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Let the voting begin!




Ricardo Spotlight on Air Quality: An Introduction

 Welcome!

Local authority (and their air quality partners’) webinar

Freel

Interactive

Current topics

Who are the presenters?

Jo Solan Lynda Stefek Jekabs Jursins Alfie Nash
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Low-Cost Sensors and QA/QC: Domestic Burning Project

AQ modelling: Establishing AQ targets & measures

A day in the life — Ricardo LSO & QAQC Audits

AGENDA Phase outs: 2G, 3G, & Electricity Meters

EMAQ Live!

Q&As
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Low-cost sensors and the 'ﬁed for QA/QC:
Defra funded domestic burning project

Lynda Stefek: Transport for Greater Manchester



Poll

How much do you think our Lower-Cost Sensors cost,
each?

A: “£100

B: ~£500

C: ~£3000

D: ~£4000

S



Answer D: Approx £4,000

'Premium’ Air Quality Monitor
£13 from TEMU

MCERT
\ £74 from o £2,000 - £4,000 from
| Amazon manufacturer depending on
& the pollutants
PM2.5 Accuracy:
o 10 pg/m? (moo:g);m;) £211 from Amazon 7
o +10% (100-500pg/m?) ‘ 5"
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MCERTS Certified Products: Indicative Ambient Particulate Monitors Archives - CSA Group M‘II %g@



https://www.csagroup.org/en-gb/services/mcerts/mcerts-product-certification/mcerts-certified-products/mcerts-certified-products-indicative-ambient-particulate-monitors/?srsltid=AfmBOop2uUWdDlZ1ZaUBOuiz5DIFz0CSFzuol97V75J8fwI_HG4XOlwf

How much do you think each TfGM sensor costs?

28
/
~£100 ~£500 ~£3,000 ~£4,000

S
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The primary aim of the project

To influence the reduction of particulate emissions in Greater Manchester through targeted
messaging and interventions, informed by an updated emissions inventory for PM2.5, targeted
monitoring and innovative local research, with a long-term objective of encouraging behaviour
change through informed choices.

Two-phase approach:

1. Evidence Base - Determine proportion of PM2.5 across Greater Manchester attributable to
domestic burning, supported by detailed monitoring programme using lower-cost
sensors across the region, with additional research into demographics, attitudes and
behaviours of current contributors to these emissions.

2. Marketing and Communications Campaign - Launch two campaigns, drawing on the
above evidence base for improved targeting.
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Detailed monitoring programme —
Data we can have confidence in

The only thing worse than no data Is
poor quality data.

T ,\‘4

How reliable is data from Lower-Cost Sensors? JICERTS

The devil is in the detail and the application of LCS.
MCERT Indicative Ambient Particulate Monitors

Qualitative measurements — rely on instrument factory calibration

* Quantitative measurements — requires ongoing QA/QC and local calibration

MCERTS Certified Products: Indicative Ambient Particulate Monitors Archives - CSA Group MIII %%@


https://www.csagroup.org/en-gb/services/mcerts/mcerts-product-certification/mcerts-certified-products/mcerts-certified-products-indicative-ambient-particulate-monitors/?srsltid=AfmBOop2uUWdDlZ1ZaUBOuiz5DIFz0CSFzuol97V75J8fwI_HG4XOlwf

Poll

Under the Air Quality Directive 2008 what do you think
the is the acceptable level of uncertainty for Lower-Cost

Sensor particulate monitoring?

A: +/- 20%
B: +/- 30%
C:+/-40%

D: +/- 50%

S



Answer

Air Quality Directive (2008) — defines the uncertainty of indicative monitors
as +/- 50% (for PM)



https://www.csagroup.org/en-gb/services/mcerts/mcerts-product-certification/mcerts-certified-products/mcerts-certified-products-indicative-ambient-particulate-monitors/?srsltid=AfmBOop2uUWdDlZ1ZaUBOuiz5DIFz0CSFzuol97V75J8fwI_HG4XOlwf

RICARDO

Under the AQD, 2008, what do you think the is the acceptable level of uncertainty for Low-Cost Sensors?

A: +/-20%
B: +/-30%
C: +/-40%
D: +/- 50%
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Guidance avalilable at the time on the use of LCS

tment for Environment Food & Rural Affairs

UK AIR

Air Information Resource

Data

Home  Science & Research . Air Quality Expert Group . Publications » AQEG advice on the use of Tow-cost pollution sensors

AQEG advice on the use of 'low-cost' pollution ;.. expert sroup
sensors

* ‘Low-cost’ pollution sensors - understanding the uncertainties

About the Air Quality Expert
Group

- How do sensors perform compared to reference instruments? Publications

» When could | use a low-cost sensor?

Until relatively recently the vast majority of real-time measurements of air quality in UK were made by established
reference methods, using analytical that meet well-defined i standards for the
quality of the data produced. However, in the last decade there has been rapid growth in the development of low-cost
sensors for air pollution measurement and considerable media coverage of these technologies

We refer in this advice o low-cost sensors which are designed 1o measure regulated pollutants in ambient air, for which
equivalence with European or US reference methads has not been demonstrated, and are often available at lower cost

than ref q Low-cost in thi things, ranging from simple single
pollutant sensors in units that are sold for a few tens of pounds to relatively sophisticated muiti-pollutant devices that
include and ies and may cost several thousand pounds, but which differ from

reference methods because of their compactness, mobility and lower power consumption.

Low-cast sensrs are highly attractive for many different reascns - they patentially allow for far greater density of
measurements to be made, let individuals measure pollution in their local environment, they may be carried on a person
10 estimate exposure, or be integrated into networks into local air pollution management systems.

Many different low-cost sensars are being commercialized and the technology and marketplace is evolving very rapidly.
For this reason it is difficult for Defra and the Air Quality Expert Group to use its usual format of detailed review reports
1o provide updates or advice 1o interested parties on the state of the arl. There is a substantial risk that such studies
may well be out of date by the time of publication.

Instead Defra and AQEG will use this part of the UK-Air website ta provide regular updates on the seience and
application of air pollution sensors, their uncertainties and recommendations and advice on where they may, or may
not, be appropriate ta use. Links to the latest review articles an this subject will also be provided.

A further comprehensive resource for information on air pollution sensors can currently be found on the US
Environment Protection Agency website:

https://www.epa.gov/air-sensor-toalbox/how-use-air-sensars-air-sensor-guidebook #pane-1

MAYOR OF LONDON

AN UPDATE ON LOW-COST SENSORS FOR
THE MEASUREMENT OF ATMOSPHERIC
COMPOSITION

) EPA 800/R-14/159 | June 2014 | www.opa.govlord
\7

United States
Environmental Protection
Agency

DECEMBER 2020 EDITED BY RICHARD E PELTIER

Air Sensor Guidebook

GUIDE FOR
MONITORING AIR
—— QUALITY IN LONDON g

National Exposure Research Laboratory

[0 e

eme P JANUARY 2018

ORGANIZATION



Preparing the Tender documents — QA/QC

Quality Data was an important focus of the Specification

Stage 1: Site Selection, Monitor Verification and Data
Transmission Planning

Stage 2: Unit Calibration, Supply, Delivery, and
Installation

Stage 3: Monitoring, Data Integrity and System Security
(including Data Transmission and Storage)

Stage 4: Maintenance, Quality Assurance and Quality
Control (QA/QC)
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Monitoring Protocol

The Supplier must calibrate all Indicative Monitors in accordance with the Monitoring
Protocol.

Ensuring that they are fully calibrated before the Data Hub goes live.

Calibration programme for the Indicative Monitors to ensure monitoring data meets
MCERTS requirements for indicative quantitative measurements throughout the lifetime
of the project.

The calibration results must demonstrate, by statistical test results compared to a
reference analyser, good performance, including accuracy and precision.

This performance must be demonstrated as capable of being maintained over a
comparable time period to the project timescales.

Evidence and results of calibration to address any drift and ratified measured data must
be shared with The Authority on a monthly basis.

Additionally, any monitors that are delivering sub-standard results, or have failed, must
also be reported, together with planned actions and timescales for corrective action or
replacement.
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Change in response, repaired or

* Assess intra-
relationships
* Assess inter-
relationship with
reference analysers
s |dentifv fanltv
ser
N Co-location

* Three co-located
and 40 deployed

— Deploy

(- Daily checks

* Dissemination via
Data Hub

* Provisional scaling
factors applied

Improving upon MCERTS — Ricardo’s Protocol

* Apply daily slope and
offset corrections

* Remove unreliable
data

» Data ratification

\ Data download
and dissemination

.

Process and scale
( data

S



© Crown copyright and database rights 2023 OS 0100022610, You are granted a non-exclusive, royalty > VADbe g MUANTI T,
free. revocable licence solely to view the Licensed Data for non-commercial purposes for the period oo\ Tockies } o
during which Transport for Greater Manchester makes it available. You are not permitted (o copy. ckigles
sub-ficensa, distibute, scll or othorwisc make avalablo the Licensed Data to third partios 2 M N

in any form. Third party rights to enforce the terms of this licence shall be reserved to OS. Withwell
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Calibration and Co-Location

* 43 monitors were calibrated by co-location prior to
deployment in Greater Manchester

« 3 Indicative Monitors were co-located at Piccadilly
AURN Realtime monitoring station giving greater
confidence in the responses of the monitors.

= |NEEEE i
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4 Data Summary for all sites

What do the data
show?

4.1 Summary statistics

The plot tab shows the quarterly mean for indicative sites by the selected pollutant. The colours of bars represent the sensors
located in each district. The table tab concluded the statistics of the measurements.

PM1o NO; O3 co CcO;

N.B. These data are
currently

Bolton (Background)| B Bolton
Bolton (Domestic Burning) [ | Bury
Bury (Background) B Manchester
Bury (Domestic Burning) : :li:::‘le
Manchester (Domestic Burning) B salford
Manchester (Background) W Stockport
Manchester (Domestic Burning) B Tameside
Manchester (Background)| : I;?:::d

Manchester Piccadilly 1 (Co-location)

Manchester Piccadilly 2 (Co-location)

Manchester Piccadilly 3 (Co-location)

Oldham

Oldham

(Domestic Burning)

(Domestic Burning)|

. - | / t I f I d Oldham (Background)
provisional/unratified. . -
% Rochdale (Background))|

Rochdale (Domestic Burning)
Rochdale (Domestic Burning)|
Rochdale (Background)|
Salford (Background)|

Salford (Domestic Burning)
Salford {Background)
Salford (Domestic Burning)
Stockport (Domestic Burning)
Stockport (Background)|
Stockport (Domestic Burning)
Tameside (Background)|
Tameside (Domestic Burning)
Trafford (Background)|
Trafford (Domestic Burning)
Wigan (Domestic Burning)

0

4 6 8
Quarterly Mean PM, 5 (ug m™)
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What do
the data
show?

Time series plot

The plots below show the time series of concentrations for this quarter. Each pollutant is presented on a different tab and all sites
are shown on each plot for comparison. A daily average resolution has been chosen as the most appropriate metric over a variety
of different time windows. Zooming in on specific periods of the plot can be done by dragging a box over the section of the main

plot frame. To return to the default (all data) zoom level, double click the plot. Holding the mouse over the lines will highlight

specific values and time stamp for that record for each station.

PMyqo NO, O3 CO CO,
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Regional Adjustment — Extracting the “Background Signal”

 Rural background concentrations consistent
across >100 km

» Urban background concentrations consistent
across areas of a city

* How can we extract the “background signal”
from measurements:

* Find commonality across the reference
network

* Frequency analysis - extract low frequency
trends e.g. 1-min to hourly peaks due to local
sources; background concentrations will vary
over several days.

reference [l <2

1 Background PM, 5 (g m3)

1 Backgrouna Fm.o pgim-

28—

26—

24—

22—

20—

18-

16 -

14 -

12 -



Co-location Uncertainty

CLOOL PM, ¢ (g m™)

40

30

20

10

- -
- .
-
Y/
- ]
...'I *
Bl .
7
0 10 20 30

Fidas PM. 5 (ug m™)

—— Regrassion Line
= 1:1 Line

CLOO01 data scaled remotely

Slope (b) = 1.109 + 0.02 (Significant)
Intercept (a) = -0.818 + 0.195 (Significant)
n =255

r? = 0.92

Expanded Uncertainty (W, = 18.9%, passes 50% criterion

CLOO2 PM, « (Mg m™)

40

30

20

10

10 20

Fidas PM, 5 (ug m™)

30

—— Regression Ling
—— 1:1 Line

CL002 data scaled remotely
Slope (b) = 1.158 + 0.021 (Significant)

Intercept {(a) = -1.038 + 0.202 {Significant)

n =255
r’=0.92
Expanded Uncertainty (W_,) = 26.6%, passes 50% criterion



Co-location Uncertainty

CLOOL PM, ¢ (g m™)

40

30

20

10

Fidas PM. 5 (ug m™)
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- -
-
Y/
- ]
...'I *
Bl .
=
7
10 20 30

—— Regrassion Line

/ — 1:1 Line

40

40

30

20

CLODS PMy, (pg m3)

10

20

Fidas PM,, (ug m™)

= Regression Line

— 1:1 Line

/S

—— Regrassion Line
m— 1:1 Line

CLDO03 data scaled remotely
Slope (b) = 0.787 + 0.028 (Significant)

Intercept (a) = -1.129 + 0.45 (Significant)

n =255
rr=0.71
Expanded Uncertainty (W) = 48.4%, passes 50% criterion

d remotely
8 + 0.021 (Significant)

1.038 + 0.202 (Significant)

ainty (W) = 26.6%, passes 50% criterion
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Co-location Uncertainty — PM, .

Measurement Uncertainty (%)

100

a0

&0

40

20

—-20

10

20 30
Daily Average PM, 5 (ug m3)

40

CLO01 - Unscaled

CLO02 - Unscaled

CLOO3 - Unscaled

CLOO1 - Scaled Remotely
CLO0Z2 - Scaled Remotely
CLOOZ2 - Scaled Remotely
50% DQO

PM, - Limit Value
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Co-location Uncertainty — PM,,

Measurement Uncertainty (%)

120

100

80

40

10

20

30
Daily Average PM,, (Lg m™%)

40

50

CLO01 - Unscaled

CL002Z - Unscaled

CLOO3 - Unscaled

CLO01 - Scaled Remotely
CLO0Z - Scaled Remotely
CLOO3 - Scaled Remotely
50% DQO

PM, , Limit Value
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2023 Code of Practice — Lower Cost Sensors

Figure 6 - Common measurement artefacts and areas for consideration

Increased complexity of QA procedures

Raw concentrations |l —

Less complex

Areas for consideration

Si?;ggf\:ltgy/ Comparability Drift
(4.2.4) (4.4.2) (4.4.3)
Interfering A i .
specles . ccuracy Drift correction
(4.2.4) (4.4.2.1) (4.4.3.2)

Inter-system
L] comparability
(4.4.2.2)

Quality assured concentrations

More complex

Noise
(4.4.4)

Influence
variables

(4.4.5)

Temperature

Humidity

Pressure
(4.4.5)

Essential QA measures

Optional QA measures

PAS 4023:2023
Selection, deployment and quality

control of low-cost air quality sensor
systems in outdoor ambient air —
Code of practice

Department e
for Environment Sl
Food & Rural Affairs °




15:50 29 May

P re I i m i n a ry m O n ito ri n g d at a tream footage of new volcanic eruption in Iceland

* Transboundary sources — known

On 29 May 2024 a volcanic erupted in Iceland.

Our indicative monitors recorded spikes in PM, . concentrations 31 May
to 1 June.

Analysis and modelling of this period indicates a large proportion
Of P M was tra nSbOU N d a ry A volcano in southwestern Iceland has erupted, sending glowing hot lava
2.5 *

shooting 50 metres (164ft) into the air.

It's the fifth eruption since December on the Reykjanes peninsula - located
near the country’s capital Reykjavik.

NOTE: Data collection is on-going,

I Suomi /

it has not been quality assured and islang ENorge I Finiand PM2.s
ratified. 2024 findings to be reported . 1;
0 ? . B
in next year’s Annual Status Report. Rroniiadi SRS e 16
Trajectory Date: 2024-05-31 00:00:00 [ I -17
Lat: 57.733002 | Lon: -3.064 : CaHkT- -18
Height: 473 m | Pressure: 948.4 Pa Oslo ‘ © . Metepbypr 19
; _|__Helsinki.-. 1
PMas: 21.2545 & 2] l
| ' Stockholm | gesti izo
R ‘ _ AP\ {70 AR \ -21
A i ; ) ‘ Latvija
Danmark™
¥ ‘United Kingfiom ‘ Lietuva Mo?xea
| Great Britain
E'ir'e / {relar'\:d; SRS
Londo! :;'.;der Polska
@ A% Deutschland {
< @
Paris Cesko lp
B Sloensko? ypalia
May 28 May 29 May 30 May 31 Jun1 Jun2 Jun3 Jun4 Juns : ChiSinAt

Maavarorszaa. 1 azflat | @ MmanQiractilian ~nntrihutare

Particulate matter monitoring and awareness campaign — December 2024 JUL' ||



Christmas Celebrations?

= (CLO01: Manchester Piccadilly 1 (sensor) (NA) = (CL002: Manchester Piccadilly 2 (sensor) (NA)
= MANOO1: Manchester (sensor) (Domestic Burning) = MANO002: Manchester (sensor) (Domestic Burning)
w— MANOO3: Manchester (sensor) (Background) MANOQO4: Manchester (sensor) (Background)

35

30

25

20

15

PM, 5 (ug M)

Dec 15 Dec17 Dec19 Dec 21 Dec 23 Dec 25 Dec 27 Dec 29 Dec 31

| I .Transportfor
Greater Manchester



Moor Fires March 2025
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Any Questions?
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Using AQ modelling to support local authorities in
establishing AQ targets & measures

Jekabs Jursins: Ricardo



Air quality targets — why aim beyond legal requirements?

Higher ambition,
UK_ Iegal Why set bespoke targets? 9
obligation voluntary
f Legal requirements for meeting air quality standards \ Protection of human health

* Environmental Targets (Fine Particulate Matter) (England) Requlations 2023

. WHO global air quality guidelines (2021)

» Supporting the delivery of national PM, ¢ targets, including 2028 and 2040

» Air Quality Standards Regulations 2010 & Air Quality (England) Requlations 2000 Table 0.1. Recommended AQG levels and interim targets
K * Legal obligation to meet limit values for NO,, PM,,, SO,, lead etc. j . Averaging tme o targer QG 1ovel
1 2 3 a
3 24-hour? 75 50 375 25 15
Val u e (ug/m ) PM,, ug/m? Annual 70 50 30 20 15
N02 Current 40 24-hour* 150 100 75 50 45
0,, ug/m?* Peak season® 100 70 - - 60
PMlO Current 40 8-hour® 160 120 - - 100
Current 20 NO,, pg/m? Annual 40 30 20 - 10
24-hour* 120 50 - - 25
P |\/|2.5 2028 12 50,, yg/m? 24-hour® 125 50 - - 40
€O, mg/m* 24-hour? 7 - - - 4
2040 10 +90th percentle (Le. 3-4 exceedance days per year).
:ul[\‘\;‘ei;z;?:‘:)ef[:g!yol:2:i[r‘|::\;r[|‘1“8a—|ri|:r:|.r mean O, concentration in the six consecutive months with the highest six-month



https://www.legislation.gov.uk/uksi/2023/96/contents/made
https://www.legislation.gov.uk/uksi/2010/1001/contents/made
https://www.legislation.gov.uk/uksi/2000/928/contents/made
https://www.who.int/publications/i/item/9789240034228

Introduction

Air quality targets — where are Local Authorities at now?

120 WHO AQ WHO Interim WHO Interim Annual mean ] ]
Guideline Value Target 3 Target 2 limit value Targets beyond legal obligations are
100 2% 28% 74% 97%
0
2 Tarqet Annual mean
T 80 Local Authority AQAP 9 concentration target
o year
< value (ug/ms3)
‘_% Oxford City Council
g 60 Air Quality Action Plan 2025 NO, — 30 pg/m3
S 2021-2025
S Slough Borough Council
8 Air Quality Action Plan 2028 NO, — 35 pg/ms3
E 40 2024-2028 (draft)
>
= Winchester City Council e NO, - 30 pg/m?
Air Quality Strategy PM, ¢ — 10 pg/m?
20
o L — [ | —— How can local authorities establish
<5  (510] (10,15] (15,20] (20,25] (25,30] (30,35 (35,40] (40,45] (45,50]  >50 targets that are ambitious, but

Maximum measured annual mean NO2 concentration in 2022 (ug/m3) achievable?

Source: Nitrogen Dioxide annual mean Local Authority 2022 | Air Quality Compliance Data Hub



https://compliance-data.defra.gov.uk/datasets/e663db3ea78c46a5b083596d8f629913_0/explore

Using AQ modelling to support establishing AQ targets & measures

Understanding the Exploring suitability of air
current air quality quality policy options
issue
I Scenario modelling
Bl A.‘Q Economic & health impact
model effort required to
reduce emissions
Source to meet air quality Evidence to support establishing
apportionment target(s) AQ targets & measures
assessment Part 2 — Warsaw _ _ _
I LEZ study Policy-making & delivery
Understanding the [ Part 1 — Oxford Source - —— — —
: : Apportionment study _
sourcpeoﬁzta;]guallty Paréip ;Lagyord Monitoring & evaluation




Using AQ modelling to support establishing AQ targets & measures

Understanding the
current air quality
issue

Baseline AQ

concentration Determining the
model effort required to

reduce emissions

to meet air quality

Source target(s)

apportionment
assessment

Understanding the [ Part 1 - Oxford Source
source of air quality Apportionment study

pollutants

Exploring suitability of air
quality policy options

Scenario modelling

Economic & health impact
assessment

Evidence to support establishing
AQ targets & measures

Part 2 — Warsaw : : :
LEZ study Policy-making & delivery

Part 3 — Bradford

CAP study Monitoring & evaluation



Oxford Source Apportionment — Context & Aims

Context:

Oxford City Council’s
AQAP includes an
annual mean NO, target
of 30 pg/m?3 by 2025

Exceedances of Oxford
target value in 2022 at
three locations:

+ St Clements
* \Worcester Street
 Botley Interchange

Aims:

Understand the contribution
of all sources of road
emissions to exceedances of
the air quality objectives within
Oxford’s AQMA.

Identify the reduction in
pollutant emissions required
to attain the OCC NO, annual
mean target within the AQMA, to
determine the scale of effort
likely to be require.

A
LS (oY :

ot \
G i
7/ § ~
/ N
N
/ N
[ \ N
‘ % N Oxford Crematorium
\ [ ' S~
\ N e
\ 3 RS ., W
) -~ \
\\ '\‘ /A\ % LOxford Radcliffe' Hospitals NAS-Tru's_t
\ ' >
\ W4 N ; /
‘ v ~University of Oxford r
I " )
A
\L : 4 ) o
l \ ’ Oxford Radcliffe Hospitals NHS Trust
N \X / \ A !
N N LN |
~ -~ NS \ \
S N\ \
L 9
W\ ~ | [
‘\‘\ \"‘\ BMW (UK) Manufacu.mng Ltd ,'__o_v;er -Gﬁ]s L
) \
\\ )
\ 7
& >
— 1 a e
|__ Jd Oxford Administrative boundary \\ - s \
I__j Oxford inner city cordon ‘\ I/
i N\
2022 Point sources \ ~~~. _,I
\ J Thames Water, Utilities Ltd
0 1 2 3 4 km " _ Thames Water Utilities Ltd
_:_:l Contains OS data © Crown copyright and database right 2025:

Source: Ricardo, Oxford Source Apportionment Study | Oxford City Council



https://www.oxford.gov.uk/downloads/download/202/download-the-oxford-source-apportionment-study

Case Study: Oxford Source Apportionment

Oxford Source Apportionment — baseline air quality model

Road activity data (2023 Canyon effects Meteorology 2018 Background NO, Monitoring

Road fleet data (2023
(OS Building maps)

ANPR, ZEBRA scheme) Atkins traffic model)

data (2022) maps (2022) data (2022)

NOy to NO, Model

RapidAir air quality dispersion model
calculator validation

COPERT v5.6 Emission Factor
(NOy, PM, 5, PM,)

emission factors Toolkit

St Clements / The Plain George Street / Park End Street / Worcester Street Botley Road
[ Measured NOz in 2022 (ug/m?) \ Modelled NO2 in 2022 (pg/m3) % i Monitored NOz in 2022 (pg/m?3)|
e <=2 O I <= 20 /AO\d * <=2
® 20-25 Y 0 20-25 A ¢ 20-25
25-30 A 1 2s-30 \ 25-30
® 30-40 o - Al o 30-40
e >40 > e >40
Modelled NO2 in 2022 (ug/m3) \ — o leasure 2 in 3! | Modelled NO2 in 2022 (pg/m3)
= iz ® <= i Bl <=20
| BB Bl 0-25
[J25-30
[0 30- 40

Source: Ricardo, Oxford Source Apportionment Study | Oxford City Council
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Case Study: Oxford Source Apportionment

Oxford Source Apportionment — NOx emission sources

2022 baseline air quality model - NOx

St Clement's / The Plain DT55 - NOx

Taxi (Oxford Taxi (PHV), 1%
HOY), 1% o |

wov,17% Al

Cars (petrol),
9%

St Clement's / The Plain TF19 - NOx

Taxi (PHV), 1%

Taxi (Ox‘ford[
HCV), 1%
) ° Cars (petrol),

7%
LGv,22% A

\Cars (diesel),

39%

2022 National Atmospheric Emissions Inventory - NOx

HGV (Rigid),
"~ Cars (diesel), 17%
Bus, 10% _/ 51%
Bus, 13%
u Cars (petrol) u Cars (diesel) = Car (petrol hybrid) = Cars (petrol) = Cars (diesel) = Car (petrol hybrid)
= Car (diesel hybrid) = Car (electric) Bus = Car (diesel hybrid) = Car (electric) Bus
= HGV (Rigid) = HGV (Artic) = LGV = HGV (Rigid) = HGV (Artic) =LlGV
= Taxi (Oxford HCV) m Taxi (Other HCV) = Taxi (PHV) = Taxi (Oxford HCV) m Taxi (Other HCV) = Taxi (PHV)
Worcester Street - NOx Botley Road - NOx
Taxi (PHV),
Taxi (PHY), Taxi (Oxford * 1(,,/ ) -Cars (petrol),
g 8%
1% Cars (petrol), HCV), 1% \

Taxi (Oxford
HCV), 1%

7%

|_Cars (diesel),
42%

Bus, 1% —

LGY,29%

HGV (Rigid),
18%

= Cars (petrol) = Cars (diesel) = Car (petrol hybrid)
= Car (diesel hybrid) = Car (electric) Bus
= HGV (Rigid) = HGV (Artic) "LlGY

u Taxi (Oxford HCV) Taxi (Other HCV) = Taxi (PHV)

LGV, 27%_, “

Cars (diesel),

44%
HGV (Rigid), __N
13%
Bus, 4%/

= Cars (petrol) = Cars (diesel) = Car (petrol hybrid)
= Car (diesel hybrid) = Car (electric) Bus

= HGV (Rigid) = HGV (Artic) = LGV

= Taxi (Oxford HCV) = Taxi (Other HCV) = Taxi (PHV)

Sources of NOx emissions in Oxford Administrative Area, 2022

Pointsources, 19.74%

/Minor roads, 7.62%

Rigid HGVs, 3.58%

/Artic HGVs, 0.03%

rCoId starts, 5.30% /{/
-
Buses, 0.78%
|

Agriculture, 0.21%
Waste, o.og%g
Nature, 0.004%

Other transport, 8.93%\

LGVs, 4.98%

~_ Major roads, 19.08%

Aircraft, 0.0002% ) \ Taxi (Oxford
- Hackney), 0.18%

Non-road machinery, 7.11%_/

Taxi (Other Hackney),
0.03%

Production processes,

Salvents, 0.02% /

Energy production,

0.00001%
Industry combustion, 3.38%
Domestic combustion, 25.54%
® Energy production = Domestic combustion ® Industry combustion = Production processes ® Offshore m Solvents = Non-road machinery m Aircraft
m Rail = Other transport = Waste m Agriculture = Nature = Point sources = Minar roads Cold starts
u Cars = Taxi (PHV) = Buses = Rigid HGVs u Artic HGVs u LGVs = Taxi (Oxford Hackney) m Taxi [Other Hackney)

Source: Ricardo, Oxford Source Apportionment Study | Oxford City Council

Context

Why focus on road

emissions Where are the exceedances?

specifically? Where is the exposure?



https://www.oxford.gov.uk/downloads/download/202/download-the-oxford-source-apportionment-study

Case Study: Oxford Source Apportionment

Case Study — Oxford — effort required to meet NO, 30 pug/m? target

St Clements / The Plain

St Clement's / The Plain DT55 - NOx

Taxi (Oxford Taxi (PHV), 1%
HOV), 1% \

Cars (petrol),

HGY (Rigid), _/
11%
Bus, 10%_/
u Cars (petrol) u Cars (diesel) » Car (petrol hybrid)
= Car (diesel hybrid) = Car (electric) Bus
= HGV (Rigid) = HGV (Artic) = LGV

= Taxi (Oxford HCV) m Taxi (Other HCV) = Taxi (PHV)

\

Source: Ricardo, Oxford Source Apportionment Study | Oxford City Council
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Evidence to support

R What next?
mitigation measures
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Using AQ modelling to support establishing AQ targets & measures

Understanding the
current air quality
issue

Baseline AQ
concentration
model

Source
apportionment
assessment

Understanding the
source of air quality
pollutants

Exploring suitability of air
guality policy options

Scenario modelling

Economic & health impact

Determining the assessment

effort required to

reduce emissions

to meet air quality
target(s)

Evidence to support establishing
AQ targets & measures

Policy-making & delivery

Part 2 — Warsaw
LEZ study

Part 1 — Oxford Source

Apportionment study Part 3 — Bradford

CAP study Monitoring & evaluation



Case Study: Warsaw LEZ Assessment

Case Study — Warsaw LEZ — Context & Aims

Context:

Exceedances of EU annual
mean limit value (40 pg/m?d) in
2022 at one automatic
monitoring station and
widespread at diffusion tubes.

Around 1,900 premature
deaths in Warsaw annually
are attributed to poor air
quality.

Warsaw has one of the
highest car-ownership rates
across Europe.

Aims:

e Estimate the potential

NO,, PM, : and PM,,
concentration reduction
for four LEZ scenarios.

e Assess the health and

economic impacts
within Warsaw for each
LEZ scenarios.

NO, concentration (ug/m3)

<20

20-30

30-36

36-40

>40
Definition

Diffusion tube ID

Source: Ricardo, Delivering Warsaw’s first Low Emission Zone



https://www.ricardo.com/en/projects/delivering-warsaw-s-first-low-emission-zone

Case Study — Warsaw LEZ — Scenario Options

Scenarios

We have provided NO,, PM,, and PM, ;. annual mean concentration outputs for:

2019 base year for model validation against monitored data

2026 Baseline future scenario against which to compare the LEZ scenarios
2026 Phase 2 — Euro 3 Petrol, Euro 5 Diesel

2026 Phase 2A (extended zone with exemptions) — Euro 3 Petrol, Euro 5 Diesel
2026 Phase 3 — Euro 4 Petrol, Euro 6 Diesel

2026 Phase 3A (extended zone) — Euro 4 Petrol, Euro 6 Diesel

Minimum Euro Standard Implementation Year

1 Euro 4 Euro 2 2024 2024
2 Euro 5 Euro 3 2026 2025
3 Euro 6 Euro 4 2028 2026
4 Euro 6d Euro 5 2030 2027
5 Euro 6d Euro 6 2032 2028
6 Euro 7 Euro 6d 2034 2030
7 Euro 7 Euro 7 2035 2035
8 ZEV ZEV 2038 2038

)

\ I Original LEZ boundary
e g Extended LEZ boundary
[ warsaw boundary

Source: Ricardo, Delivering Warsaw’s first Low Emission Zone



https://www.ricardo.com/en/projects/delivering-warsaw-s-first-low-emission-zone

Case Study: Warsaw LEZ Assessment

Case Study — Warsaw LEZ — 2026 Baseline

[ warsaw boundary [ warsaw boundary
i__]} LEZ boundary i__] LEZ boundary

NO2 concentration (pg/m3) NO2 concentration (pg/m3)
<2 <2

[ 120to30 [ 120to30

[ 130to36 [ 130to36

[ 36 to 40 I 36 to 40

B > 40 B > 40

Source: Ricardo, Delivering Warsaw's first Low Emission Zone
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Case Study: Warsaw LEZ Assessment

Case Study — Warsaw LEZ — NO, concentration change from LEZ implementation

Phase 2 minus 2026 Baseline

Phase 3 minus 2026 Baseline

] warsaw boundary

L__j LEZ boundary
NO2 concentration
decrease (Baseline
minus P2, ug/m3)
[ 1<05
[105t01
[1to25

I 25105
-5

Source: Ricardo, Delivering Warsaw'’s first Low Emission Zone

[ warsaw boundary

L__j LEZ boundary
NO:2 concentration
decrease (Baseline

minus P3, ug/m3)
[ 1<05
[]o5to1
[1ito25

Bl 25t05
-5
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Case Study: Warsaw LEZ Assessment

Case Study — Warsaw LEZ — NO, concentration change from LEZ implementation

2a minus 2026 Baseline Phase 3a minus 2026 Baseline

Phase
[ A : [ warsaw boundary
i__} LEZ boundary
NO2 concentration
decrease (Baseline
minus P3A, pg/m3)

[ <05
[105t01
[l1to25
I 25t05
M ->5

] warsaw boundary
i__} LEZ boundary
NO2 concentration
decrease (Baseline
minus P2A, ug/m3)
[ 1<05
[]05t01
[l1to25

I 25t05

-5

Source: Ricardo, Delivering Warsaw'’s first Low Emission Zone
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Case Study: Warsaw LEZ Assessment

Case Study — Warsaw LEZ — NO, concentration change from LEZ implementation

Phase 2a minus Phase 2

[ warsaw boundary
i__]} LEZ boundary
NO2 concentration
(P2A minus P2, pg/m3)
Ml <-

I -2to-1

T ]-1t0-0.5

_ 1-05t00.5
_105t01

Bl 1t02

2

Source: Ricardo, Delivering Warsaw's first Low Emission Zone

[ warsaw boundary
i__]} LEZ boundary
NO:2 concentration
(P3A minus P3, pg/m3)
M <-2

I 2to-1

" ]-1to-0.5

~ 1-0.5t00.5
_105to1
Hl1i1to2

N >?2
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Case Study — Warsaw LEZ — NO, concentration at monitoring sites

. 3

Site ID Orlgl.nal Extenf:led ) Mo,de"egfzics,é ;%nfzgireal?r?: ug/m) . Phase 3A —Baseline

location location 2026 Baseline 2026 Phase 2A Phase 2A —Baseline i 2026 Phase 3A Phase 3A —Baseline i
(% of Baseline) (% of Baseline)

DT_28 LEZ LEZ -7.35 -14.03% | 3655 | -15.82 -30.21%
DT_29 LEZ LEZ -5.01 -10.73% 33.73 -12.96 -27.76%
DT_98 LEZ LEZ -3.50 -7.66% 34.66 -11.02 -24.12%
DT_33 LEZ LEZ -4.83 -10.84% 33.01 -11.56 -25.94%
DT_8 LEZ LEZ -4.96 -11.25% 31.39 -12.69 -28.79%
DT_51 LEZ LEZ -3.72 -8.27% 31.32 -13.66 -30.37%
DT_40 LEZ LEZ -3.52 -7.95% 33.47 -10.80 -24.40%
DT_72 LEZ LEZ -6.48 -15.23% -12.55 -29.50%
DT_57 LEZ LEZ -3.71 -8.81% -9.86 -23.40%
DT_26 LEZ LEZ -4.44 -11.23% -11.43 -28.91%
DT_32 LEZ LEZ -3.81 -9.65% -10.96 -27.75%
DT_64 LEZ LEZ -3.84 -9.96% -10.13 -26.26%
DT_55 LEZ LEZ -3.16 -8.12% -8.97 -23.05%
DT_62 LEZ LEZ -3.14 -8.08% -8.94 -23.01%
DT_75 LEZ LEZ -3.35 -8.68% -10.03 -25.99%
DT_20 LEZ LEZ -2.76 -7.02% -11.27 -28.65%
DT_31 LEZ LEZ -4.41 -11.83% -9.92 -26.60%
DT_52 LEZ LEZ -4.59 -12.38% -10.08 -27.18%
244A Grochowska Street LEZ LEZ -5.61 -15.47% -10.37 -28.59%
DT_67 LEZ LEZ -2.73 -7.56% -8.89 -24.61%
DT_43 LEZ LEZ 35.49 31.28 -4.21 -11.86% -8.40 -23.67%
DT_39 LEZ LEZ 35.05 32.68 -2.37 -6.76% -7.78 -22.20%
DT_95 LEZ LEZ 35.10 32.21 -2.89 -8.23% -8.63 -24.59%
83/89 Solidarnosci Street| LEZ LEZ 35.50 -2.73 -7.14% -8.54 -22.34%
DT_86 LEZ LEZ 34.83 32.63 -2.20 -6.32% -6.18 -17.74%

Source: Ricardo, Delivering Warsaw’s first Low Emission Zone
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Case Study — Warsaw LEZ — health & economic impact assessment

Air quality pollutant concentrations

Health Impact

Value of air pollution benefit

Population distribution & health data

o Mortality rates ; g
GCJ Emergency hospital admissions
) (respiratory/cardio-vascular)

g Life expectancy

$ Work-days lost

:

)]

7

Restricted activity days
\
350

5 300
T 250
= g 200

CU I
s c\cﬁ 150

= > 100

A _
2, mm ] []

c

° Phase 2 Phase 2A Phase 3 Phase 3A

®EMinimum = Maximum

Cost-benefit analysis

Smaller zone

Extended zone

Results (Million zloty) Phase Phase
Phase 2 Phase 3 oA 3A
Health impacts 793 1,430 1,140 2,460
é Change in fuel use 1,260 2,121 2,180 3,880
S :
bl Change in non-fuel 240 297 439 543
vehicle operating costs
GHG Emissions 201 335 346 612
Vehicle upgrade costs -753 -1,087 | -1,330 -1,990
Residual value of 149 | -482 | 236 | -88.3
(28 scrapped vehicles
U) .
g \Velfare impacts of 289 | -59.4 | 331 | -815
cancelled trips
Change in travel time -50 -102 -59.6 -136
Implementation costs -10.8 -10.8 -19.7 -19.7
Benefit:Cost ratio 2.1 3.20 2.80 3.24
Net present value 1,630 2,880 2:640 5,180

Source: Ricardo, Delivering Warsaw’s first Low Emission Zone
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Case Study — Warsaw LEZ — Mentimeter question

Which Warsaw LEZ design do you think was selected for implementation?
» #1 — Phase 2 (less-strict EURO class requirements, original LEZ boundary)
« #2 — Phase 3 (stricter EURO class requirements, original LEZ boundary)
» #3 — Phase 2A (less-strict EURO class requirements, larger LEZ boundary, exemptions for residents)
» #4 — Phase 3A (stricter EURO class requirements, larger LEZ boundary)
« #5 — Something more ambitious than Phase 3A
» #6 — Something less ambitious than Phase 2

« #7 — City of Warsaw decided to not implement a LEZ in the end



Case Study — Warsaw LEZ — policy-making & delivery

STREFA
CZYSTEGO

niice SCT g e

Exploring suitability of air
quality policy options

Scenario modelling

; , Public &

= s YY) ¥\ Economic & health impact
. s T A stakeholder P
R Y : assessment
' consultation

Evidence to support establishing
AQ targets & measures

Eeey
STOLICA
@ Warszawa ZIELENI

Source: City of Warsaw, Clean Transport Zone in Warsaw - Transport

Policy-making & delivery

* Warsaw LEZ implemented in July 2024 covering 37 km?

« Exemptions for residents in the zone until 2026, and indefinitely for senior & disabled citizens


https://transport.um.warszawa.pl/sct

Which Warsaw LEZ design do you think was selected forimplementation?

24

#1-Phase 2 #2-Phase 3 #3 - Phase 2A #4 - Phase 3A #5 - More than #6 - Less than #7 - No LEZ

Phase 3A Phase 2



Case Study: Bradford Clean Air Plan

Using AQ modelling to support establishing AQ targets & measures

- P o
I - Monitoring & evaluation
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Case Study — City of Bradford — Clean Air Plan impacts

context:

» City of Bradford Metropolitan District Council implemented a Clean Air
Zone in September 2022 as part of its Clean Air Plan from Oct 2021.

» The Bradford CAZ applies to buses, coaches, LGVs, HGVs and taxis.

» Study compared primary care visits, emergency visits and air quality of LA

Local

a baseline (Jan 2018 — Feb 2020) and CAP implementation period 4 G
(Oct 2021 — Sep 2023). : '

Findings:
+ Average annual mean NO, decreased by 2.4 ug/m? per year since the (@)
implementation of the Clean Air Plan. e e
e £38.5k monthly cost reduction in primary and emergency healthcare Source: Mebrahtu et. al,, 2025. Impact of an urban city-wide Bradford clean air

plan on health service use and nitrogen dioxide 24 months after implementation:
An interrupted time series analysis (Fig. 1)

visits attributable to the Clean Air Plan.

» 24-month period only included first year of CAZ implementation.

« Conditions related to long-term exposure may take longer to emerge.


https://www.sciencedirect.com/science/article/pii/S0013935125002397
https://www.sciencedirect.com/science/article/pii/S0013935125002397
https://www.sciencedirect.com/science/article/pii/S0013935125002397

Some useful resources for air quality measures

A Guide for Local Authorities

Clean Air Fund Environmental Policy

Clean Air Zones: Implementation Community

Practical guidance for cities Integrating Action on Air Quality &
Climate Change



https://www.cleanairfund.org/resource/clean-air-zone-guidance/
https://www.cleanairfund.org/resource/clean-air-zone-guidance/
https://www.the-ies.org/resources/integrating-action-air-quality
https://www.the-ies.org/resources/integrating-action-air-quality

Any Questions?

Email;: jekabs.jursins@ricardo.com

LinkedIn: https://www.linkedin.com/in/jekabs-jursins/



mailto:jekabs.jursins@ricardo.com
https://www.linkedin.com/in/jekabs-jursins/
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‘A day in the life’; LSO calibrations, QA/QC audits
and fieldwork challenges

Alfie Nash: Ricardo




The Ricardo Air Quality Field Team

Where are we?

» Harwell (Didcot)
« Manchester ¢
» Glasgow

o Elgin

9 Inv
olPortree Invemess

SCOTLAND O'Aberdeen

* London & Bristol (mainly LSO support)

Dundee O
9'StAndrews

\Ricardo-aea L'td
=4 Scotland Office

What do we do?

« Various local site operator (LSO) duties: R R U NS -- W
calibrations, diffusion tube changes, benzene — —— = 418 Eodhea
tube changes, PAH filter changes. : : '

United ]
i Kingdom ©.5riie
(ND*

o h A ey
brogheoa o Ricardo Manchester

®Dublin - LIverRoolo:
+ QA/QC audits on automatic and non-automatic -
monitoring stations ¢ Romuadn
WALES Ludbridge Mill ;

« Comms — installations, data collection and data

Ricardo o \o AO/Ricardo
management XA

O Exeter, Q.Bournemouth

« Other work: industrial monitoring, remote
sensing/point sampling, international work...

O Plymouth
Channe!
<=




Poll: Are LSO calibrations carried out at your monitoring
stations?




RICARDO

Are routine LSO calibrations currently carried out at your AQMS location/s?

No
oo
4 7

Not sure N/A



LSO calibrations & routine site visits — why are they needed?

Gases:

» Retrospective data scaling using the
zero and span response.

« Changing filters for optimal analyser
operation.

Particulates:

» Leak checks (e.g. BAM analysers).
» Filters / tape changes.

Site:

A

‘,.‘F,'f"ﬂ

* Instrument faults (e.g. aircon issues) n R | I L

: : L_'_j!.ﬂ'/; iili’l i 306 taaent i
« Site infrastructure. i L;F". iy

« Changes in the ambient environment.




Poll: Are Ricardo QAQC audits carried out at your monitoring
stations?

63 © Ricardo plc May 2025 IR RICARDO



(RICARDO |

Do you currently undertake Ricardo QA/QC Audits at your automatic AQMS location/s?

Yes

® 3 No

Not sure

N/A - No automatic AQMS




What is a QA/QC Audit?

A “performance check” of monitoring equipment.

This is not a certificate.

Gases: Particulates: . °7°° i [ =3

0 further QA/QC checks.

Auditor: Alfie Nash

« Site cylinder recalculation tests * Flow tests
« Site calibration system integrity checks » Leak tests (where applicable) i reme 1N

e Sijte zero Comparison tests i Sample system checks (eg ™ s
« Linearity tests PM sampling head wi g
« Flow and leak tests (where applicable) cleanliness) W =
 Direct NOz response test (NOx analysers only) ¢ Ambient temperature/pressure e

« NO:2 converter tests (NOx analysers only). sensor tests e ]
« KO tests (TEOM / FDMS B e

NOx dSO? inlets dny should be cleaned or replaced by ESU at next service visit
flow of

H . an al Se rS 0 n I S02 me should be checked at next ESU service. BAM
I e_ . Final  PM10 he: ement. BAM heads dnyNa cleaning supplies

iSSi ng q place
comments: on site. Advis LSO br supplies !amESu!orr egular head cleaning.

Reminder to clean BAM heads Sample & Visible dn NO and SO2
H Comments |"°0ulry caliraton i
e H&S risk assessments
commenl S
* Inlet measurements (LAQM TG22/LLAQM E e p—
Site first aid kit? Y Exp. date. Dec-27
Site CO2 fire extinguisher? Y Exp. date: Mar-26
I G 19 Equipment ITEE tested? Y. Exp. date:  Aug-25
. Air-con working OK? Y
Workspace suitably clean and tidy? Y

Comments:




Some notes on best practice:

LSO calibrations:

« Carried out 2-weekly for roadside locations or sites
where high concentrations are known.
« Carried out 4-weekly at other site locations.

QA/QC audits:
« Carried out every 6-months.
ESU services:
« Carried out every 6-months, within 3 weeks of the
audit.

« Strongly recommended to be done after the audit
has taken place!

Department

for Environment
Food & Rural Affairs

Part IV of the Environment Act 1995 as amended by the
Environment Act 2021

Environment (Northern Ireland) Order 2002 Part lil
Local Air Quality Management
Technical Guidance (TG22)

August 2022

gov.sco

W 4 | Scottish Government Osgarmentof s o A l/
’ 4 Riaghaltas na h-Alba @ Agriculture, Environment N (J('
- t and Rural Affairs

nnnnnnn

MAYOR OF LONDON

LONDON LOCAL AIR QUALITY
MANAGEMENT (LLAQM)

Technical Guidance 2019 (LLAQM.TG (19))




What does this all look like for a Ricardo air quality field worker?

In 2025 so far, our air quality field team has
carried out 526 audit visits and 956 LSO
visits... we are a bustling and busy team!

A “varied routine” best describes it.




And like any job, it's not without its challenges... (natural




And like any job, it's not without its challenges... (human)

DUMPING

it

NO TOOLS OR
VALUABLES

'ARE LEFT IN THIS
VEHICLE OVERNIGHT




But it's not all doom and gloom!




But it's not all doom and gloom!




A snapshot of other work we do




A snapshot of other work we do...




Take home messages

LSO calibrations and QA/QC audits:

They fundamental to running an air quality
site / monitoring network.

We hope to foster a better understanding
about what we do and why it is important.

Working in the field is challenging...

« But it's where we exercise and grow our
technical expertise!

* Challenges can reflect wider issues around
air quality.

Ricardo is here to help...

Provision of services: LSO calibrations,
QA/QC audits, comms, sensor
installations, remote sensing, data
management...

Training, guidance, methods of best
practice.




Any Questions?




The Phase out of 3G, 2G and RTS/DTS electricity meters

2G & 3G Connections RTS/DTS Meters
Gradual phase out over remainder of th
2025 for 3G Phase out by 30" June 2025

Phase out up to 2033 for 2G Upgrade to smart meters

Upgrades of comms to ensure

longevity of data management Check AQMS supplies

4G Comms solutions Interruption to data




RTS/DTS electricity meters

Radio Teleswitch

Source: Google.co.uk



ENAGH EMAQ Livel

Attenborough Hall, Leicester City Hall
Tuesday 9t September 2025, 09:30 — 16:00

 Local authority staff involved in improving air quality, representatives from environmental health, planning,

transport, public health and climate teams

» Expert speakers, roundtable discussions on challenges and opportunities for improving UK air quality, and

developments in local air quality management
* Free for EMAQ+ subscribers, or £95 for local authorities that do not hold an EMAQ+ subscription

« Emalil emag@ricardo.com to secure your place (up to 3 places per local authority)



mailto:emaq@ricardo.com

Thank you for joining us!

RICARDO
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