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PART 1.

Getting 
started



FORMULA-E
Introduction

Formula E exists to promote the adoption of 
electric  mobility and alternative energy solutions 

to help reduce  air pollution and fight climate 
change.

#BeatAirPollution



Location

Berlin (Germany)  
11-15 August 2021

Berlin Tempelhof Airport

The event



Methodology  
& Approach

• What is the impact of the event on the local conditions? Was there an 
event  increment caused by Berlin E-Prix?

• What are the transboundary, regional, city and street emission sources (under  
control of the organization and outside the control) incrementing the air 
pollution?

• What's the personal exposure of the sensitive receptors (visitors, staff, pilots)?

Hyperlocal sources



• VISITORS
• STAFF
• TEAMS & PILOTS

Sensitive Receptors

Parameters
• Conventional pollutants (PM1, PM2.5, PM10, NO2, NO, CO, O3)  
• Emerging parameters (Total VOCs and diesel/black carbon) 
• Meteorological: Temperature, Humidity, WBGT

Monitoring Goals
• Measure outdoor air quality before, during and after the event
• Compare results with national and international air quality 

standards.  
• Identify the major air pollution sources.

Best Fit monitoring approach
• Dense, distributed stationary hybrid network.
• Mobile monitoring to identify unknown or suspected emission 

sources  (hotspots)

Methodology  
& Approach



PART 2.

Planning & 
Delivering



Designing an  
hyper-local Air 
Quality network

Reference Stations: Berlin Air Quality Monitoring Network

Kunak Air: 5 sensor-systems + solar panel + anemometer

Airly devices: 8 sensor-systems + main network power 
mode

Sentinel 5P satellite images

28 data sources
131 sensors

50,000 datapoints



Identifying 
hyper-local 
sources

Traffic (NOx/PMs)

Fuel based generators (NOx/PMs)

Overlay vehicles (NOx/PMs)

Garages (VOCs)

Abrasion/resuspension (PMs)



PART 3.

Making 
sense of  
the data



Looking temporal trends of RS network

O
3
 WHO Limit Value



Looking at satellite data - SENTINEL 5P

NO2

O3

Aerosols

12th August 13th August 14th August



QA&QC of sensor-based AQ stations
Using Ozone for accuracy test: Kunak vs. Reference Station



QA&QC of sensor-based AQ stations
Looking at Kunak NO2 vs. Airly NO2

• Machine Learning Calibration in situ

• No clear trends...
but emission sources identification

• Factory calibrated against 
reference  standards

• Remote baseline correction

• Clear NO2 urban trends



QA&QC of sensor-based AQ stations
Looking into PM2.5 and PM10 size distribution

Berlin RS Airly Kunak AIR

• The distribution of PM2.5 and PM10  
values are correlated to some 
extent…
but should not be so near 100%.

• This might imply that the values for  
PM10 are estimated but not 
measured.



Comparison with international standards
Looking into European AQI values

European and WHO standards
PM2.5 24h average

(WHO limit=25ug/m3)
PM10 24h Average

(WHO limit=50ug/m3)
O3 8h Average

(WHO limit=100ug/m3)



Whats the main source of O3 exceedances of limit values?
Pollution Rose of O3



Targeting Visitors
Granstands Kunak AIR unit

EU AQI Moderate - due to O3

Wet Bulb Globe Tempeature



Targeting Formula-E Teams & Pilots
Garage Kunak AIR unit

Sun Exposure:  
VOCs >> O3



Targeting Staff
Looking into maximum values of Airly units

Generators with biodiesel

Van started during the races

NO

NO2



Targeting abrasion/resusponesion of Particles
Kunak units





PART 4.

Data to 

action



Learnings

Micro-sitting

Follow guidelines from  
EU DIRECTIVE

Powering units  
Stabilization  
Calibration

Plan in advance.
Follow instructions of manufactures  

Consider easy Plug&Play units

Source Identification &  
Macro-sitting

Understand the AQ data from the  
location, surveys, meetings, videos,  

pics



Preliminary Conclusions
A multi-stakeholder approach and using a hybrid monitoring network are key for Air Quality 
management in sports events.

Hyperlocal indicative monitoring has filled the data gap.

Air Quality conditions at Berlin E-Prix met international standards. Local conditions were 
determinant at times when the conditions worsened.

The Impact on Sensitive Receptors was dynamic and low.

Berlin E-Prix was  not a significant  source of incremented air pollution during the event.


