OpenEnergyMonitor

EcoHome Lab: From Monitoring to Control
Using emonPi with integrated MQTT, Node-RED and openHAB
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@openenergymon Glyn Hudson 11th Aug 16




OpenEnergyMonitor is a project to develop open-source
tools to help us relate to our use of energy, our energy
systems and the challenge of sustainable energy.
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OpenEnergyMonitor
Hardware

emonTX
- 4x AC circuits emonTH

Wireless Temperature & Humidity

Sensors
[emo[m—l - Optical Pulse
] emonPi
emonTx Shield Raspberry Pi based all-in-one energy monitor
- 4x AC circuits 2 x AC Circuits

- Arduino shield footprint

Clip-on €T
396W
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emonPi

Energy Monitor & web connected
base station

396W

ahlal

Hardware

2 x CT channels

1 x AC-AC voltage sensor channel
Optical pulse & multi temperature sensors
Atmega328p

RFMG69CW RF - (Receive data from other RF nodes
e.g. emonTx, emonTH)

OOK RF (optional) - RF plug control

Communicate with Raspberry Pi 2 via serial GPIO

e USB WiFi Adapter (optional) / or 3G

emonP1 .
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emonTx V3

Remote energy monitoring node

rernnn?

Hardware

4 x CT channels

1 x AC-AC voltage sensor channel
Optical pulse & multi temperature sensors
Atmega328p - Arduino compatible
firmware

RFM69CW

Powered via AC-AC adapter, 3x AA
battery or USB 5V

Transmits power data every 10s via RF to be
received with emonPi / emonBase.




emonTH

Low power remote temperature & humidity room
node

Hardware
e ATmega328p
e RFmMG69CW
e DHT22/DS18B20 (multiple)
e 2 x AA batteries 7-10 months battery

Transmits temperature data every 60s via RF to be
received with emonPi / emonBase.




Emoncms.org

Emoncms is a powerful open-source web-app for
processing, logging and visualising energy, Username:
temperature and other environmental data. | |

Emoncms.org Login

- Password:
i WO P - y
| 209W 94W 303W - | |
ég"!‘,ﬁj B Remember me
— _‘h_ Login Or I
: 118 ' 1 |
! ﬂ ] © Forgotten password

&’ Docs () Github & Install

Documentation for how to install, We believe open source is a better  Install emoncms on a RaspberryPi,
upgrade, use and backup emoncms way of doing things. Emoncms is home computer or web server. With
is available on the emoncms github  available under the GPL Affero emoncms you can have full control
repository. licence (AGPL). of your data.

https://lemoncms.org



Emoncms

62W 5!5 kWh

dh 6h D W M + - < =

1508 5:27 1545 18:03 18:21 16:38 16:57 17:15 17:33 17
KWh
THIS WEEK MONTH YEAR ALL TIME
6.6 «wwn 228 un 1376 iwn 1376
3.8 KWhid 8.2 KWhid 8.2 KWhid 8.2 kWh/d
by of gy -org | .5

- Input Feeds Vis Dashboard Apps ~ Extras

215W 8OW

3hi [Bhi B WM Y [ - < S

Account Logout Docs

SOLAR PV

295W

Show balance

HOUSE SOLAR DIRECT
10.6 kWh 11 -BkWh 28%
2.9 kWh
by op qy .org | vB.3.5

https://lemoncms.org

FROM GRID

72%

7.7 kKWh



Emoncms

OpenEnergyMonitor Tools

T D

= My Blectric e 0 ol = wbectic

POWER NOW USE TODAY POWER NOW

209W 4.4kWh J| £0.06/h
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READ MORE




OpenEnergyMonitor

Community Forum

all categories * Categories New (2) Top Bookmarks My Posts + New Topic

Importing NREL Solar Models in to EmonCMS

pvwatls

Dashboards - no data visible after upgrading to 9.7.2

emonESP firmware development

Simple Zoom Not displaying Power

emonhub  emoncms

Integrations

Website performance reports & Staff

https://community.openenergymonitor.org
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0 ) E: , New user guide
' 4 L AT helps make
g getting started
——— easier

https://guide.openenergymonitor.org



OpenEnergyMonitor

/| Connect
Site Map

Setup

« Previous step: Required Hardware Hardware
Connect
Next step: Install »

First Boot

This guide assumes you are using an emonPi /| emonBase pre-built SI

Emoncms

Applications

Emoncms local: Emoncms instance running locally on the emonP
Emoncms remote: Emoncms.org cloud server. Integrations

New user
guide

. LightWave RF Contro helps
emon emon maie

getting

() —— e iiog
== NH'P started
== | Ethernet Service Credentials )
II’ / Soaiee easiler
_# DC — Resources

1. Connect Ethernet and USB power

= D

https://guide.openenergymonitor.org/setup/connect



Auto Detect Emoncms setup wizard in
development...

2 devices detected:

emonTx v3
Energy Monitoring Mode

Select your configuration:

® Home Energy Monitor
* Solar PV Monitor

emonTx v3
Energy Monitoring Node

Select your configuration:

* Home Energy Monitor
® Solar PV Monitor

https://github.com/emoncms/autoconfig



OpenEnergyMonitor Store

About | Setup & Documentation

My Account Order Status WView Cart Sign in or Create an account

Categories

System Bundles
Base Stations
Sensor Nodes
Control Nodes
Displays
Sensors
Programmers
Power Supplies
Wireless Modules
Microcontrollers
Prototyping

Specials

emonGLCD - LCD
Display Unit - Kit

£48.00 (inc VAT)
£40.00 (ex VAT)

Choose Options

! :
100A max clip-on
current sensor CT

£8.60 (inc VAT)
£8.00 (ex VAT)

Add To cart

emonTx Arduino
Shield SMT

£11.04 (inc VAT)
£9.20 (ex VAT)

Choose Options

®

emonBase - web-
connected base-
station

£56.39 (inc VAT)
£46.99 (ex VAT)

Choose Options

RFM&9Pi 433Mhz
Raspberry Pi Base
Station Receiver
Board
£18.60 (inc VAT)
£15.50 (ex VAT)

Pre-Order Now

Optical Utility Meter

LED Puise Sensor

£18.97 (inc VAT)
£15.81 (ex VAT)

Add To Cart

Forum | Support | Payment, TAX, Shipping & Returns | Terms of Service

[
[
Y
emonTx V3 -
Electricity Monitoring
Transmitter Unit -
433MHz
£60.00 (inc VAT)
£50.00 (ex VAT)

Cheose Options

emonTH 433MHz -
Temperature &
Humidity Nede

£27.36 (inc VAT)
£22.80 (ex VAT)

Choose Options

Open Hardware Business (Megni)

e Local Manufacture: PCB's manufacture in UK,
SMT assembly in Bangor, N.Wales.

e Worldwide shipping: Over 10,000 orders to over
70 different countries over past 3 years.

e Open hardware business is an effective model
for making and distributing technology,
providing employment and supporting
open-source development.

e Blurs the traditional lines between “business”,
academic research and education.




emonPi Embodied Energy

EmonPi Full EmonPi Shield only
SMT Crystal? SMT Components
EmonPi Shield 12.7% 9.0% 454Wh 2.0% 100Wh

5.1kWh

RaspberryPi 25% Integrated
i circuits: 4.6%

236Wh Assembly 32%

1.6 kWh

EmonPi LCD
Assembly 9.5%

el Connectors

9.4%
475 Wh

TOTAL
5.1 kWh

Sensors and Power

Adapter 27% 0
10.9 kWh PCB 43%

2166kWh

Assuming installing in average household, if a 5% reduction in energy can be achieved the
emonPi will save the amount of energy used in it's manufacture in 3 months.

https://blog.openenergymonitor.org/2015/07/open-source-circular-economy-oscedays/ OSCE
https://blog.openenergymonitor.org/2015/06/investigating-embodied-energy-of-emonpi/ DAYS



https://blog.openenergymonitor.org/2015/07/open-source-circular-economy-oscedays/
https://blog.openenergymonitor.org/2015/07/open-source-circular-economy-oscedays/
https://blog.openenergymonitor.org/2015/06/investigating-embodied-energy-of-emonpi/
https://blog.openenergymonitor.org/2015/06/investigating-embodied-energy-of-emonpi/

POWER NOW

POWER NOW:

VIRTUAL STORE

RENEWABLE GENERATION

Onsite solar: 319W

How much energy do | use?
How can | reduce my energy use?
How does my energy use compare to other people?

Is my electricity coming from renewable energy
now?

When is a good time to do my washing or charge my
car today?

How much solar, wind turbines, hydro do | need to
supply my demand?

How much energy storage do | need?

How can | intelligently control my heating?

Open source energy monitoring and associated energy
planning tools can help us understand, plan, test and
manage our new zero-carbon energy system in an open
way that empowers people to get involved with where
their energy comes from and how it is used.
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Publisher

The glue of Internet of Things...#1 Nm 8 - &

e M2M publish / subscribe message transport protocol & &
[ RU nS Over TCP/IP Subscriber
e Lightweight, open, simple and secure
e Used in Facebook messenger, llly coffee machines and | MQTT topic:
emonPi energy monitor :-) emon/<nodename>/<keyname>
e.g. emon/emontx/power1
emonPI
: emonPi
[ emonPi LCD ] [ el ]
RFME9CW GPIO Eultc-n
INTO
AC -AC 12C
ADC Shutdown button GPIO
17/ Pin 11
) OpenHAB
M Dig8 % (port 8080) ]
A o = 2
(€ emonPi "
& Shutdown '%c“’:@, [
CT?2 Push ‘%ﬁ?f@% Base topic: {emon/
93 Button )
INTq Digd emonHub
¢ L Python Service
Optical DS18B20 So,
Pulse Temperature +\° pecore S piblsnib et
Sensor Sensor(s) %, %
\. ’%&%’@3 N Avrdude
e Autoreset
{.hex Compied ATmaga32d
OpenEnergyMonitor.org ol i) Raspberr}f Pi

http://guide.openenergymonitor.org/technical/mqtt/



MQTT Interface

emonHub publishes data to MQTT topics:
emon/<nodename>/<keyname>

e.g. emon/emontx/power1

RFM69CW nodes e.g.
emonTx V3, emonTH

\

Emoncms
emonHub MQTT
(local)
emonPi via GPIO serial
REST API

http://guide.openenergymonitor.org/technical/mqtt/



Il Integrations

Edit on GitHub

Edit on GitHub Prose

Site Map

Pre Installed on emonPi

Assuming pre-build 50 card image emonSD-03-May16 or later

Node-RED

MNode-RED is a tool for wiring together hardware devices, APls and online services in new and
interesting ways. UUsing NodeRED the emonPi can become a central hub for home automation,
control and notification.

OpenHAB

Open Home Automation Bus (OpenHAB]) is “a vendor and technology agnostic open source
automation software for your home”. OpenHAB is java based and can run an an emonPi
(Raspberry Pi) and is very flexible and can be configured for just about any home automation
task

LightwaveRF Control

LightWaveRF produce a variety of RF plugs and relays which can be controlled via OOK (on-off-
keying RE The LightWaveRF OOK protocol is also compatible with some lower cost un-
branded COK learning receivers relays.

No Installation Required

WiFi MQTT Control Relay Thermostat

Multi-purpose Wifi connected relay control board. Applications include: remote heating an A'C
systems control via nodeRED, openHAB and Android Tasker etc.

Installation Required

Home Assistant

Fully open-source python based home automation platform, similar to openHAB but easier to
setup with some nice auto-detection. Tested to work on emonPi (requires install)

Setup

o Hardware

o Connect

o Install

o Log Locally

o Log Remotely

o Dashboards

o Add Energy Nodes
o Add Temperature Nodes
o Import/ Backup

o Use in North America
e Troubleshooting

Emoncms

e Daily kWh

o Daily Averages
o Exporting CSV
e Histograms
e Emoncms API

Applications
o Home Energy
o Solar PV
o Heatpump

Integrations

e Mode-RED

o DpenHAB

o Control Relay

o LightWave RF Control

Technical

e Cverview

o Specifications

o Senice Credentials
o MQTT

e Resources

Support

o Community Forum G
o Contact

OpenEnergyMonitor &'

A project to develop open-source tools to help

e e e e M e LI

http://guide.openenergymonitor.org/integrations/



The glue of Internet of Things... #2 D%

Node-RED

e Tool for wiring together hardware devices, APIs and services in new and interesting ways.
e The emonPi can become central hub for home automation, control and notification.
e Open-source, developed by IBM

@ emonpi1880/#
=/ Deploy ~ - —
Q emonPi emonESP test Emoncms.org monitoring weather - nfo debug
file

file 0

v analysis
0
sentiment

v advanced 0
&
watch
If emonTH battery < 1.7V
i _ e D
feedparse Send email notification
emon/emonthl/battery T
exec
® conne 2
Limit to one email per day
v Raspberry_Pi emon/emonthb/battery
@ connects .
pi gpio 195
./ i gpio emon/emonpi/power1 — View emonPi power output ;
rpi mouse 0
rpi keyboard
g ledborg 592
v weather
25

wmindarnrnnned

http://guide.openenergymonitor.org/integrations/nodered/



MQTT ESP8266 WiFi Relay / Thermostat

B ] 192.168.0.36:2015/control/thermostat.html 97 D s

Heating

Schedule

SET POINT:

- 19.5°C =

Temperature: NaN°C

Schedule

TUE 22:43

Wiei Settings [ [
- am S -

MQTT enabled?: » To connect to a WiFi network, please select one of the detected networks... -_k-.

Host: 192.168.0.12

Port = - | —— I

Keepalive (sec): 120 < alll 8 crumble

Device ID: VESIV4Z46U

Current IP: 192.168.0.36

MQTT Settings

Current WiFi mode: STA

User: emonpi [Spii | Merge
Password: WiFi PaSSWOI: essseeese
Use TLS?: Mode: Static IP v |

o IP address: 192.168.0.36 H H
Subscribe topic: heating/control/# IP mask: 555 DB SR Relay can be controlled by pu blishi ng 1or0to
Publish topic: heating/status/ GW address:  192.168.0.1

the MQTT control topic, default:
‘heating/control/relay/1’

| Back | Save |

| Back | Connect! |

https://guide.openenergymonitor.org/integrations/mqtt-relay/
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LIGHT WAVE RF

® WwrFPIug

' LWRF Plug 2

® WrrPiug3

® LWRFPIug4 7

emonPi - Raspberry Pi based energy monitor E

i Suscrib
(Cgt?: 2{;22 . Publish MQTT Server w i ( RF Transmitter
Plug 1=0N) LightWaveRF (Eaiiz Q0K
MQTT Service
“01” > “lwrf’ topic J/
) —
.A &V/ RF “ON" Control Signal
v
v:a | | [
v:-4a B
| LightWaveRF
- (Remote Plug)

https://guide.openenergymonitor.org/integrations/lightwaverf/



+ DpenEnergyMonitor X = =

& () emonpi8080/openhabapp Q@ ¥

rJopenHASB

pERCmpoworeng Ehe smak home emonPi
P _ ¥ Power1l 169 W
OpenEnergyMonitor
Living Room
emonPi -
‘ 1 Temperature 18.3°C
2 :
i Power.1 15w ‘ 1 Humidity 69.2 RH
“> Power 2 0w
a— Outdoor
A Voltage 242.2 VRMS | 1 Outdoor Temperature 14.1°C
emonTH (node 23) Heating
; ' Heating Control
‘ 1 Temperature 14.3“[:‘ | Q mu
I Downstaris
Control
o @
‘ @ LWRF Plug Control > ‘ ) Projector or fon
‘ % ESP WiFi Relay > ‘ \/ Phone Table Lamp (o fon’
Reading La
©2010-2015 openHAB.org Q cacing ~amp m m
Q Kitchen m m
Upstairs
http://www.openhab.org/ |
Q Blanket m m

http://guide.openenergymonitor.org/integrations/openhab/
©2010-2015 openHAB.org



3@ 0 @ m01:15

Lights S / Living Room
B B Living Room 17.4°C
eading Lamp -
’ 12 hours ago x ’ > minutes ago
il 5 Thermostat 14.43°C
- : ofaamp N 11 tes
= emonPi Demo ¥ 12 hours ago X ¥ RS
) Heating
’ Kitchen \{ ’ ’ 44 minutes ago »
g .. A 12 hours ago
i 'E!:' |
ok Power
Bedroom
B&d 19570 a Power 236 W
edroom s
a few seconds ag
MQTT WiFi Relay Room Nodes e a few seconds ago
Electric Blanket o Solar ow
Themostat 14.12°C EmonTH1 Temp 14°C ecticBlanke v " 12hoursa
ﬂ'_ s FE i St E. AL 1 ’ 12 hours ago \ ’ hours ago
0 Sun Below
‘ Heating » I!!' EmonTH1 Humidity 56,1 °C *+* Shours ago Horizon
S People
EmonTHS Temp 138°C .
A C @ Ay Home  Media Player
3 hours ago
PDWE r EmonTHS Humnidity 0*C Brynrefail Big And Wide Off
E' 1 ) BROPS MBS ﬂ 2 hours ago
. T 2 hours ago
EmicnPi Power] 255 W Buttery Biscuit B off
el s e uttery Biscuit Bass
Q ehn Hof= m 5 hours ago
16 minutes ago
ErnonPi Power2 0 . i
A SWHCh Phone Battery 69 % ] !;;2?::02’1 off
104 30 minutes ago - 9
EmonTy Pover) Lnkrncown W ! LWRF 1 - . Living Room Tennessee
3 {i i \.h'- ! 40 minutes ago The Wreckers

https://home-assistant.io
http://guide.openenergymonitor.org/integrations/



LightWave RF MQTT Light Control Demo

© IP Webcam X \ E Node-RED : X

Q@ KO 9 OCBH a O =

POWER NOW USE TODAY

/ (T OpenEnergyMonitc X

Iwrf 0 - at most once v
i Message
Light Wave RF
_ 20
. LWRFPlug1 o]
LWRF Plug 2 — p
B s S M e W BTl BB s s [N BN B i B s S [ h ESb't'
‘ upscriptions
. LWRFPlug3 ) p
Topic: Sheiwd
LWRF Plug 4 z owing the last 1 [
" ug E 2" messages — 4+ [ ] Messages: 0/14 PN
©2010-2015 openHAB.org . i
# Time Topic QoS
13 12:27:55 m o o
Message: 21

d by openenergymonitor.org | lo ite 9 RC2 | 20



emonESP

& L | wii ] wor

Mode: Chent (STA) MQTT Server™:
OpenknergyMonitor - -62 e.g 'emonpi’, ‘test. mosquitto.org’, or '192.168.1.4'
IP Address: MQTT Topic*:
10.0.1.93
‘ Emon/emonesp
Username:

Emoncms Server®:

emonpi

Emoncms.org

VFS

: i ; . Leave blank for no authentication
£.0 'emoncms.org’, 'emonpifemoncms’, or
"192.168.1.4/emoncms’
Password:

MNode Name*:

2
Leave blank for no authentication

E.g 'emonesp’ or heatpump’

Write apikey*: m Connected: Yes

Latest Data
55L 55H-1 Fingerprint:
TD:82:15:BE:D7:BC:72:58.87.T0-BE-40:D4:

CT1 3935w
HTTPS will be enabled if present e.0:

CTZ 325W
TO:E2: PN EBE:DTBCT2:58:ET: TRUEE 40-Du:B0CRA 1 A SF-BE -BO: DA

T1 12.5°C
m Connected: Yes T2 16.9°C

T3 11.2°C
Successiul posts: 171

T4 34.7°C

https://community.openenergymonitor.org/t/using-the-e

montx-v3-with-the-esp8266-huzzah-wifi-module s

121688
https://github.com/openenergymonitor/EmonESP

Powered by OpenEnergyMonitor.org



https://community.openenergymonitor.org/t/using-the-emontx-v3-with-the-esp8266-huzzah-wifi-module
https://community.openenergymonitor.org/t/using-the-emontx-v3-with-the-esp8266-huzzah-wifi-module
https://community.openenergymonitor.org/t/using-the-emontx-v3-with-the-esp8266-huzzah-wifi-module
https://github.com/openenergymonitor/EmonESP
https://github.com/openenergymonitor/EmonESP
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POWER NOW VIRTUAL STORE RENEWABLE GENERATION

E: -147W -
[~ Y

L4
Onsite solar: 5W
Wind from grid: 525W




