pl s :
S = ' 0 ‘ e < |5
=== $ ’ " L e -ty —
v _ = \ 3, e ! -_l',' P,
o= ! P i L .- i *
P | . A e Tz 1 N ) 4
- - . — - e T e S R
ecei actuator E e 7o 3 v v s
- 2 1 iy a
iz X A Wi =
D Repeater/central station i 3
{ b
: . -

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013
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Other standardized protocols

6 —_ example
enocean-alliance Application

No Wires. No Batteries. No Limits.

0 - |[EEE 802.11 (basis for WiFi)
EnOcean Equipment
Profiles (EEP) l Network .

| - |[EEE 802.15.1 (basis for Bluetooth)
' Network J

SZTRRN
l Data Link ] Iso

l Data Link l - |[EEE 802.15.4 (basis for RFACE,

v ZigBee, Wireless HART etc.)
l Physical j

A\172 g °

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 13



N

=

Applications

f 1S=E ‘ enocean-alliance

Smart Home, Building Automation

@ Lighting

@ Air Conditioner, Heating, Cooling)
@ Security

® Measurement

Industrial Automation

Control & Status supervision
Process optimization
Manipulations for measurement & switch, etc
Vehicle (Automaobile, Airplane , Ship, etc)
Condition Monitoring

Operation of switch, etc

Medical

Body temp, blood pressure heart beat
measurement

Monitoring, etc

v

v

v

v

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 14
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Lighting control equipment

Lighting switch, Dimming
Occupancy sensor

Lux sensor

Card key

Timer

HVAC Sensor, Setting Panel
Temp, Humid

Occupation, Motion

Gas concentration (eg, COz2)
Positioning of door & window
Automation Systems Gateway

() vass,  ©BACnet

LON, BACnet, TCP/IP, KNX, etc Modbus-IDA R

>1000 commercial products from >100 OEMs

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 15
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http://www.enocean-alliance.org/typo3temp/GB/912a82f136.jpg
http://www.enocean-alliance.org/typo3temp/GB/can2go_un2_right_medium_f7c14a967b_390bbe6e5d.jpg
http://www.enocean-alliance.org/typo3temp/GB/ELTAKO_FSS12-12V_DC_74b2e8509f_f17e0fb913.jpg
http://www.enocean-alliance.org/typo3temp/GB/062afcefda.jpg
http://www.enocean-alliance.org/typo3temp/GB/Ecologix_currenttransfomer_2b3e20b813_fb074aec9b.jpg
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Exhibition Facilities Historical/Listed Building Industrial Plants Residential

Successfully deployed in >250,000 building projects

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 18
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Occupancy sensor adjusts temperature
and turns off lights when
aroom is not in use.

| Gateway/Controler

gl ¥ ég Wall switches

[ Window contacte sotlack contr.ol lighting and shading.
HVAC when windows or balcony — ; .
doors are left opened . I e -

& 7
r 7

Room temperature sensor |

for minimal energy o i
consumption and @

maximum comfort. | P

| “m“m“m i Plug-in !@ceivi controls w

| and monitors consumer
ting valve for ——_ appliances.

self powered and ' 1
energy-efficient room
temperature control.

'!';'!'l :
IIIl,'
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AVEERITITT

Joonior

Portal cablo
Internet Connections
Internal / external
Joonior HabiTEQ"
W-( Home Gateway " A
Customer
devices
actuators /sensors
F 1
e 8 0
3 o &
k S | S
Appliance  controlled- motion thermostatic third party smart meter
Interface plugs detection radiator valve components

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 20
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Q’ Portal b
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Connections
Internal / external
DSL GSM
router e
¥ Joonior
N { Home Gateway

enocean

, |
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controied-  motior thermostatic ~ third party ‘smart meter photovoltaics HVAC
o

3
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> login:

D VenergyUl
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Receiver Board (Rx/Tx)

Energy Harvesting Development Board (Rx/Tx)

EOP 300

EOP 300
P
bhdobinsod EVA 300 Board Programmer EVA 320 Board
= Po:lv(e:er(s); LED: Power EOP - Short term cap
vecuss - Gold cap .
LED: Power EVA Power ON/OFF switch Ty SEVA - Lithium accu (optional)
vedio VCCIO Attention:
LED: Programmer If EVA 320 + STM 300 stored
-PRO?SACHVE LED Programmer: for more then 2 weeks in darkness,
PROGACTIVE then the long term capacitor (Gold
TCM 300 on cap) has to be disconnected fro
Adapter Board Power ON/OFF STM 300: ; ;
T switch - power storage switch to extenal
Rgdegt:‘: - or unplug STM 300 module
config. adsm 3&:’3 For details see STM 300 manual
apter
TCM 3x0 Multiple energy
STM 300 config.
TCM 3x0 RSSI LEDs harvesters
Mode config. Learn Mode LED: Radio send Energy
Indicator (LMI) & management
Channel LEDs STM 300
sensor examples: Solar cell
- temperatur
- light intensity User buttons
- poti
Optional / not equipped - energy su,,g;:
Clear button voltage

Learn button

DolphinStudio (Programming)  ox07: 485 Telearam DolphinView (Evaluation)

Delphinstudio 0x10: Room Operation Panel
l 0x03: Temperature Sensor; Set Point Control '"”
m

P e

Config.files | | & I -o-om
\ e o B s L T === =
— | T P
: Selected device Qo IR

. with Chip ID s ==

o o

3 B EEP ID-label [ ., . .

.l i | A~ i
B g Dallicmi |, S - |
3 P _ -~ -
£ Bl Cs = —— = = = =
- "
corx 3 EOPX Manufacturer ID O ol s e
PostBuildtxt  ———+  pogiailg SEE T & EEP profile no. L .], ..............................
e
l Cfg Area et Ll - . = e -
e =
R e — =
‘ i =
L T ——
Software Development Flow Programming Flow -l

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 23
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* Works at 50Ix
« >50Ix
Charged in G-cap

Once fully charged(0.25F),
will work out for 7days
w/o additional charging

SIMICS
http://www.simics.co.jo/

Energy Harvesting Wireless Occupancy Sensor

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 24
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ENERGY HARVESTING WIRELESS SENSOR MODULES ENERGY CONVERTERS

PTM 210/PTM 215 (868 MHz)

and PTM 200C {315 MHz)

Ideal for energy harvesting wireless
switches.

The variant PTM 215 contans also
roling code functionality

v >

* \ 3

STM 310 STM 311

Energy harvesting wirgless  Energy harvesting wireless
sensor madule — with sensor module — with solar
solar cell and whip cell and helical antenna
antenna

STM 330

Energy harvesting wireless
temperature sensor mod-
ue with whip antenna

STM 312 STM 320

Energy harvesting wireless  Energy harvesting magnet
sensor module — with solar  contact transmitter mad-
cell but without whip ule with helical anterna
antenna

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013

Solar
Harvests indoor light for energy
harvesting wireless sensors and
actuators

TCM 300/TCM 310 TCM 320

TCM 300, TCM 310, TCM 320 and USB 300 - ideal for permanently powerad system components

*Time to market
*Decrease of development cost & risk

Page 25
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Solar powered wireless acceleration sensor

Vibration powered sensor

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 26
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SIMICS 7=v72nzan

http://www.simics.co.jo/

EnOcean Allance | Kazuyoshiltagaki | 5 Dec 2012 Page 27
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PIR sensor to respond when only human walked

SIMICS v=7znzan

http://www.simics.co.jp/

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 28
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Snap shot of lab test
(BOOKmM/h, 7hrs)

Wireless Sensor Module

Enerey Harvc\aster (Temp and Pressure)

What is the barrier to replace the battery?

Mass production technology by MEMS
must be one of solutions

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 29



Practical for
EnNnOcean Wireless Sensor application

20 1.
-jal productice

Power generation:
Max 85 uW (IMEC,
Holst Centre, TNO,
IEDM2009)

Power generation:
200pW@155Hz, 1.5G
(University of Michigan)

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 30
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<ENnOcean>

Possessing fundamental technology and IPRs of energy harvesting wireless
switches and sensors

Track record in the market: >10 years and >1000 interoperable commercial
products and deployed in >250K building

<Advantages>

More than one or two orders of magnitude less power compared to other
wireless communications

En?bled the operation by energy harvesting (Light, Pressure, Vibration, AT,
etc
= Battery less : Eco friendly and maintenance free (drastic reduction of
maintenance cost)
= Wireless : Easy & low cost installation (especially when renovated), and
providing flexible design

Combination with MEMS devices

TTM for development by use EnOcean development kit & devices/modules
Practically usable for MEMS vibration power generation

EnOcean Alliance | Kazuyoshiltagaki | 14 Mar 2013 Page 31
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