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Agenda

* The benefits of improved indoor environment (IAQ)

 The link between IAQ, HVAC (Heating, Ventilation and A/C)
and sensors

 More about sensors for better IAQ

e Barriers and challenges

The aim of this presentation is to present the
current status of the MONTIE initiative

....and to inspire innovative thoughts for possible new
sensors solutions in HVAC applications
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The benefits of improved indoor environment (IAQ)

The importance of indoor air quality (IAQ) in buildings is indisputable.

People spend about 90% of their time indoors (at work, at home, transport)

Intake for a person per day: Comfort-Productivity costs:
» 1 kg food * People 100
» 2 kg liquid * Maintenance 10
e 15 kg air « Financing 10
* Energy 1

In typical office buildings
20 — 40 % of occupants have SBS symptoms
10 - 60% find the IAQ unacceptable (even though existing ventilation standards are met)

Field studies show substantial rates of dissatisfaction in practice
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The benefits of improved indoor environment (IAQ)

IAQ impacts occupants’ comfort, health and performance
Indoor Pollution Sources

Experimental set-up at
Tech. Uni. of Denmark (DTU)

Low polluting bluilding

Non low-
polluting
building
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The benefits of improved indoor environment (IAQ)
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The benefits of improved indoor environment (IAQ)

Experimental set-up at DTU
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The benefits of improved indoor environment (Thermal)

General thermal comfort

Personal factors Environmental factors

 Clothing » Air temperature
 Activity » Radiant temperature
» Air velocity
« Humidity

Local thermal comfort

Floor surface temperature

Vertical air temperature difference

Draught (mean air velocity, turbulence, air temperature)

Radiant temperature asymmetry (heated/cooled ceiling, warm/cool wall)

10 % decrease in dissatisfied will increase
performance by approx. 1.5 %
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The benefits of improved indoor environment (IAQ)

Potential savings and productivity gains are enormous

Macroeconomic estimation of productivity gains of improved IEQ

Source of productivity gain Potential annual health Potential US annual savings or
benefits productivity gain (1996 USD)
Reduced respiratory illness 16 — 37 mill avoided cases of 6 — 14 billion USD

common cold or influenza

Reduced allergies and asthma 18% to 25% decrease in symptoms 1 -4 billion USD
for 53 million allergy sufferers and 16
million asthmatics

Reduced SBS symptoms 20% to 50% reduction in SBS 10 — 30 billion USD
symptoms experienced by 15 mill
workers

Improved worker performance from changes 20 — 160 billion USD

in thermal environment and lighting

Total cost of energy in US commercial 70 billion USD
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The link between IAQ, HVAC and sensors

Traditional building HVAC control strategies are often insufficient to
provide a satisfactory indoor environment

Intelligent buildings with new, promising strategies are emerging ......

* Reliable, accurate and inexpensive sensors to measure key IAQ parameters are
becoming available

* Processes such as “Constant Commissioning”, an ongoing process to resolve
operating problems, improve comfort, optimize energy use and identify retrofits

..... they need to be combined with methods of using these measurements in
HVAC control strategies.

Legislation, i.e. the EU Energy Performance of Buildings Directive may help
* Integrated built-in sensors for diagnostics and inspection purposes
« Continuous calculation of energy consumption

 Explicitly specifies that reduction of energy consumption should not compromise
occupants comfort, health and productivity.
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Future needs for HVAC control strategies

« Improvements to existing sensors and some features of new sensors:
* Low cost, small size sensors integrated into HVAC/IAQ system components
» Self-calibrating, self-testing, self-diagnosing, and self-reporting sensors
* Sensors that automatically detect the need for a measurement
* Low power consumption
» Built-in algorithms for diagnostics, service and inspection routines
* Reliable. Low-drift,
* Running calculation of energy consumption

* Incorporation of low-cost processing and memory on sensor elements to generate information
from raw data and to store that information, reporting data only when anomalies occur

» Easy to implement (plug-and-play). Better system integration
 Communication (including a wireless option to reduce installation costs)

» Feedback to user regarding energy consumption and indoor environment status
e Long life (> 10 years)

* Documented system effects and pay-back

....the listislong ......

All these aspects are related to sensors and measurements ............
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Future needs for HVAC control strategies

Technology drivers:

e Automotive industry
« Aerospace industry
 Military applications
e High end buildings

» concert halls, conference rooms....

But comfort and prestige in
buildings and homes could
also be a driver
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MORE ABOUT SENSORS FOR
BETTER IAQ
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What do we want to measure - and how well?

IAQ Sensor Roadmap

Main IAQ parameters: A
« Temperature

. . . Further |I1|ZEIg'EI|I:I'| ol SENs0ns
e Carbon dioxide concentration i

* Relative humidity Mo system it
e Pressure variations s=nsors I_>

“Wirdless - Batiery operated x;;,
Wiraless — new ensngy soUrcas
Next step =
» Particles (dust, pollen ...) Dlecrets G2, T and RH sereas }
» Volatile organic compounds (VOC's) -
e QOther gases 2000 2005 2010 2015
C0Os Relative Temperature Pressure
concentration humidity (°C) variations
(ppm) (%e) (Pa)
Cperating range -30010) 10-90 0-40 )= 101060)
Creerall accuracy +/- &0 +/- 5 +/- 0.5 +/- 100
Fesolution 5 1 0.1 1
Cross sensitivity <2-3% <2-3% <2-3% =2-3%%
Response time Gl sec 120 sec Gl sec 0.01-10 Hz

Tentative specifications of the multi-sensor in terms of measurement performance
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Wireless monitoring and control systems

» Large number of nodes — wireless solutions are required
» Low-complexity and low power protocol
* Low system cost

» Sensor nodes have typically only limited amount of data to send
* Very low raw data rate (few kBits/s)
* Very small amount of data (couple of Bytes)

» Short to medium ranges (meters / tens of meters)
» Sensor nodes remain “quiet” in long periods of time

e .- . IAQ Sensor Roadmap
* Very long lifetime requirements 4
e up to several years Biosansars ek
* unattended operation Further nlagration of sensors

Torvoc, paickes and oher
pamametas

Micro systam incl.

SENS0ME
Wirtless - Battery operatad _">
less — new enemgy EDUI'E%
Discrata Coe, T ani

-

2000 2005 2010 15
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A note about short range communications

Differentiation
* Power Consumption
* Networking
» Complexity
* Throughput
* Reliability
* Interoperability
* Integration

Range
1000m _|

100m —

£3Bluetooth’

Wi-Fi/802.11
Bluetooth . @)
<Headsets *PC Networking

«PC Peripherals *Home Networking , ZONE
«PDA/Phone +Video Distribution

10m —

Im —

I I I I I
1k 10k 100k 1M 1om ~ DataRate

(bps)
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Wireless monitoring and control systems

ZigBee as a suitable candidate ?

Standard ZigBee™ / Wi-Fi™ /
IEEE 802.15.4 EEE 802.11b

ZigBee: The name of a specification for a suite of high
level communication protocols using small, low-power
digital radios based on the IEEE 802.15.4 standard for
wireless personal area networks

BlueTooth™ /

IEEE 802.15.1

Application focus Monitoring & Control Weh, Email, Video Ad hoc cable Replacement
Stack Size (kBytes) <128 1000 - 250 +

Battery Life (days) 100 — 1000 + 05-5 1-7

Network Size (#nodes) ~Unlimited (65536) Many 7

Bandwidth (kbps) 250 11 000 1000

Range (meters) 100 + 100 10 +

Target BOM costs <$3 %9 $5
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Examples of what sensor technologies are available

IR technology offers highly sensitive, selective and reliable gas sensors
« MEMS based IR sources, IR detectors, tunable optical filters, and complete *
gas and humidity sensors are available
* IR gas sensors are still expensive due to large size, expensive components,
packaging, and drift compensation. Higher level of integration is required

IAQ Sensor Roadmap

Blo-=ansoms ek,

Furthar Intagration of sensors
101 YOG, paricks and oher
paramelars

Micro system incl.
COz, T, pand RH
S=nsaors

« A DOE (Diffractive Optical Element) based CO, sensor B

i Wiraless — new energy Hmm&
A MEMS based photo-acoustic gas sensor for CO, [ :,L&m }
» Electro-acoustic MEMS-implemented CO, sensors - — - .

Why MEMS (Micro Electro-Mechanical Systems) for multi-sensors?

* MEMS based sensors are by their small size and fabrication and packaging technology potentially suitable
for multi-sensor integration

» Temperature sensors are easily implemented as an integral part of standard electronics
» Multi sensors are often based on integration of several sensors at the same electronic boards

 MEMS devices are potentially easy to integrate since the are small and often based on the same principles
(piezoresistive, capacitive and optical)

« MEMS also opens for a higher degree of monolithic integration
» Temperature sensors as part of the gas sensor chip
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What solutions are available ?
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Is "demand controlled ventilation” the solution

Possible to calculate the maximum

profitable investment:

* Due to reduced energy use only

* Due to reduced energy use, installation cost
and reduction of technical area

Energy use, installation cost and reduction of technical area

Maximum profitable investment for DCV pr celluar office

500,0
450,0 Pl

Maximum profitable investment due to reduced
energy consumption only

400,0 ~

200,0 //
100,0

0,0 T T T T T 1
1,00 0,90 0,80 0,70 0,60 0,50 0,40

Occupancy factor

MPI [EURO]

400,0 /
~350,0
300,0 /
250,0
’ v
200,0
) /
150,0
100,0 /
50,0 P
006

1 0,9 0,8 0,7 0,6 0,5 0,4
Occupancy factor

MPI (EURO

The impact increases with increased electrical energy cost
* Electrical energy cost of 0.25 EURO/kWh
* MPIl is 700 EURO per celluar office
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Is "Personalised ventilation” the solution

Large differences between occupants in regard to:

e  Preferred Temperature TN -
« Air movement sensation
 Clothing insulation level
* Activity level

* Air quality perception

Personalized ventilation

Clean air is supplied to the breathing zone
Individual control & preferred environment:
. airflow direction

. preferred temperature

. preferred velocity: 0.2 m/s — 1.8 m/s

Andy Drysdale, Danish Technological Institute
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Is "Personalised ventilation” the solution

Which system(s) would you like to have on your desk?

100

80 -

70 %

60 - 53 %
40

20 -

Percentage of subjects (%)

0%

o | \m— 5o

X%  Mixing

\ ~ Ventil.
~only
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Next step ”"Personalised heating and ventilation”
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EXAMPLES OF IAQ SENSORS
THAT HAVE BEEN IDENTIFIED
DURING THE PROJECT
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Example - IAQ sensors in the Nordic area

Hok Instrument Q-AIR wall- SenseAir infrared CO, sensor
mountable sensor for measuring for embedded solutions
CO,, temp, RH

Andy Drysdale, Danish Technological Institute
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Other examples of IAQ sensors

Schematic drawing of sensor chip

\\ /T L Eloo

Caompliance

Activating l 1
resistors on |"
diaphragm ol
e = =
--.”.'.‘-.,,,..I,,-.'-_';,._'l--'
LB s,
i

N

Silicon

Inertance and
resistance

- Sensor chip area: 3 x 3 mm.

el Packaged in a standard
ceramic package

MASCOT - Micro-Acoustic Sensors for CO2 Tracking.

The MASCOT project was co-financed by the EU IST programme
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Other examples - MEMS multisensor from the aerospace and
industry sector

FOLYMERIC PIEZORESISTOR PASSIVATION
SENSING LAYER STRAIN GAUGE LAYERS

P4 HYGROMETRIX

The Hygrotron
i Et ‘.|"|}"I“" E http://www.hygrometrix.net

SILICON MICRO-MACHINED
CANTILEVER BEAM

i gL
I_‘-Jl-_l. L

CONTACT PAD

\V/ Instrun’:e_nlation
\Y\ A:fhﬁer SILICON PLATFORM DIE SIZE: 2 mm X 2 mm
/ <1 > O RH
2l L Applications
« Environmental monitoring and control
Amplifier « Avionics and aerospace
- > O Temp e Dehumidification, industrial drying
= « HVAC
—— AN + Precision instrumentation
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Other examples - from the automotive sector

Source: Bosch Medical Service

Headache, CO,-Limit (Germany)

The Climate Control

Car indoor concentration SenSOF by BOSCh

sl (http://rb-k.bosch.de)
Working place CO, Limit (USA, EU)

Breathing rate starts to increase
Discomfort (20% dissatisfied)
Limit for offices

Discomfort starting (Pettenkofer)
Increasing sensitivity to smells
Qutdoor CO, level in air

Infrared
Source 16

;i 4 Persons, medium class car i
144

=]
o

CO2-Concentration [vol.%]
=
[==]

=1
F

f N

2 -
Infrared
Gas- ,
Detector ;
(Ref, CO2) 0

0 5 TD 15 20 25
Duration [min]
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http://rb-k.bosch.de

Other examples - from the automotive sector

www.airrex.co.kr

|

Drowsy driving
Wake up to the dangers ¢

Learn more

Introduced att the Llas Vegas Automobhile
Accessory Fair, Novu.1-4, 2005

ity sensor | Anion Generator

fo
el

1. Word first VAQ (Vohice Air €

2. Detecting CO5 level by NDIR (| ive InaFect sansor (L
3. Indicating air quality by 3 color LER ! to 'Poar’

4. CO; level warning: by buzzer andred

5. Helpful to driver's awarenass against ske p\ Ness

6. Large amount of anion: generating without ozone

. Safe & comfortable

AA-950 BLACK
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Other examples of IAQ sensors - in consumer products

_ Clean Air Tec Fair,
Plug-in CO2 sensor modules Korea Oct.5-7, 2005

Korea is catching up...

Clock radio +
demand controlled ventilation
from Korea...
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Future needs for HVAC control strategies

Barriers:

Conservatism about technical installations in buildings — HVAC
components and installations traditionally have a long lifetime

A lack of understanding of how complex building automation systems
Interact with their environment

Degree of adoption and implementation is slow

Often limited to flagship buildings. Demonstration projects are important
but specific business cases are better

Unclear commercial potential and costs. Is it possible to provide
convincing evidence to investors and end users ?

- (Can investments be justified? How do we calculate/document payback time?)

Can you provide value for money to the end users?
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“Better” sensors and solutions are necessary

There is aworldwide interest and future market
for IAQ multisensors

Some challenges

» Low cost — will enable several sensors even in one room, reducing difficulties
in the selection of sensor location

» Low power will fulfill battery demands — or alternatives to batteries
» On-chip diagnostics of system function and performance is important

» Measurement aspects: Cross sensitivity (influences from temperature,
humidity, dust), poisoning, long term drift
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Thanks to the following for most of the information in these slides

Indoor environment
Bjarne Olesen, Jgrn Toftum, Arsen Melikov, DTU/ICIEE

Sensors

Hans Martin, SenseAir

Per Glgersen, SensoNor

Bertil HOk, HOk Instrument

Peter Ostbg, Ralph Bernstein, SINTEF
Jan Nielsen, DTI

HVAC systems, wireless communication etc.
Johnny Holst, NTNU

Jens Mgller Jensen, Peter Gravesen, Danfoss
Mads Mysen, SINTEF Bygforsk

Per Anker Jensen, DTU/BYG

Andy Drysdale, Danish Technological Institute ///// nordocn MﬂNTIE
MONTIE WorkShop In HeISInkI’ Flnland . . = - ultisensors an er New Technology for Improved indoor Environmen

7 November 2006




Thank you for your attention!

For further information contact
Andy Drysdale

Danish Technological Institute
Kongsvang Alle 29

8000 Aarhus C

Denmark

andy.drysdale @teknologisk.dk

Multisensors and Other New Technology for Improved indoor Environment in buildings

www.teknologisk.dk/montie
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