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1. Vaisala Oyj in a nutshell

2. Emergence of compact air quality sensors
— Market evolution
— Technology evolution
— Standardisation activities

3. A network deployment example: Helsinki Metropolitan Air Quality Testbed

4. Use case examples
— Community monitoring and outreach close to an urban port: Jatkasaari port
— Support for mitigation activities: Street dust event detection
— Extending source apportionment in a city: time series analysis
— Urban planning support: gradients in street canyons
— Compact sensors to support air quality monitoring in developing countries

5. Conclusions and acknowledgements
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Professor Vilho
Vaisala establishes
the company on the
success of the
radiosonde

Radiosonde RS11
was displayed at
World Fair in Paris
where it wins a gold
medal

Subsidiaries are
established in the

UK, USA, Japan,
and Germany
between 1979-
1986.

The first cleanroom
is built, enabling the
design and
manufacturing of
semiconductors in-
house.

T V:

Vaisala builds

it's first own
manufacturing site
in llmala, Helsinki

&

A new pocket size
and light
Radiosonde

A radiotheollite for
upper-air wind
measurements is
introduced

Subsidiaries are
established in
France (1990) and
China (1994).

1954
Vaisala moves to
it's current location,
Vantaa. Vaisala

employs 60 people.

Vaisala A Series
shares are listed
on the Helsinki

stock exchange.

The Vaisala
Radiosonde RS13 is
the world’s first truly
transistorized

Growth through
acquisitions - eg.
Lightning (2000)
and Weather
Radars signal and
processing (2005).

Thin-film technology
is developed for
Vaisala HUMICAP
humidity sensors,
the first of its kind..

New Radiosonde
family is introduced

Vaisala - 82 years of environmental observations

Vaisala introduces
the first automatic
weather station and
aviation weather
system. Vaisala
employs over 200
peor\ln

{ 2007

Vaisala introdices
C-band weather
radars with accurate
dual polarimetric
measuring and a
new concept in
antenna design.

1977
Road weather
business is initiated
with the
development of the
road weather
station.

Vaisala's pressure
sensing technology
was launched
towards Mars in
Mars’s Rover,
Curiosity.
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Safety, Efficiency and Better Decision Making
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Weather and Environment Markets
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Employs
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Actions for cleaner air and healthier people

Urban and regional planning

= Public transport made attractive and clean
= Green corridors and areas in city
= Location of industries and waste disposal sites

Legislation affecting pollution sources All of these require an
= Clean fuels regulations accurate understanding of

= Legislation for control measures in industry the air qua”ty situation

Targeted efforts during air quality episodes —
= Traffic restrictions
= Advisories for industries and construction sites
= Sjtuational awareness in accidental release incidents

Limiting exposure of people
= Up to date information on conditions
= Accurate advisories and warnings
= Modern tools for avoiding exposure (mobile apps etc) _

Peter Drucker Lord Kelvin
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Emergence of compact AQ sensors
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Air quality sensor reports and events

b
7 & x\) WORLD

&'/ METEOROLOGICAL

.
N ORGANIZATION

Low-cost sensors for the measurement of
atmospheric composition: overview of

topic and future applications

SEPA
United States
Environmenta

Peer Review and Supporting
Literature Review of Air Sensor
Technology Performance
Targets

' Home > News + Events > Events

APRIL meeting : Low cost-air quality
sensors |

~AQ-SPEC_ "

Air Quality Sensor Performance Evaluation Center

(S]=] £ Il +]

Date:

'Air Sensors International Conferenc:

ing Science and Engaging Ct

Air Quality Sensor Conference 2017
"Making Sense of Sensors"

About Program Registration Abstract Submission i Your Visit

*EX SOLDOUT »%x

What are we discussing?

¢ Sensors and Smart Cities
¢ Data Management Platforms

ASIC will bring together stakeholders from academia,
government, communities, and commercial interests to
promote and advance air pollution sensors, improve
the data quality from these sensors, expand the
pollutants measured, and foster community
involvement in monitoring air quality.

o Development/Improvement of tech.
« Data analytics and communication
¢ Much more...

bi
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Activities towards sensor certification

Europe: CEN TC 264 W(G42 USA: SCAQMD, California China: Hebei Province

Technical specification for AQ sensors Sensor testing center Performance requirements for
sensor grid monitoring

DB13

European Local Standard of Hebei Province
Commission

DBEI13/T 2544—2017

Air Quality Sensor Performance Evaluation Center

a]=] | v 0

ity e Specifications and test procedures for air

AQSREC ol . v s Euaiuation pollution control gridded monitoring system
Reports (posted, 2/24/17)

\ e * NEW!UNITEC SENS-ITO3-Lab
Evaluation (posted, 2/24/17)
JRC TECHNICAL REPORTS AQ-SPEC -
I = . Evaluation (posted, 2/24/17)
Air Quality Sensor P > ce Evaluation Center A e

Evaluation (posted, 2/21/17)

Protocol of evaluation and calibration of
low-cost gas sensors for the monitoring
of air pollution

Released on July 17,2017 Tumpl i on Sept 18, 2017
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WMO/GAW sensor usage classification
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Evolution of technology and practices

Current state

Basic sensor
technology

Temporal variability

e.qg. traffic counting,
‘Pollution is highest in
the morning’

1. Sensors are stabile
over the period of
interest

2. Sensors respond
broadly to pollution

stability

Industrial
manufacturing

Performance
standards

Spatial variability

e.g. ‘location x has higher
pgllution than location y and
z

1. Stable over the period of
interest

2. Responds broadly to
pollution

3. Sensors are internally
reproducible

reproducibility

e B--R--- Limit value
Reference

Limit value

Limit value

Limit value

Concentration dependence

e.g. ‘location x exceeds the
limits but y and z do not’

1. Stable over the period of
interest

2. Sensors are compound
specific

3. Sensors are externally
reproducible

accuracy

Traceable
calibrations,
intercomparisons

Long-term trends

e.g. ‘species at location x
is increasing at 3% / yr’

1. Stabile over the period
of interest

2. Sensors are compound
specific

3. Sensors are globally
intercomparable

traceability

Adapted from: WMO/GAW report Lewis A.C. et al: "Technical Advice Note on Low Cost Air Pollution Sensors”
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Helsinki Metropolitan Air Quality Testbed

New air quality monitoring infrastructure to Helsinki Metropolitan area:
= Network of 15 air quality sensors to complement regulatory network
= Real time air quality model and forecast based on the improved

resolution data
= Dissemination to citizens through internet, public displays etc.
= Open interface to data for application development

= Services for air quality forecasting, alerting, traffic, urban planning —
local IT startups encouraged to utilize open data

VAISALA  Pe€gasor :

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

@ Smart & Clean

E FINNISH METEQROLOGICAL INSTITUTE
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Testbed network
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Co-location optimizes sensor performance

NO, co 0, PM,,

Sensor site Slope Constant R?* Slope Constant R? Slope Constant R? Slope Constant R?
Olari 0.90 -2.32  |0.88] 1.30 -0.09 [0.61] 1.43 10.72  |0.51| 1.17 -0.06
Laaksolahti 0.92 -10.32  [0.70| 1.12 0.02  [0.89| 1.25 845 |0.49| 2.23 -0.96
Rekola 2 0.87 -1.17  |0.87| 1.34 -0.02  [0.82| 1.27 8.74 |0.64| 3.78 -0.98
Pakila 0.94 -1.24  |0.84] 1.05 0.03  [0.87| 2.17 13.64 |0.58| 1.92 -1.24
Hiekkaharju 0.85 0.02 [0.74] 1.12 -0.02  [0.81| 1.76 -0.46  |0.36| 2.59 -1.11
Pirkkola 0.90 -4.36  |0.85| 1.16 0.03 [0.85] 1.28 11.76 _ |0.60| 0.87 1.08
Kaivoksela 0.82 -1.55  |0.88] 1.31 -0.02  |0.88| 1.17 7.37  |0.47] 1.41 2.21
Vallikallio 0.90 -3.46  |0.88| 1.37 0.01  [0.88| 1.24 13.98  |0.67| 2.39 2.76
Suutarila 0.91 -4.33  |0.86] 1.32 0.04 [0.86| 0.84 9.25 |0.57| 2.06 3.52
Mannerheimintie 0.90 -3.67 _ |0.85] 1.11 0.05 [0.85] 1.33 14.14  |0.71| 1.68 2.81
Sornaisten Rantatie | 0.91 -0.62 |0.90| 1.20 -0.01  [0.90| 1.08 12.74 |0.77| 1.08 3.99
Myyrmaki 0.88 -6.50 |0.86| 1.37 -0.07__ [0.81]| 0.80 8.89  |0.79| 0.31 4.65
Ita-Hakkila 0.92 -5.10  |0.87| 1.22 0.03 [0.82| 0.92 10.71  |0.81| 0.51 5.23
Malmi 0.87 -7.22  |0.83| 1.18 0.03 [0.82| 0.82 848 ]0.79] 0.51 4.94
Jatkasaari 0.89 -4.07 |0.87| 1.18 0.04 |0.83| 0.81 11.07 _ |0.74| 0.58 3.78
Latokaski 0.89 -3.74  10.90] 1.20 0.02 [0.78] 1.20 0.99 ]0.51| 0.57 4.84

z.:.r'_’,’ﬂ.’-:»"’u"‘ I R S e LS .
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Operational high resolution modelling 24/7
ENFUSER fusion model by Finnish Met Institute FMI

limanlaatu 14.11.2017 07:00
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Main local air quality issues in Helsinki

NO, from traffic Domestic wood burning Street dust
« downtown street canyons « small house areas * spring time
« congested periods * more prominent in winter time « studded tires

© Vaisala



Jatkasaari port car traffic

Case: Community monitoring, public outreach
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Jatkasaari port NO, measurements

typpidioksidi (NO2) 1.1. - 30.4.2018
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Rare mid-winter street dust event

Case: support for dust mitigation actions
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Unusual winter PM10 event detected by sensor network

The familiar spring annoyance torments Helsinki in mid-winter
3°0 Studded tires dusting streets in Helsinki

S&a: Kevaalta tuttu vitsaus saattaa kiusata Helsinkia keskella tammikuuta

300 >ornaisten Rantatie Kadut péliseviit nastarenkaiden alla Helsingiss:
Eteld-Suomen

250
200
E
B150
100 Important information for
Helsinki city winter
>0 maintenance to direct the
; cleaning activities

oc 1 2 3 4 5 & 7 & 9% 10 11 12 13 14 15 16 17 18 19 20 21 22 123

Hour
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Sensor diurnal patterns vary by location type

Case: support for urban source apportionment
Averages from 1-7 / 2018

PM10 NO, CO
50 60 0.30
40 50 0.25
T T 40 £ 020
g E £ —__ Motorways
s » 30 » 0.15
3 3 3 == Busy streets
-9 20 -9 '9 - . -
2 2 20 2 0.10 Residential
(N (N (T
10 10 0.05
O 1 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1 1 1 1 O'OO ! ! ! ! ! ! ! ! ! ! !
1357 911131517192123 1357 911131517192123 1357 911131517192123
Kellonaika Kellonaika Kellonaika
PM10 due to street dust Dilution of traffic CO affected by
Information used to support originated NO,, traffic and domestic
dust mitigation activities wood burning
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Images and data courtesy:
City of Helsinki,

Air quality gradients in a street canyon Helsrk Reione Envronmenc

Case: Support for urban planning

Preliminary results

= Study to understand dispersion of traffic emissions surrounding residential
buildings next to a busy street

= Data used to support urban city planning

= Sensors mounted on different heights on building walls on the front and back of
apartment buildings

i L14 12m
sm | O _
Reference station
/ SP4
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am L4 4m backyard
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Images and data courtesy:

e 'Of HlileSir;l;ir;a Environmenta
Diurnal NO,, profiles during weekdays Servces AT HSY
09-12 / 2017 Preliminary results

= Height has relatively little effect on concentration
= Backyard concentrations low, but still clearly affected by traffic
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Time series analysis yields concentration gradients

Images and data courtesy:

5-11 months of data in different locations . o2
City of Helsinki,
Helsinki Regional Environmental
NO, gradients Services Authority HSY

Preliminary results
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Nairobi air quality + weather monitoring

Case: Compact sensors supporting AQ monitoring in developing countries

= One environmental station with AQT420 and
WXT536 set up at KMD headquarters, Nairobi

= Results from 25 days of operation
= Daily and hourly averages for all the parameters

= Weather conditions, normal
= Temperature between +10 to +27C
Humidity between 22 to 93 %RH
Light winds daily 0.5 to 2 m/s
Light precipitation event during night of 3-4.1.

VAISALA
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rain at night
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Conclusions

= Compact sensors may find many uses in local air quality management thanks to their
— Compact size
— Easy installation
— Low cost, making monitoring network expansion to new areas possible

= Examples of sensor usage have been presented for
— Community monitoring and outreach
— Support for mitigation activities
— Urban source apportionment
— Urban planning support
— Use in developing countries

= When used in the context of high resolution AQ modelling, a whole new set of
applications opens up for the high resolution air quality data
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