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E4000 Air Quality Probe

Gateway or sensor

Indoor Air quality is becoming a major concern because of the new Building regulation coming into force
regarding energy saving to minimize global warming and CO2 emission.
Buildings are becoming more and more air proof and thermally isolated; therefore, air renewal is becoming
the main source of energy loss. Double flow heat exchangers HVAC are reducing energy loss but very low
energy consumption target will require renewing air when it is mandatory only.
Indoor air quality is affected by CO2 breathing but also by Volatile Organic Compound (VOC) like
Formaldehyde (from natural wood or compressed wood), Styrene, toluene or other carcinogenic like
benzene coming from furniture, carpet, plastic, decoration, activity..
E4000 probe manages HVAC to save energy according to future Building European regulation of 2015 in
maintaining safe and healthy indoor air.
The ROI (return on investment) is less than 2 years.
Main features:
The E4000 air quality probe is measuring:
 CO2
 VOC total (compatible with future VOC-IDS1 technology)
 Relative and Absolute Humidity
 Dew Point
 Temperature (with auto adaptative PID commands)
Modular Building Automation Interface:
 RS485
 KNX TP1 (Europe and Asia)
 LON TP (North America)
 POE
 EnOcean
Modular Analog Output:
 CO2 + VOC + RH : 0/10V
 Alarm low and High (dry contacts)
 Settable alarms thresholds
1

Identification and quantification of VOC to optimized air renewal as there are a large range of toxicity levels among
VOCs. VOC-IDS is a cooperative program supported by EC with technology and data processing similar to
electronic nose

Gas sensor technology:
 Solid state (Cheaper than NDIR) or NDIR in option
 Consumption is divided by 3 compare with NDIR.
 Plug and play CO2 and VOC sensor modules (life duration > 10 years)
Competitors
Don’t have modular Building Automation Interface
Have one or two sensors maximum (CO2 + Temp)
No VOC probe available with KNX, LON, POE or EnOcean
Consumption for CO2 sensor is generally 1.5W compare with 0.5W for E4000
Are more expensive (about twice)
Entirely disposable after 10 years compared with interchangeable gas sensor modules of E4000.
Technical Specification
- Power supply: KNX bus (45mA) or separate from 12V to 24V AC or 15 to 31V DC (+ / -10%) / 45mA
for RS485 or LON.
- Sensors:
• CO2: solid state or NDIR as an option for severe environment with chlorine.
• VOC: solid state
• Humidity: solid state capacitive
• Temperature: NTC
- Recalibration of Zero: Automatic every 24 hours for CO2, every 20 days for VOC.
- Outputs:
1) Two dry contacts with following activation threshold of CO2 or VOC or RH parameterized by
four DIP switches:
- Threshold 1: CO2: 500 or 900 ppm (selectable) / 0.5 ppm formaldehyde equivalent
(VOC) over 10 minutes / 75% RH over 20 seconds.
- Threshold 2: CO2: 1250 or 1800ppm (selectable) / 3 ppm formaldehyde equivalent
(VOC) over 2 minutes / 85% RH over 20 seconds.
- Type of contacts: normally open (NO) or closed (NC) selectable for each alarm.
- Dry contacts: Isolation 3750 V rms / 1 min, 30VDC / 0.6A max.
- Hysteretic of contact: CO2: 5%, VOC: 10% threshold equivalent formaldehyde, RH: 5%
threshold.
2) 1-10 V output representing a mix of CO2, VOC and RH if > 75%.
3) Output Bus Communication: Modbus RS485, KNX, LON and or EnOcean according to module
installed.
Information available on the Bus:
- CO2 expressed in ppm
- VOC expressed as equivalent ppm formaldehyde
- Ambient Temperature in °C
- Relative Humidity in % and Absolute in gr/l, Dew Point in °C in KNX and LON
Response time < 30 seconds
Start Time for 90% of performance ratings: 24 hours (C02 and VOCs measured after 2 minutes but forced
at 390pp and 0 respectively at start up)
Lifetime
Gas sensors: 10 years under normal use.
Humidity: drift max +/-0.5% RH/Y
Temperature: Unlimited.
Accuracy
CO2: + / - 100 ppm & 15% (50ppm & 2% in NDIR) at 25°C and 1013mbar, measuring range: 390 to
3500 ppm (2000ppm in NDIR), 10 ppm resolution.
VOC: + / - 0.1 ppm & 15% (Formaldehyde equivalent, see table). Max 300ppm, 0.01 ppm resolution
Above accuracies require the probe to be associated with active air renewal.
Relative Humidity:
+ / - 3%, measuring range: 10% to 90%, resolution 1%.
Temperature: + / - 0.3° C, resolution 0.1° C, range from 0° to + 50° C.
Dimensions
135 x 90 x 28 mm

VOC Sensitivity
Health
Gas

Molecular Formula

Comfort
Odor
TLV in ppm
threshold
(15 minutes)
in ppm

TWA in ppm
(8 hours)

Rs/Rs0
TWA

0,5

0,6

2
2,5
750

10
NA
NA
2
1
5
3
700

Formaldehyde

HCHO

Benzene

C6H6

1

0,58

Tetrachloroethylene
Acetone

C2Cl4
CH3COCH3

50
500

0,5
0,03

Ethanol
n-Hexane
n-Octane
Toluene
Xylene
Methanol
1-Pentanol
Ethylene Oxide
Acetaldehyde
Acetic acid
Propionic acid
Valeric acid

C2H5OH
CH3(CH2)4CH3
CH3(CH2)6CH3
C6H5CH3
C6H4(CH3)2
CH3OH
CH3CH2CH2CH2CH2OH
(CH2)2O
CH3CHO
CH3COOH
C2H5COOH
CH3(CH2)3COOH

1000
50
330
50
100
200
100
1
100
10
2
50

0,022
0,1
0,01
0,025
0,009
0,07
0,025
0,555
0,02
0,217
0,3
0,01

Butyric Acid
Ammonia
Hydrogen Sulfide
Dimethylsulfide
n-Hexane
2-Butanol (butyl
Alcohol)
2-Methylpropanol
Diethyl ether
Cyclopentane
Hydrogen
Ozone

CH3CH2CH2COOH
NH3
H2S
CH3-S-CH3
CH3(CH2)4CH3

25
10
0,1
50

0,409
0,05
0,75
0,1

CH3CH(OH)C2H5
(CH3)2CHCH2OH
(C2H5)2O
C5H10
H2 (tobacco presence)
O3

50
200
400
600
50
0,1

0,08
0,02
0,07
0,1
0,7
?

TWA : Time Weighted Average (8 hours), TLV : threshold limit value (15 minutes)

100
375
80
150
1000
5

2

Characteristics

100%

0%

5

97%

65%

35
100

83%
5%

50%
4%

4%
17%
2%
4%
2%
12%
4%
93%
3%
36%
50%
2%

65%
0%
0%
33%
19%
58%
25%
3%
0%
77%
0%
0%

68%
8%
125%
17%

0%
125%
0%
0%

13%
3%
12%
17%
117%
?

0%
0%
0%
0%
0%
0%

3

pungent

10

vinegar
rancid
sweating

50
15

rancid butter
pungent, irritating
rotten egg
decaying vegetable

0,2

Trigger
% of the TWA with
% odor threshold,
threshold at 0.5ppm with threshold at 0.5
Formaldehyde
ppm Formaldehyde

0,1

NA
0,01

irritant

To read the above table, it should be considered that if the threshold is below 100% of the
TWA there is a substantial safety margin. If the threshold is below 100% of the odor
threshold, air extraction would take place before the odor can be perceived.
In using a limit of 0.5 ppm formaldehyde, we obtain a sufficient sensitivity to trig below the
TLV of most of toxic gases and domestic VOCs listed and even below their olfactory
thresholds. Odorless gas with NA mentioned means Not Applicable

This sensor is sensitive to many other gases and it would be impossible to list them all.
However gases tested in the table are representative of most common household VOCs and
odorous or toxic gases.
To be noted that hydrogen is not toxic and does not have a TWA but a TWA equivalent is
used as an indicator of cigarette smoke because the tobacco burns is characterized by the
presence of hydrogen.
Beware; olfactory thresholds can vary considerably from one individual to another. Values in
tables are mean values from official documents.

PCB connections

EnOcean Module connector

CO2 NDIR Module Connectors
NDIR CO2 Module
Sensor Modules

Data Bus
RS485

24V AC
15 to 35V DC

Connectors for
optional modular
data bus board

Data Bus
KNX or LON

LCD
Connector

OPTIONS

LEDs incicator

EnOcean Board

Analog Board

KNX Board

LON Board

LCD tool

Setting
With Analog Output module

Dry contacts
Threshold Nb 1 & 2

Analogue
1/10V

Threshold setting:
Th 1 High or Low
Th 2 High or Low
NC or NO Th 1&2

In RS485 Bus mode

Data Bus RS485:
Slave Mode by default
Master Mode for annexe probes when KNX,
LON or EnOcean module installed

RS485 Bus Adresse

Threshold setting:
Th 1 High or Low
Th 2 High or Low
NC or NO / Th 1 or 2 EnOcean

Bus RS485 Address setting
Heating and cooling
temperatures set point

Address setting

With KNX Bus module
Setting with ETS

24V AC Power supply
or 18-31V DC optional

KNX Bus

KNX board

KNX LED setting
Button

With LON Bus module
Setting with any Lonworks setting software like NLFacilitiesTE

24V AC Power supply
or 18-31V DC optional

LON Bus

LNS Plug In

LON Board

Service Button for
LON

With EnOcean module
Gateway Mode to KNX or LON and annex RS485 probes:

EnOcean Module

Gateway capacity:
 10 EnOcean sensors (Full EEP2.5)
 5 EnOcean actuators (Full EEP2.5)
 Radon (RS485 annexe probe)
 Particles (RS485 annexe probe)

Pairing
EnOcean

With EnOcean module only
Sensor Mode (with gateway function for RS485 annexe probes)

EnOcean Module

Alimentation 24V AC
ou 18-31V DC










Temperature
Humidity
CO2
COV
Ventilation Commands
Heating and cooling Commands
Radon (if RS485 annexe probe)
Particles (if RS485 annexe probe)
Ozone (if RS485 annexe probe)

Actuators pairing
Sensor paring
Temperature set point
Heating and cooling
Repeater activation

With POE module

IP board with power supply

Sensors

VOC Module

CO2 Module

Temperature

Humidity

NDIR CO2 Module

VOC Module

Temperature

Humidity
NDIR CO2 Module back side

Body Installation

Hole for cables down

Screws

Auto calibration of gas sensors
Solid State CO2 sensor
This type of sensor drift slowly but an ABC algorithm type (Automatic Background
Calibration) is used to compensate this drift as follows:
24h after the last auto zero, 50 ppm is artificially removed from the measured value. After
some hours of unoccupancy, the sensor is exposed to a concentration corresponding to the
outside air due to the 10% of the nominal value ventilation (minimum required for the health
of the building). Once the measurement is less than 390ppm, the "zero" is automatically
updated (zero term means this is actually 390ppm CO2 because it is the lowest level in the
atmosphere). Thus, if the sensor drift is negligible, 50 ppm being artificially subtracted, the
first auto zero will start from 390 +50 = 440ppm. This usually occurs during a dilution so a
CO2 decrease; it will happen multiple times until CO2 concentration stop to decrease. That
shows that this type of sensor is not suitable to certain situations when human presence is
continuous like for hospital bed rooms.
NDIR CO2 sensor
The sensor used has two IR light sources, one for the measurement that takes place every 25
seconds and the other one as a reference during the self-calibration. This calibration takes
place every about 20 hours.
Light source is compared daily to the reference source and CO2 concentration from the 2
sources compared.
The aging of the reference source is considered as zero over 10 years; the measuring light
source will have been activated 20 million times compared with only 4400 times for the
reference source.
Self-calibration is based on actual measurement at any CO2 concentration.
This sensor is suitable for hospital and for particular case where human presence is
continuous (police, uninterrupted process control room....).
VOC sensor
The VOC sensor is initially heated for 3 days prior factory calibration.
It is then calibrated with an « air zero » (cleaned air) and several injections of VOCs to
determine the response curve of each sensor to formaldehyde.
Sensor drift is extremely low and auto zero process does not manage this drift. Auto zero is
based on environmental conditions of the building. Auto zero also uses zero ABC algorithm
(Automatic Background Calibration)
Indeed, the “air zero” is extremely difficult to obtain outside laboratories as outdoor air is
rarely pure. It is therefore unrealistic to ventilate to get such a low value. The only solution is
to consider the lowest value measured as the target value (beyond it would be useless over
ventilation).
The lowest value is treated as zero. If an even lower value is observed it becomes immediately
the new zero.
On the 20 days period, the new zero is the average between the lowest value seen in this
period of time and the current value. This value is therefore progressively averaged by period
of 20 days unless a lower measured value instantly and automatically resets the zero. This
method takes into account the evolution of the incoming outside air quality.
The graph below shows the algorithm of auto-zero over a long period of time (with a break of
a few days around the 37th day.
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To be noted that after waiting 20 minutes after tart up to condition the VOC sensor, the first
measure is forced to zero and it is helpful to activate the ventilation with the minimum 10% or
count on the CO2 to lower VOC concentration to automatically adjusts the zero. (See the
beginning of the curve). It may be necessary to wait few days to take advantage of the
maximum sensitivity of VOC sensor.
If the facility has a system for incoming air treatment by photo catalysis and / or activated
charcoal, the probe will have a better sensitivity and indoor air quality will be significantly
improved. This principle is recommended in urban areas and near roads with heavy traffic.

Growth Potential
NanoSense is the initiator of the European project VOC-IDS that should be completed by end
of 2014 for the identification of VOCs with a single solid state sensor. This technology is
similar to that used in electronic noses.
The advantage is that some VOCs being detected by large spectrum sensor (VOCT) are not
always toxic (alcohol, sweating etc...) and that the toxicity threshold of a VOC to another can
vary in ration from one to 1000.
It is estimated that with some scenarios, the energy savings provided by VOC-IDS technology
could reduce energy consumption by air renewal by a factor of 20!
The E4000 probe is already compatible with future VOC-IDS sensors. Update will be
extremely simple..
Also specific VOC sensors module (like formaldehyde to come) could replace the total VOC
depending of customer need.

VOC IDs Module

Gateway for annex probes

Presence, Lux
Openings

Setting & remote control
Temperature

Switches

Actuator

KNX; LON, POE
Peripherals devices

Electrochrome
Diffuser

EnOcean
E4000 probe has an optional module for EnOcean radio link (http://www.enocean-alliance.org) to
integrate different devices as:







Switch (ON / OFF, Up / Dimming) for lighting, shutters, blinds ...
Presence and brightness probe (ceiling) for lighting control.
Opening contact probe for door handle or window.
Room thermostat and settings (day, night, frost)
Remote control and setting (lighting, shutters ...)
Actuator for light, shutters, blinds ...

Telegrams received from any EnOcean wireless unit are interpreted by the E4000 probe, and data
formatted in KNX Group Objects or LON or even Modbus RS485.
The technology of EnOcean Alliance is based on wireless technology and Energy Harvesting for
sensors without batteries and maintenance (mini solar cells). More than 160 companies are members
of the EnOcean Alliance. Interoperability with various manufacturers of these products allows for
quick installation and low maintenance probes devices (no batteries to change).
To avoid the use of repeaters and reduce installation constraints related to radio propagation from one
room to another, it is recommended to use one E4000probe with EnOcean Gateway per room rather
than a single gateway for several rooms as much as KNX address management will also be simplified.
RS485 Master
• Annex PM1, PM2.5 and PM10 particles Probe
• Annex Radon Probe
• Ozone probe (from laser printers and copiers)
The KNX and LON database for E4000 probe manages all annex sensors.
The EnOcean module in sensor mode transmit all data from RS485 annex, probes

EnOcean sensor mode

The probe must be supplied in 24V and will send cyclically EnOcean radio telegrams to
control any type of ventilation, heating, cooling and provide information on air quality.
The following telegrams are sent:
Air Quality
• Controls for ventilation (Bi Directional)
Or
• Commands for continuous ventilation (uni-directional)
Or
• Commands for single-speed ventilation (ON OFF)
Or
• Commands for Two-speed ventilation
And
• CO2, Humidity and temperature Measurements
• VOCs Measurement
And, if annex probes are installed:
• Radon Measurement
• Particles Measurement
• Ozone Measurement

(EEP 4BS: A5-20-02)
(EEP RDS: F6-02-01)
(EEP RDS: F6-02-01)
(EEP RDS: F6-03-01)
(EEP 4BS: A5-09-04)
(EEP 4BS: A5-09-05)
(EEP 4BS: A5-09-06)
(EEP 4BS: A5-09-07)
(EEP 4BS: A5-09-05)

Heating

• Control valve (Bi Directional)
Or
• Control valve Basic (Bi Directional)
Or
• Control valve (Bi Directional)

(EEP 4BS : A5-20-01)
(EEP 4BS : A5-20-02)
(EEP 4BS : A5-20-03)

Or

• Control valve by steps (uni directionnel)
Or
• Control Generic HVAC Interface (Bi Directional)
Or
• Temperature (setting + measure)

(EEP RDS : F6-02-01)
(EEP 4BS : A5-20-10)
(EEP 4BS : A5-10-03)

Cooling
Dito
The ventilation control algorithm is similar to that of the relays (ventilation one or two speeds) and
1-10V output (continuous ventilation) of the analog module and combines the CO2 the VOCs and
humidity measurements.
The setting of thresholds of CO2 and humidity (VOC thresholds are regulatory) is active in EnOcean
sensor mode as for the analog module.

EnOcean sensor mode
Ventilation Commands

Diffuser

x

Actuator

Heating Cooling Commands

Presence
Openings

Card reader
Switches

Air Conditioner

Actuator
Heater Valve

Simultaneous Configuration Summary
Modes

RS485 Slave

RS485 Master

Analog

EnOcean Gateway

EnOcean sensor

Main Bus










No daughter
board

KNX
LON




























RS485 master mode is used for Radon, Particles and Ozone annex probes
Summary of power supplies
Power Supply
Main Bus
No

24V AC or DC
External power
supply

Power supply
via the Bus

Power supply of RS485
annex probes
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